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Only with the new LKB Horizontal — 
Electrophoresis System do you also get... 


Complete Agarose i 
and Immunoelectrophoresis 


The LKB Horizontal Electrophoresis System is 
optimized for both agarose electrophoresis and 
immunoelectrophoresis methods, with carefully 
developed procedures. The high quality LKB agaroses 
can easily be cast onto glass plates or GelBond Film 
backing sheets: use of the latter simplifies the problem 
of gel storage. Up to 3 gels can be run simultaneously on 
the new Multiphor II, using the optional voltage probe 
to check the voltage drop across the gels during the run. 









Punching sample wells with a telescopic well punch » 





os The extended immunoelectrophoresis kit offered wi 
the system includes a set of four templates, each 
: precision cut to match the following techniques: 
u _ Laurell and fused rocket immunoelectrophoresis $: 
— Grabar Williams electrophoresis = 
ê _ Crossed and tandem crossed immunoelectrophoresis 
a — Ouchterlony immunodiffusion and counter 
immunoelectrophoresis 
—agarose electrophoresis of — Clarke-Freeman crossed The kit also includes 3 different stainless steel well 
human normal serum immunoelectrophoresis punches. The use of these punches has proven to be the 
—— fastest. most accurate and most reproducible method of 
Rg Pen producing sample wells. 
be 
agin This is one ina series of advertisements describing the | 
ce ies unrivalled versatility of the LKB Horizontal 5 
= Electrophoresis System. For further information about € 
se agarose and immunoelectrophoresis, and the many 
-Grabar Williams — Laurell rocket other applications of the system, send today for our 
immunoelectrophoresis immunoelectrophoresis brochure. 
THE LKBSYSTEM 





Only LKB can offer the research 
scientist a complete, integrated system 
in which each component works with —~ 
and complements all the others. Based 
on the new and improved Multiphor II, 
the system also includes a 5K V power 
supply, thermostatic circulator, laser 
densitometer and data evaluation 
software. 

In addition to the instrumentation, 


BROMMA 


Head office: 
LKB-Produkter AB, 
Box 305. S-16126 Bromma, Sweden. 
Tel. 08-98 00 40, telex 10492 

Main US sales office: 

LKB Instruments, Inc. 
9319 Gaither Road, Gaithersburg, Maryland 20877, 
Tel. 301-963-3200, telex 909870 (dom.), 64634 (intern. 






5 ; UK sales office: s 
LKB provides a range of 18 major kits LKB Instruments Ltd., 
plus a complete programme of high 232 Addington Road, S. Croydon, Surrey CR2 8YD. 
quality chemicals, supplies and England. 


Tel. 01-657 8822, telex 264414 
Other sales offices in: 
Antwerp, Athens (for Middle East), Bangkok, 
Copenhagen, Lucerne, Moscow, Munich, 
Paris. Rome, Turku, Vienna, Zoetermeer 


accessories, backed by the full 
worldwide support of the market leader 
in electrophoresis and electrofocusing. 


LKB-the electrophoresis experts. 
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BIO 


Insufficient quantities of 
desired peptides are a key 
Cause of expensive research and 
production delays. The MCT 
system is a new and unique 
mammalian cell culturing pro- 
cess designed to overcome the 
obstacle of insufficient quan- 


the quantity you need... when 
you need it! Additionally, every 
step in MCT production has 
been developed to contain costs 
now and in the future while 
maintaining exceptional purity 
and quality in mammalian cell 


proteins. 


tities of peptides by delivering 


Quantity 


Unlike conventional cell- 
culture methods, the MCT 
system uses “fresh; free- 
flowing lymph directly 
from a cow. Following 
treatment, the lymph is 
continuously diffused into 
and out of a growth cham- 
ber. This nearly in vivo 
growth environment stim- 
ulates continuous and opti- 
mal protein secretion. The 
result? Large quantities of 
desired proteins enabling 
you to move to the clinic or 
market... faster. 


Cost 


Unlike conventional cell- 
culture methods that re- 
quire extensive labor forces 
and expensive growth medi- 
ums, Bio-Response’s 

MCT is a closed, 
Steady-state system. 

In essence, the MCT sys- 
tem starts with a low- 

cost lifeline—a feeding 
cow—and ends with a 
pure, quality product. MCT 
„an optimal system at low 
cost. 
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*MCT (Mass Culturing Technique) is a trademark of Bio-Response, Inc 


URES 
REACTOR 


The New Bio-Response MCT* (Mass Culturing 
Technique) System Delivers Monoclonal Antibod- 
ies And Other Mammalian Cell Products When 
You Need Them—From Grams To Kilograms. 


Purity 


Unlike conventional cell- 
culture methods, the MCT 
system is designed to 
insure purity without tedi- 
ous processing. By direct- 
ing the lymph across semi- 
permeable membranes, 
MCT provides both separa- 
tion of media protein from 
desired cell products, and a 
continuous nutrient flow. 
The ability to add or with- 
draw from the chamber to 
maintain optimal cell den- 
sity permits continuous 
harvest of a highly pure 
product. 


For further information, call Bio-Response, Inc. at 


(415) 786-9744. 


_ BIO-RESPONSE, INC. 





Quality 


Unlike conventional meth- 
ods of production that 
attempt to create biologi- 
cally active mammalian cell 
products, the MCT system 
provides a pure-mammal- 
lan product—an exact copy 
of the original protein and. 
in the case of non-antibody 
polypeptides, uncompro- 
mised by inappropriate gly- 
cosylation and disulfide 
bond formation. There is a 
growing consensus favor- 
ing products produced in a 
mammalian cell-culture 
system, such as the 
Bio-Response MCT system. 


© 1984 Bio-Response, Inc. All Rights Reserved. 
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BRL’s new TdT Immunoperoxidase Assay Kit — 
sensitive detection without fluorescence. 


BRL, the pioneer in TdT assay kits, now brings you the first TdT assay kit you can use in the light of 
day. This new kit, a Streptavidin-based immunological assay, gives you clearly stained positive results in 
just 3 hours. And, because the system is not based on fluorescence, all you need is a simple light 
microscope to analyze your results. The new kit makes TdT detection accessible to laboratories without 
a fluorescent microscope, while offering an alternative for those currently using immunofluorescent 


procedures. 





e High sensitivity. The BRL Immunoperoxidase Assay  * Clear visualization of cell morphology. 


is as sensitive as fluorescent assays. The use of BRL's ex- With the new BRL kit, the nuclei of TdT-positive cells are 
clusive Streptavidin as a bridging reagent ensures high stained brown. Subsequent counterstaining allows you to 
specificity and low background for clear, easily readable analyze cell structure — important detail that is obscured in 
slides. fluorescent-labeled cells. 

* Permanent record for future analysis. * Complete, easy-to-use kit. The Immunoperoxi- 
Unlike fluorescent markers, the stain used in the BRL Im- dase Kit consists of a matched set of reagents, ready for use. 
munoperoxidase Assay Kit does not fade over time. Slides The procedure is simple and straightforward, and a detailed 
obtained with the kit can be permanently mounted and re- protocol is included with each kit 


r tained for future study. 
Now you don't have to be in the dark to see. BRL gives you a choice. For both the new TdT 
Immunoperoxidase Assay Kit and the original TAT Immunofluorescent Assay Kit, look to BRL 


BRL 






For research use Only. Not for use in diagnostic procedures 





Bethesda Research Laboratories Bethesda Research Laboratories GmbH Bethesda Research Laboratories Bethesda Research Laboratories SAR) 
Life Technologies, Inc. Life Technologies, Inc. (UK) Led, Life Technologies, Inc. 
Gaithersburg, Maryland 20877, U.S.A. 6078 Neu Isenberg, West Germany Life Technologies, Inc. F-95220 Herblay, France 
Telex: 64210 BRL GARG UW Telex: 417699 BRLNI D Cambridge, CB4 4BE United Kingdom Telex: 695729 FBIMAGRE 
To Order: (800) 638-8992 To Order/Tech-Line: 06102-3204 Telex: 818710 BRLCAM G To Order/Tech-Line; (3) 978-8200 
Tech-Line: (800) 638-4045 To Order/Tech-Line; (0223) 315504 
Maryland and outside the U.S.: Ei ae 
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A novel method of preparing suspensions of viruses 
in a thin film and observing them frozen-hydrated 


under the electron microscope is described on page 32. 
Viruses shown are unstained and unfixed adenovirus 
type 2. Photograph composition by J. Stanger (EMBL, 
Heidelberg). 
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The fast, convenient and safe 
fluorographic reagent 





Please contact Amersham or your local representative for further details 
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“Institut National de la Santé a m tde 


Since 1977, the French Institute of Health and Medical Research (INSERM) organizes, in the Aut j 
year, a series of research conferences, entitled “INSERM CONFERENCES”. i 


The purpose of the INSE RM CONFE RENCES is: 
— to valorize the scientific activity of INSERM in the fields of biomedical research or of health, 


— to enablé young French researchers to benefit from a high quality formation and all other. researchers 
exchange information, establish personal contacts and to undertake new collaborative studies, = 


— to favour the confrontation of ideas, research hypotheses, methodologies or technologies for the advance « ' 
science, 


— to unite scientists from the principal European countries both from universities and public « or private researc 
institutes. 


The INSERM CONFERENCES have the following characteristics : 


— it is preferable that the data presented should not have been the object of any prior R publication 
the presentation of general reviews is thus excluded, 


— the presentations do not give rise to any publication, even in abstract form. 


These meetings are organized under the seégiorisibility of a president and one or several co-presidents. They # al 
held at the Domaine de Seillac, near to Blois (180 km from Paris) and last three and a half days, from Sunda 
evening to Thursday midday. 


ee e008 


Work sessions are from 9 a.m. to 12.30 p.m. and from 5.30 p.m. to 8 p.m. Only three to four presentations a ar 


given per session, thus leaving one third of the time for discussion and short communications. Afternoons may b 
used for leisure activities. 


SINSE] 


ye 
e 
fee 


The number of participants is limited to around 100, of 15-20 are invited speakers: ang around 70 select 
auditors. | 


INSERM takes on the entire organization of these conferences as well as travelling and accommodation expense 


_ Of the invited speakers. Participants who are not directly invited should pay registration fees and accommodatio 
costs amounting to 1.600 FF. 


S INSERM CONFERENC 
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Scientists wishing to attend these conferences have to submit this application form BEFORE JUNE 8th 1984 ¢ t 


INSERM CONFERENCES, 101, rue de Tolbiac - 75654 PARIS CEDEX 13, France - Tetophong 584. 14. A 
extension 210. 


APPLICATION FORM 





T cony : N AND GENETICS OF THE Y CHROMOS E 
“ITS RELATION TO THE X AND ITS ROLE IN SEX DETERMINATION 


SEPTEMBER 23 - 27, 1984 





Chairman : Marc FELLOUS . a 
Co-chairmen : Nathalie 2 JOSSO, Raphaël RAPPAPORT, Jean WEISSENBACH, Coli 





The misting is designed to discuss new data concerning the structure and fonction of the PE Y chromosome. it will» 
concentrate particularly on novel approaches, sex determination and use of molecular biology. 


The subjects to be considered are: 


— Sex Determination : Facts, Questions and Hypothesis. 
— Cytogenetic of the Y Chromosome. 

— Y Chromosome Controled Genes. 

es Errors of Sex Determination. | 

-i Molecular Analysis of the Y Chromosome. 


The list of speakers will include : 





P. AVNER (Paris) A. JOST (Paris) 

A. BERNHEIM (Paris) A. de LA CHAPELLE (Helsinki) 

C. BISHOP (Paris) J.M. LUCIANI (Marseille) 
C.. BOUCEKINE (Alger) J.L. MANDEL (Strasbourg) 
E. BUHLER (Bale) M. MARCUS (Jérusalem) 
P. BURGOYNE (Londres) D. PAGE (Cambridge) 
M. CASANOVA (Paris) E. PALMER (San Diego) 
H. COOK (Edimbourg) P. POLANI (Londres) 

B. DUTRILLAUX (Paris) R. RAPPAPORT (Paris) 

E. EICHER (Bar Harbor) P. ROBEL (Kremlin-Bicétre) 
J. EVANS (Edimbourg) H. ROPERS (Fribourg) 

C. FEKETE (Paris) E. SIMPSON (Harrow) 

M. FERGUSON-SMITH (Glasgow) B. VIGIER (Paris) 

M. GOLDBERG (Paris) S. WACHTEL (New York) 
P. GOODFELLOW (Londres) J. WARMANN (Jérusalem) 
J. de GROUCHY (Paris) J. WEISSENBACH (Paris) 

K. JONES (Edimbourg) H. WINKING (Lübeck) 

N. JOSSO (Paris) P. ZABORSKI (Ivry) 


oe : E E l D0 NOT ENCLOSE PREPAYMENT WITH THIS APPLICATION FORM 














_ MOLECULAR BIOLOGY AND PATHOLOGY 
OF THE HEPATIC DIFFERENTIATION 


OCTOBER 21-25, 1984 






Chairmen : José M. SALA-TREPAT, Axel KAHN, Mary C. WEISS 





i: 





The purpose of this Conference is to promote exchange Of ideas, advanced thinking and discussion among research sc 
interested in the molecular, cellular and genetic aspects of the hepatocyte differentiation. Molecular and. cellular studies or 


abnormal development of hepatic cells will also be discussed. The session topics will include : 


: = Cell Differentiation in Early Embryogenesis. | 


= Cellular Aspects of Hepatocyte Growth Control and Differentiation, 
7 Genetic Analysis of the Hepatocyte Differentiation. | 
=~ Structure and Expression of Genes coding for Liver-Specific Proteins. 
_ — Regulation of Genes Coding for Enzymes involved in Hepatic Metabolism. 
= Chemical Hepatocarcinogenesis. | 
_ — Molecular Biology of Hepatitis B virus. 
_ 7 Genetic Disorders affecting the Expression of Hepatic Proteins. 
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This ı meeting is gwi in 


NOVEMBER 1- 15, 1984 


Chairman : Philippe MEYER | 


Co-chairmen : Marie-Aude DEVYNCK, Jean-François CLOIx 


= ‘Chemical nature of Natriuretic > Factors. 
Origin of Natriuretic Factors. 


< Tissular and humoral Natriuretic Factors. 
-Mechanism offaction. 


Natriuretic Factors, sodium balance and volemic expansion. 


_ Natriuretic Factors and hypertension. 
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_ 5 Secretary regulation of Natriuretic Factors. 
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order to review the new data regarding the characterization, the mechanism of action ‘and the physio- a 
pathology of the New. Endogenous: Natriuretic Systems. Their P 


ossible participation in the rise in blood pressure will be discussed. : i 
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The first peptide synthesiser incorporating the simplicity and high efficiency of the 


‘Fmoc-POLYAMIDE'’ solid phase method with the sp 
; of a CONTINUOUS FLOW SYSTEM. 





® Low cost 
è Exceptionally mild reaction conditions 
è High product yield 





The Fmoc-Polyamide Method as developed by Dr. R.C. Sheppard 
and his group replaces the customary polystyrene resin with a polar 
polyamide resin. This resin is freely permeated by polar solvents 
such as dimethylformamide which is a particularly good reaction 
medium for peptide synthesis. The use of Fmoc amino acids and 
t-butyl protecting groups avoids the repetitive and vigerous acid 
treatments required in conventional synthesis and considerably 
reduces the accumulation of byproducts. 


The Continuous Flow System for removal of excess reactants 
through a column is inherently more efficient than batchwise 
washing which is used in conventional peptide synthesisers. our 
continuous flow system has been designed especially for use with 
‘PEPSYN K’. This polyamide resin is held within the pores of an 
inert inorganic support which allows the rapid diffusion of 
reactants without generation of high back pressure. 





The Continuous UV Monitoring of both the amino acid addition and 
_ the deprotection steps provides reassuring evidence that the 
-synthesis is proceeding normally. 
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eed, economy and ease of operation 







® Simple, rapid procedure 
® Continuous UV monitoring of reaction progress 
® High product purity 







Pepsyn Reagents are provided as a complete range of high purity 
products prepared specially to ensure maximum success with the 
versatile Fmoc-Polyamide method. They include Fmoc amino acids 
and derivatised resins for the synthesis of free peptides, peptide 
amides and side chain protected peptides. 


Technical Support is based on highly successful and extensive use 
of the Fmoc-Polyamide method in our own laboratories. 


For further details please contact: 


Head UNHev amt Laboraturies, 
Cambridge Research Biochemicals Ltd 
Baton Ene Industrial Estate, 

Harston, Cambridgeshire 

CRZ SAX ENGLAND 

Fet Cambridge (0223) 8? 1674 

Teles: REFARI CRBLID C 

LS, 

Cambridge Research Biochemicals Ltd. 
PMO. Bos 38, 1887 Park Srrect, 
Adantic Beach. New York 

12509, LSA 
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- BACHEM has the comprehensive know-how, necessary for the custom syntheses of rare and difficult 

peptides not listed in the catalogs of your biochemical suppliers. Therefore, don’t hesitate to contact 
us. You will immediately get our price and delivery date. Moreover, BACHEM’s new catalog S7 with 
a plurality of news has been completed. Please ask for your free copy. On your special request you 


will additionally receive BACHEM's latest information sheet BA 039/1 
¿Chemically defined antiviral vaccines». 
Lately, BACHEM synthesizes most of the custom synthesis peptides 
on the new semi-automated low-priced LABORTEC Peptide Synthe- 
‘sizer SP 640. Afterwards, whenever possible, the final purification 
occurs on a LABORTEC Craig CCD apparatus, e.g. with a phase 
volume of 10 mi and 200 stages. Please ask for more information 
| on both instruments from LABORTEC, a division of BACHEM AG 
- (Switzerland). 


BACHEM Feinchemikalien AG 
Hauptstrasse 144 

CH-4416 Bubendorf/Switzerland 
Phone: 061/95 23 33 

Telex: 966081 


Labortec AG 

Hauptstrasse 144 

CH-4416 Bubendorf/Switzerland 
Phone: 061/95 2333 

Telex: 966081 
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COMPUTED TOMOGRAPHY 
OF THE BODY 
A Radiological and Clinical Approach 


lan Kelsey Fry DM, FRCP, FRCR 





Janet E. Husband MRCP, FRCR 


‘As ageneral text oncomputed tomography this book may be thoroughly 
recommended.’ British Medical Journal 


| <.. Amuch needed book that will be of use to all those involved in 
CT scanning and should be read by all radiologists in training — their 
‘examiners will certainly have readit. 
| British Journal of Radiology 


~ i | ‘would highly recommend this book to anyone interested inlearning 
~~. | about computed body tomography.’ 
po American Journal of Roentgenology 
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KEEP ABREAST OF ALL THE LATEST DEVELOPMENTS 


in Anaesthesia, Intensive Care and the 
Associated Basic Sciences by subscribing to 


BRITISH JOURNAL OF p 










THE LEADING INDEPENDENT JOURNAL IN ANAESTHESIA 
Edited by Dr. W. Fitch, Royal Infirmary, Glasgow. 


Published monthly, with summaries in German, French and 
Spanish, the journal provides: 


* - Sections on laboratory investigations, clinical research, case reports and 
information on apparatus. 


* Acorrespondence section with short communications and comments oncurrent 
matters of professional interest. 





* Authoritative book reviews. 


* Postgraduate educational issues, produced twice a year, on bothclinical and 





basic science themes. 
Subscription UK &Eire £38.50, Trainee £24.00: Canada & USA US$90.00 
Price Trainee $50.00; Rest of the World Airmail £95.00 Surface £53.00 


Subscriptions at the trainee rate must be accompanied by certification of 
Status by the department head. 


To: David R. Guthrie, Scientific and Medical Division, The Macmillan Press Ltd., 
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Or to: British Journal of Anaesthesia, Nature, Suite 1503, 15 East 26th Street, 
New York, NY 10010 USA. | 
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THE British Government is but one of several that have set up 
committees to examine the ethical problems of new techniques in 
biology. From the State of Victoria in Australia to France and the 
United States, groups of careworn people chosen for their 
disparateness are hard at work on schemes for regulating the use 

in people of techniques such as in vitro fertilization and embryo 
transfer. So it is not in the least surprising that the Warnock 
committee, set up a year ago to advise the British Government, 
should apparently not yet have agreed what it will say when it 

< feports in June. The snag, for the committee and the government, 
is that the process of winning agreement by waiting for strong- 
minded people to batter each other into consensus is slower than 
the development of the technology whose regulation is intended. 
sm, A few simplifying principles may help. The sources of anxiety 
 & should be identified and recognized, if only because no public 
->= policy can command respect and thus assent unless it accommo- 
dates all reasonable opinions either by concession or by 
reasonable argument. Religious objections are the most evident; 
Catholics have specific difficulties about the definition of human 
life and vigorous reservations about its destruction in any form 
(even as an eight-cell embryo), but many other religious groups 
strongly hold that only natural methods of procreation are 
permissible. Lawyers have other difficulties, Whose is the child 
grown in one woman’s uterus from another’s oocyte? Physicians 
of a eugenic cast of mind worry about the risks of inbreeding from 
the over-use of sperm banks. Others complain that to the extent 
that some people may profit from the new technologies, society 
will be debased. Still others hold, irrationally, that any technique 
with its origins in a laboratory must be an abomination. Not all of 
these opinions can be reconciled, but each of them must be met. 


Deprivation 
_ The Warnock committee and the others will not succeed unless 
\ _ they provide a clear statement of the reasons why the technology 
” on which they are brooding has become a pressing issue. For most 
of the developments now in prospect, human infertility and 
congenital diseases are the driving forces, and should not be 
underestimated. Can it make sense that relief from childlessness 
or the avoidance of genetic defects should be denied? The benefit 
(to parents in particular, but the rest of us as well) that might flow 
from these developments cannot easily be overestimated. Yet for 
_ along time to come, further innovations are unlikely to take 
precedence over a technique now well established — diagnostic 
amniocentesis followed, where necessary, by prophylactic 


Nature in Tokyo 

Nature has opened an office in Tokyo. Dr Alun Anderson, for the 

„ah Past few years in charge of the News and Views section of Nature, 
® will be in charge of the office for an initial period of one year. By 
this means, Nature hopes more efficiently to cover news of 








developments in Japan and also to provide tangible help to | 


<. Japanese scientists wishing to submit research papers or other 
< “communications to Nature. 
__Dr Anderson’s address is Nature, Macmillan Shuppan KK, 






(Telephone (03) 816 3756/7; Telex JATOK J32121MSKK). O 








Life with the new technolo gies — 
Once the issues have been clarified and irrational protests brushed aside, the rules by which to r : 
regulate the transfer or experimental in vestigation of human embryos almost write themselves. 
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there is a strong case that the nature and number o 


abortion. And while there are many sections of society that would 
not consider using these techniques themselves, there seems to be 
no great antagonism between the opposing sections of the 
communities in the countries in which they are used. ies 


Animal experiments a 
The scientific need for access to human embryos should be. 
acknowledged to be less urgent. Animal experiments will for the 
time being serve most scientific needs. So little is as yet known of 
the mechanism of differentiation that ambitions to learn how to. 
optimize the specifically human process of intrauterine | 
development cannot now be matched by pointed programmes of | 
observation and experiment. Yet that time cannot be. long- 
delayed. And the benefits could be greater than the eugenicists _ 
have ever (falsely) promised. ae 
So what should a beleaguered committee recommend? The first 
need is to insist that the cant and inconsistency hidden in some of A 
the objections to the use of the new technology should be brought 
into the open. Thus complaints that the new developments will- 
encourage women who choose to live without men to produce. 
children outside a nuclear family, which is already possible with 
the assistance of a sperm bank, are thoroughly inconsistent in 
societies that prolifically generate ‘‘single-parent families” by | 
natural means and are inequitable as well. Complaints that the _ 
new techniques are objectionable because some may earn a living — 
from them, and the implication that they would be more accept- 
able if no money changed hands, are frankly hypocritical. _ 
People’s time, trouble and skill are required. To insist that they — 
should be offered free would be to ensure that they were spenton — 
other tasks. A, a ee ae 
Within such a framework, rules for the regulation of the new 
technology almost write themselves, Physicians and their profes- 
sional organizations have a central role to play. The principles, in — 
a form general enough to apply to foreseeable developments as 
well as those now used (amniocentesis included) should be these. 
Because public anxiety about the new developments is real, the 
avoidance of frivolous applications of techniques must be the first. 
objective. This is the basis on which most of the legislation forthe 
regulation of abortion is already based. Some persuasivereasonis 
required for each legal abortion, with the beneficial social result 
that such arguments as persist centre on the precise conditions- 
that should apply. With the new techniques, exactly the same 


principle should be followed. Thus women demanding embryo 


transfer to a surrogate mother for the sake of avoiding the risk or 
even the inconvenience of pregnancy should be denied, Whether _ 
the predetermination of the sex of a child should be counted as 
frivolous is not easily decided; in any case, the issue is probably 
academic if only because the separation of sperms that determine 
male or female sex must soon be possible. 

If physicians must shoulder the day-to-day responsibility for _ 
the avoidance of frivolity, professional associations and licensing _ 
authorities must in future function more vigorously as monitors... 
of what physicians do than is at present the case. Although 
physicians set great store by the privacy of the relationsh 
between a physician and his patient (witness the just battle o 
British Medical Association with the British Government ove 
misnamed data protection bill now in the House of Commo 
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unnatural embryogenesis dealt with by physicians should be open k 
to scrutiny within the medical profession. The usual procedure by — 


which a physician engaged on a novel treatment protects against 
criticism — the second opinion — will probably not suffice in 
these novel circumstances. There is also a need for formal 
arrangements whereby cases can be discussed, necessarily after 
the event, within a wider professional circle. 


Anonymity 

Even the traditional anonymity of the patient may not be inviol- 
able, but for legal reasons. The question arises from the operation 
of sperm banks like those in the United States but also from the 
more common if more clandestine use of AID (artificial insemi- 
nation by donor). The abstract legal question whether the 
offspring of such a procedure may have a right to claim the 
paternity of the donor of the semen should be settled by straight- 
forward legislation (laying it down that no claim can lie). The 
eugenicists’ fear that the result may be a major inbreeding is 
sustained by the likelihood that AID donors may be used 
repeatedly. But there is no reason to think that even AID is now 
practised ona scale that would invite these dangers The more sub- 
stantial reason for knowing what sperms have fertilized what 
oocytes is that with the inevitable improvement there will be of 
people’s understanding of human genetics, the need may arise to 
be able to reconstruct the genetic history of people not yet born or 
even conceived. It may be prudent to identify donors by number if 
not by name, which implies some mechanism for keeping records 
more substantial than physicians can provide. 

The problem of the surrogate mother is said to be one of the 
particular difficulties with which the Warnock committee is 
wrestling. As things are, the problem is not numerical but one of 
principle. Suggestions that the practice should simply be made 
illegal are probably inequitable and certainly impractical. Why 
should women infertile because of some uterine defect be denied 
the chance of producing a genetically authentic child with the help 
of some other uterus while women whose fallopian tubes are 
blocked have access to in vitro fertilization? And while neither of 
these techniques is technically simple or free from risk, there is 
every chance that they will in due course be internationally 
accessible. Legislation is neither wise nor enforceable. 

Would-be users of a third party’s uterus have quite a different 
worry — the fear that an embryo may be conceived, grown to term 
and then not be handed over to the genetic parents, whatever the 
terms of the contract, explicit or otherwise, made at the outset. 
Even this problem is not, however, as unfamiliar as it seems. One 
of the most familiar if poignant tales told by the adoption agencies 
is of women resolved, when pregnant, that their offspring will be 
adopted who change their minds once the child has been born. At 
that point, genetic ties matter less than instincts. From this it 
follows that a woman who carries another’s embryo should not be 
required by some contract made in advance to hand over the child 
that results from it, nor to be sued for breach of contract. 


Self-discipline 


‘The general rule for the regulation of unnatural embryogenesis by 


on) techniques now available or likely to become so is therefore 


_.. straightforward. Tighter self-discipline within the medical pro- 
fession coupled with a tendency towards explicitness for the sake 
- of seemliness and so as to gather data are the necessary trends that 










should require only minor legislation to make them workable. For 


xo the plain truth is that while the technology of artificial embryo- 
genesis is likely continually to become simpler, it will never be so 
simple as to be preferable to the natural method. The problem will 
never be numerically huge. Since the issues of principle that are 
raised by foreseeable techniques are not nearly as novel as they are 
made out to be, the committees brooding on the subject should 
above all seek not to exaggerate the importance of what they are 
about. | = 

The regulation of research in this field is similarly a problem 
that can too easily be exaggerated. Laboratories with people 
working in th d of artificial embryogenesis should equip 
themselves with ethics committees for the scrutiny of experi- 











mental protocols, and should prudently set these up off their own 
bats, not wait to be instructed to do so. One obvious criterion that 
should be satisfied by proposed experiments with human sperm 
and ova is that there should be good reasons why the same 
findings cannot be obtained with other mammalian material. 


Similarly, experimental protocols should demonstrate con- 


vincingly the reasons why embryos should be kept alive fora 
whatever length of time is specified. For even though there is no ^ 


logical accommodation to be found between the views of those 
who hold that even a fertilized ovum is a living creature and those 
who consider that observations of such systems are permissible, 
the practical truth is that the anxiety (and opposition) of those 
who hold to the extreme definition is bound to be moderated if 
researchers can exercise self-restraint. G 
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Smoke-screen tactics 


An advertising campaign in support of smoking is 
best challenged with detailed facts. 


THE tobacco industry has what is known in the advertising 
industry as an image problem. Despite valiant efforts to counter 
the perception that cigarette smoking is the single largest prevent- 
able cause of cancer (even for cowboys on horseback), the 
industry’s production of cigarettes in the United States fell by 7 
per cent in 1982. The percentage of adult Americans who smoke 


fell from 39 per cent in 1982 to 29 per cent just a year later; overall, 


32 million Americans who once smoked no longer do so. 


These figures have the industry worried and have spawned a 


new advertising campaign from R.H. Reynolds, one of the largest 
tobacco companies in the United States, aimed at its best market: 
smokers who are hooked, who are ready to quit under the weight 
of health evidence and who are desperately eager for some straws 
toclutch at. The first advertisement in a planned series calls for an 
‘open debate” on smoking and health, hinting at scientific 
evidence that legitimately questions the establishment view of the 
hazards of smoking and quite brilliantly sows the impression that 
the subject is still a controversial one. The advertisement, which is 
short on facts, is bound to give those smokers who are looking for 
an excuse not to quit something to grasp at, namely the notion 
that smoking and health is just another of those issues upon which 
scientists can never agree. The tactic is simple and the damage is 
done in the first instance. 

The American Cancer Society, the American Heart Associa- 
tion and the American Lung Association are doing their best to 


counter the campaign. They have likened the industry’s call foran ~ 
“open debate” on smoking to a call for open debates on the. 


lethality of bullets or on whether the Second World War took 
place. Predictably, the industry has cried that its rights of free 
speech under the first amendment to the US constitution are being 
trodden upon by the health organizations — thus adding to the air 
of controversy it is hoping to generate and to its cultivated image 
as an oppressed minority whose legitimate views are being 
squelched by a dogmatic establishment. 

The only hope of countering the tobacco company’s cynical 
propaganda is the tireless repetition of facts, such as those found 
in the American Cancer Society’s exhaustive Cancer Prevention 
Study, which tracked a million people for twelve years and which 
showed that no fewer than 83 per cent of lung cancers are 
associated with smoking. Even simple facts like these are hard for 
the industry to deal with. The standard lame response that. 
epidemiological studies offer merely ‘statistical’? evidence, no 


causal proof, of the danger of smoking should be provoked as) 


often as possible — the more the industry must deal with details, 
the more it looks ridiculous and the less it looks responsible 
despite its attempts to do so by means of other advertisements, 
warning the public that smoking in bed is dangerous and that 
smoking is an ‘‘adult’’ pursuit, Only when the tobacco industries 
acknowledge that smoking, in bed or out, is dangerous and cease to 


advertise it as a pursuit of cowboys, the young, the athletic andthe - 
. es 


attractive, will they become truly responsible. 
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Satellite launchers 






Tokyo 

PLANS to put Japan alongside other 
nations with a major investment in space 
were heralded by an ambitious 15-year 
development programme approved by the 
Space Activities Commission last week. 
The programme should turn Japan into a 
major space nation by the end of the cen- 
tury and enable it to compete with the 
European Ariane and the US space shuttle 
for the launch of large communications 
satellites early in the next decade. 

At the heart of the programme is the 
decision to develop a new rocket — the H2 
~- powered by a domestically developed 
cryogenic oxygen-hydrogen engine, 
capable of putting a 2,000-kg satellite into 
geosynchronous orbit. Development costs 

are estimated at 200,000 million yen ($870 

‘pmnillion) and will necessitate big increases in 

ANthe National Space Development Agency 

© (NASDA)’s annual budget of Y 130,000 
million. 

In addition, the programme calls for par- 

ticipation in building the US space station 

— although to what extent is not yet clear. 

Earlier Japanese plans for a manned space 

flight are discarded as uneconomic but pro- 

vision is made for continuing use of the 
space shuttle for development of new 
materials under zero-gravity conditions. 

The new programme — the first to be an- 

nounced for six years — was given the go- 

ahead at a meeting of the Space Activities 

Commission chaired by Michiyuki Isurugi, 





NEWS 


_ Japanese plan to join the 
big space league by 2001 


director general of the Science and 
Technology Agency, which is responsible 
for all of Japan’s ‘‘big science”. 

The decision to build the H2 rocket 
stems from confidence that Japan has 
mastered much of what it can learn from 
the United States in the field of launcher 
development. After a late entry into the 
space race in 1969, NASDA rapidly ac- 
quired the capability to launch small 
satellites by the aggressive import of US 
rocket technology. Its first launch vehicle, 
the three-stage N1, was essentially a copy 
of the Thor-Delta and could lift only a 
130-kg payload into geosynchronous orbit. 
The N2, which replaced it in 1981, brought 
payload capacity up to a modest 350 kg. 
But while the N series rockets were being 
built under US licence, the Japanese were 
developing the H1, a far more powerful 
cryogenic oxygen—-hydrogen engine that 
would mix Japanese and US technology 
and be capable of taking a 550-kg payload 
into orbit by the mid-1980s. Next in line 
would have been an extended version, the 
HIB, designed to take an 800-kg payload. 
But rapid development of the cryogenic 
engine has allowed the bold decision to skip 
the HIB in favour of the new H2, to be 
ready soon after 1990. 

Success will give Japan the capacity to 
launch 2,000-kg satellites — the same 
capacity as the Ariane 4 rocket planned for 
completion around the same time and only 
a little less than the 2,270-kg capacity of the 


Japan versus Europe — size the key 


WUST before Japan announced it would 
“develop a big cryogenic launcher (H2 — see 
above), a senior French rocket engineer 
discussed the plan with the Japanese space 
agency, NASDA. The engineer, M. Jac- 
ques Borromée, is in charge of developing 
the cryogenic engine for the European 
Ariane 4 launcher — with which Japan 
believes H2 is in direct competition. 





_ French reports described the meetings as 


“fruitful”, but according to a spokesman 
for the French space agency CNES, the ob- 
ject of the visit was merely “information”. 
The meeting was to be seen in the context of 


many meetings between CNES and other | 


_, Space agencies, he said, and nothing was 
““sfsaid about possible commercial collabora- 
"tion between CNES and NASDA. 

However another French space engineer 
described the potential H2 payload of 
2,000 kg in geostationary orbit as modest. 





Ariane i can achieve 1,825 kg, and Ariane3_ 


(to be first launched this summer) 2,580 kg. 
_. Ariane 4 with its cryogenic engines and 
a four liquid boosters could put up a 





4,200-kg communications satellite, the size 
adopted by the Intelsat corporation (a 
108-nation body which effectively sets 
world standards for such satellites) for its 
next (Intelsat VI) series. Also, the first 
Ariane 4 proving flight is planned for 14 
March 1986, four years ahead of any likely 
launch of the Japanese H2. This flight of 
Ariane 4 will be in the “most difficult” 
configuration, using two liquid fuel and 
two solid fuel boosters, with a potential 
3,700-kg payload. If successful it will prove 
the full capability of Ariane 4. 

The question becomes one of the weight 
of communications satellites by the end of 
the decade. In Japan there is a view that it 


will fall to around 2,000 kg, in part because | 


of Japanese efforts to microminiaturize 
satellites. If successful, Ariane 4’s max- 
imum payload may become unnecessary 
but already it is planned to have members 
of the Ariane 4 family suited to a smaller 
payload by variations in the number and 
type of boosters carried by the first 
stage. E 






in a report that is highly critical 


Robert Walgate 















Iilmensee inquiry 


CORRECTION 

IN the article under this heading 
673 of last week’s Nature (23 Februar 
word was inadvertently omitted fromt 
second sentence. It should have read: ‘B 


Illmensee’s experimental records, the 
members of the commission are unable | 
reach agreement on whether ‘“‘the hyp 
thesis that the protocols were fabricated _ 
could be upheld”; some felt it could not, 
others considered ‘‘there was no _ 
compelling evidence to support or refute 
the hypothesis”. The word “not? was _ 
omitted due to an error in the editorial ~ 
process. We apologize fortheerrorandany _ 
distress it may have caused. oreen 2h 
space shuttle. And by using domestic S 
technology, Japan will be free from legal 
restrictions on competing with the United _ 
States that come with building under US 
licence. ee 
The entry of Japan into the large satellite 
launching business is bound to make both _ 
Europe and the United States nervous. — : 
There is also nervousness within Japanthat 
the project is too great a gamble and that oe 
there will be insufficient business for all. ae 
three launcher groups. At present, only 
large communications satellites reach the 
2,000-kg mark and critics of the proso 
gramme feel Japan would be safer sticking 
to the medium-sized satellite market. But . 
the Japanese Government has already been __ 
irritated by US attempts to limit the 
transfer of satellite technology to Japan ee 
and independence from the United Statesis 
an important goal. ee 
While the start of the H2 project now a 
seems certain, the extent of Japanese par- 
ticipation in the US space station’ project is _ z 
less clear. Hard bargaining is likely when 
James Beggs, administrator of the US Na- eS 
tionaL Aeronautics and Space Administra- 
tion (NASA), arrives in Japan on 11 March 
to discuss the project. The Americanshave 
reportedly asked Japan to takea 10 per cent 
share in the space station's development i 
costs. Although the Japanese response has: 
so far been encouraging, it seems unlikely oo 
with the present budget deficit that the Diet 
will approve expenditure on this scale — 
that the Science and Technolog 
will tolerate the cuts in other projects thi 
would probably become necessary. ~~ aay 
The Japanese Government will also find 
itself in a serious dilemma if the US 
Government cannot guarantee that the 
space station will be used only for peaceful 
purposes. The Japanese constitution $ 
fically forbids national military force 
the Japanese public is remarkably sen 
to any increase in military im 
with the United States. Some « 
negotiations over how much “say 
Japanese have in the deployment of the 
station are almost certain to lieahead. =| 
Alun Anderson 





















-US research and development 





= Washington 
_ THE robust increase in federal spending on 
~ research and development proposed in the 
~ Reagan Administration’s 1985 budget 
_ request appears to have done little to cure 
the United States of its chronic fear of 
Japanese and European competition in 
high-technology industries. At a major 
conference on technology policy held here 
last week by the Institute of Electrical and 
Electronic Engineers, the air was thick with 
grim talk of the United States’ slipping 
lead. 

Dr George Keyworth, the presidential 
science adviser, did his best to raise spirits 
by pointing out that science had fared 
better than it had dared expect under the 
Reagan Administration. Over the four 
years of the administration, federal 
research and development spending will 
have increased by 52 per cent, he said. Basic 
research had grown by 55 per cent to a new 
high of nearly £8,000 million. 

However, a much less upbeat message 
was delivered by Dr Simon Ramo, a co- 
founder and director of the TRW Corpor- 
ation, a leading US high-technology 
company. The United States, he insisted, 
was losing its technological leadership. 
Proof was arriving ‘‘daily’’ from 
numerous fronts — decaying equipment in 
engineering schools, weaknesses in mathe- 
matics and science education and an 
‘‘adversary’’ relationship between 
government and industry. Without 
vigorous government action, Ramo 
warned, US industry would lose its ‘‘tech- 
nology war” with the Japanese. Important 
first steps would include relaxing the anti- 
trust laws, decreasing capital gains taxes 
and investing heavily in engineering 
education. 

Coincidentally, the National Science 
Foundation (NSF) has just released a 
considerably more sober assessment of the 

- United States’ scientific and technological 

_ capabilities, in its annual Science 
Indicators report. The report concludes 
that, no matter how it is measured, the US 
lead over the rest of the world is still 
formidable. E 

In 1979, for example, the United States 
spent about as much on research and 
development as France, West Germany, 
Japan and the United Kingdom combined. 
It devotes a higher proportion of its gross 
national product to research and 
development and employs more scientists 

- and engineers. in this field than any other 
> country except the Soviet. Union. 

© = One consequence of this investment is 
that US scientific papers dominate the 











‘authors wrote more than a third of the 
papers in scientific and technical journals. 
And despite a decade-long decline in 
„patenting (a useful indicator of inventive 


activity), the US record remains 


assessment as part of the licensing process. 





contents of learned journals. In 1980 US | 





Fears of failing competitiveness 


impressive. 
So is the much-ballyhooed decline in US 


scientific leadership a mirage? Not entirely. | 


For one thing, the huge US investment in 
research and development is heavily 
skewed in favour of defence. Defence 
already swallows up well over 60 per cent of 
federal spending on research and develop- 
ment, and that proportion is expected to 
increase. Japan and West Germany spend 
only a tiny fraction of their science budgets 
on defence research and development, 
which puts the ratio of their civilian 
research and development to gross national 
product ahead of the United States. 

Nor is the US grip on scientific 
publishing as firm as it seems. The NSF 
report analyses more than 2,000 highly 
cited journals and finds that in six out of 


Nuclear safety 


Risky business of assessment 


reactor-years of operation and that nuclea A 
plants should add less than one-tenth of 


Washington 

THE Nuclear Regulatory Commission 
(NRC) is moving cautiously towards 
expanding the use of the controversial 
technique of probabilistic risk assessment 
(PRA) to evaluate the safety of nuclear 
power plants. 

The technique, which relates the known 
failure rate of nuclear components to the 
overall risk of such serious accidents as a 
core melt, has been sharply criticized for 
failing adequately to account for human 
error and for the intrinsic impossibility of 
imagining every possible route that could 
lead to a serious accident. The technique, 
which is widely used in industries such as 
aerospace, was first applied to nuclear 
plants in the 1975 Reactor Safety Study, 
directed by Norman Rasmussen of Mass- 
achusetts Institute of Technology; that 
report unleashed a storm of controversy, 
with critics calling it an empty numerical 
exercise whose only purpose was to lend an 
air of objectivity to foregone conclusions 
on the safety of nuclear power. 

NRC is expected shortly to require all 
new plants to carry out a probabilistic risk 


Initially, these assessments would be used 


only as a guide to the design of safety | 


systems and to help the plant’s operators 
and federal inspectors to focus on the most 
vulnerable links in the systems. But within 


the next two years, NRC may begin to | 


require probabilistic risk assessments as 
proof that plants comply — albeit within a 
generous margin of error — with NRC’s 
previously adopted general safety goals for 
nuclear plants. These goals, which were 
adopted last year against the recommenda- 
tion of NRC’s own technical advisory com- 


mittee on reactor safeguards, require that 
core melt accidents should not occur more | 
often than once per every thousand > 


eight fields the US contribution declined 


between 1973 and 1980. Only in bio- 
medicine was there an appreciable 
increase.. 

The most disturbing decline, however, is 


in the amount of patenting by US .. 
inventors. Between 1971 and 1982, NSF 
reports, US domestic patenting decreased — 


by about 40 per cent, while foreign 
patenting in the United States increased. 

But the United States continues to pro- 
vide assistance to the scientific endeavours 
of other countries. In the 1981-82 
academic year, more than 150,000 foreign 
students were enrolled in scientific and 
technical courses in US universities. 

It is not a one-way street, however. NSF 
says there is evidence that US scientists are 
gaining more from foreign research. In 
1980, 44 per cent of all citations found in 
US publications were from foreign 
journals. That is an increase since 1973. 

Peter David 


one per cent to the background risk of acci- 
dental death and cancer from all other 
causes. 

A draft report commissioned by NRC* 
raises some doubts about the commission’s 
strategy, however. While noting the 
usefulness of probabilistic risk assessments 
in identifying safety problems, the report 
warns against attaching much credence to 
their numerical results. It notes that un- 
certainties, which cannot even be quanti- 
fied, make it ‘‘very difficult to determine 
formally whether a specific safety limit (in 
terms of public risk or frequency of a core 
melt) is met’’. And it warns that the sort of 


safety goals adopted by NRC inevitably — 
causes disproportionate attention to fall otd 
the ‘bottom line’ of a risk assessment — 





the risk of core melt — despite repeated 
warnings about uncertainties. 

Robert Bernero of NRC’s risk analysis 
division says the commission is well aware 
of these limitations and that ‘‘no one is 
even suggesting the replacement of current 
regulations with PRA”. The current safety 
regulations consist of engineering stand- 
ards that specify the construction of com- 
ponents, for example. But Bernero says 
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there is a possibility that NRC may adopta i 


requirement that reactors meet NRC's 
safety goals as calculated by probabilistic. 
risk assessment, perhaps within an order of .. 







magnitude to allow for the inheren{ 
uncertainties. > 


After public comments are received on 
the report, it will receive peer-review from 


the National Science Foundation... 
~ Stephen Budiansky 





-> Probabilistic Risk Assessment (PRA): Status Report 





and Guidance for Regulatory Action, US Nuclear 


Regulatory Commission, NUREG-1050 draft report. 
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Com puter link-u 





Prepared to spend some millions of dollars 
to set up a computer network in Europe, 
linking universities and research centres. 
The similar US BITNET will also be linked 
to the European network, through nodes in 
Rome and at the City University of New 


York (CUNY). In this way, the establish- 


ment of the system will put researchers with 
computer access in communication from 
the west coast of the United States to Haifa 
in Israel (in the European net) and all 
points between. 

According to IBM Europe, based in 


~ Paris, IBM will provide all the hardware 


and most of the software necessary to 


enable computer users in Europe to send 


files and electronic mail to each other. The 
network is being called “EARN” for the 
European Academic and Research Net- 
work, and will not be restricted to IBM users. 

IBM will itself gain by being on the net- 
work — and thus in touch with a vast com- 


“unity of researchers — and by 


istablishing greater ‘‘visibility’’ in Europe, 
According to David Lord, the head of com- 
munications at the European Organization 
for Nuclear Research (CERN), near 





Up and away 


Tokyo 
ALTITUDE control and telemetry tests of 
the Exos-C satellite, launched last week by 
Japan’s Institute of Space and 
Astronautical Science (ISAS) from the 
Kagoshima Space Centre, have proved suc- 
cessful and the first scientific data are ex- 
pected to be transmitted back in the next 
few days. 

Exos-C, given the Japanese name 
Oozora (sky), is a part of Japan’s contribu- 


ypon to the Middle Atmosphere Program 


). It is the ninth scientific satellite to 


be successfully launched by ISAS, the 


academic space institute run by the univer- 
sities, in a space programme totally in- 
dependent of Japan's commercial space 
organizations. Launched into a low ellip- 
tical orbit (perigee 354 k, apogee 865 k, in- 
clination 74.6 degree, period 96.9 minutes) 
by an MU 3S rocket, the satellite carries a 
range of equipment designed to measure 
minor constituents of the middle at- 
mosphere — carbon dioxide, ozone and 
aerosols, including those of volcanic origin 
— from all regions of the globe. Data on 
ionospheric plasma conditions will also be 


The principal instruments on board are 


a scanning 1.2- „m infrared radiometer 
for measuring ozone density at 70-90 km 


- > altitude, a back-scatter ultraviolet spectro- 
.. meter which will give the ozone profile at 
25-60 km, and a solar image radiometer 
_. for observing stratospheric aerosols and 

ozone levels, 


Alun Anderson 











IBM fills the European gap 


. IBM, the American computer giant, is 


Geneva, the EARN network could be 
operating within a couple of months. This 
rapid progress is possible because the 
technology is identical to the existing 
BITNET system, and is essentially simple. 

There are two essential reasons for con- 
necting computers, says Lord: to control 
one computer with another (to make one 
act as a terminal to the other); and to 
transfer messages and files. Existing 
telephone-line communications between 
computers using a simple international 
communications protocol dubbed X25 
coped well with the first use (terminal ac- 
cess). But X25 is clumsy at file transfer. 

BITNET and EARN are designed for 
this latter use — file transfer — which will, 
for example, enable a researcher in one 
country to send a research paper or a 
preprint to a researcher in another, with the 
minimum of fuss, provided the paper was 
first produced on-line. 

Already the main nodes (junctions) of 
the EARN network are defined. Rome will 
be linked to Haifa, to CUNY in New York 
and to CERN in Geneva. CERN will link in 
turn to Paris, GSI Darmstadt in West Ger- 
many and the Rutherford Appleton 
Laboratory in Britain which will provide a 
gateway into the existing British JNT (or 
Janet) nationwide academic network. 
Paris will link to Madrid and to Stockholm, 
a gateway into a Nordic network. 

At present, Britain seems to be best pro- 
vided with academic networking, with Ger- 
many rising fast in second place. Germany 
is planning to provide 10 internal (national) 
access points to EARN. 

But why has Europe left it to a US com- 
puter company to establish such a net- 
work? This is a difficult question to 
answer. The information directorate of the 
European Commission in Luxembourg 
does in fact run a substantial network, 
Euronet Dyane, but in practice this has been 
developed mostly to provide terminal ac- 
cess to various databases and database 
hosts in Europe. And since databases are 
mostly abstracting services of most use to 
librarians, Euronet: Dyane has developed 


more towards library serices than to 


linkage between researchers. . 
Meanwhile, though, the Commission is 


developing programmes such as the Euro- 


pean Programme of Research in Informa- 
tion Technology (Esprit). In such pro- 
grammes, new standards for inter- 
computer communication are being 
developed — standards that will be more 
powerful than BITNET and EARN. This is 
the right job for the Commission, Lord 
thinks, But meanwhile users in urgent need 
of communications should not ignore ad 
hoc offers like IBM’s EARN, The danger 


to Europe and the. benefit to IBM is that 


IBM standards will be deep-rooted by the 


time Europe decides on its own protocols. | 


< Robert Walgate 








Toxin weapons — 
Softening of 
US charges — 


Washington A 
THE US State Department may be backin 
off from its charges of Soviet use 
chemical and toxin weapon 
Afghanistan and South-East Asia. In. ; 
report submitted to the United Nations last _ 
week, the State Department said that in 
1983 — for the first time since it began _ 
levelling charges of Soviet use of chemical _ 
weapons three years ago — it could findno — 
confirmed evidence of chemical attacksin _ 
Afghanistan. And in Laos and Kam- _ 
puchea, where the State Department has 
accused Soviet-backed government forces — 
of attacking resistance fighters with _ 
“yellow rain”, supposedly a mixture of 
trichothecene mycotoxins derived from 
fungi, the report said that the “lethality of — o 
attacks” had decreased in 1983. A 

Only one of more than 200 environmen- 
tal and biological samples collected in all ~ 
three areas in 1983 proved positive for the 
presence of these toxins. The State Depart- 
ment apparently based its allegations of 
continued attacks in Laos and Kampuchea 
on intelligence reports, eyewitness ac- 
counts and medical data on symptoms suf- 
fered by victims of the alleged attacks. 

While maintaining that the United States l 
had ‘‘strong evidence” to support its 
earlier charges, the report seemed at leastto: 
open the door to some explanations that 
stop short of toxin-weapon use, whichisa | 
violation of international treaties. “Some 
deaths associated with toxic attacks occur- 
ring in 1983 resulted from secondary ef 
fects’’, the report acknowledged, “suchas 
eating contaminated animal products after 
an attack. Cia e ee 

Critics of the State Department’s earlier 
reports have suggested that use of non- 
lethal agents such as tear gas may explain 
the symptoms reported and the presenceof 
gas masks and other materialamong Soviet __ 
forces in Afghanistan. Tear gas is not con- 
sidered by the United. States to be a 
chemical weapon under the 1925 Geneva 
Protocol banning chemical warfare. = 

Other critics, notably Matthew Meselson 
of Harvard University, have reported 


| Strong evidence for a natural explanation 


of the illnesses reported. Meselson said last 
week that he is now firmly convinced that 
the “yellow rain” samples collected by the 
State Department are in fact pollen-laden. 


bee droppings, perhaps naturally con- 


taminated by toxin-producing fungi. 
Meselson, who called last week’s report 
a “‘retreat’’ from the State Department’ 
earlier accusations, was particulari 
cal of the government’s continuit 
to publish its findings in an appropriati 
scientific format, with full details of whet 
and where the samples were collected and 
of how control samples were chosen. 04 
Stephen Budians 
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Israeli scientists 


Travel to India prevented 


i. Rehovot 

; A DOZEN israeli scientists who had planned 
~~ to attend last week’s seventh International 
ee Biotechnology Symposium in New Delhi 





-did not do so because of difficulties placed 


in the way of their obtaining visas. 

Most of them gave up months ago, when 
the delaying tactics of the organizing 
committee, headed by Professor 
T. K.Ghose of the Indian Institute of 
Technology, discouraged them from 
carrying on their efforts to attend the 
meeting. But two scientists who were to 
make presentations in Delhi — Professor 
Jonathan Gressel of the Weizmann 
Institute and Dr Stefen Rokem of the 
Hebrew University — kept trying to get 
there until the departure of the last flight 
before the symposium. 

Gressel first wrote to the Indian organ- 
izers on 21 March 1983, requesting that 
they send him application forms for a visa 
~ because there is no Indian mission in Israel. 
Five months later, Dr S. Chand advised 
him that the organizers had arranged ‘‘for 
the concerned authorities to provide a 
landing permit” on his arrival in India. But 


A NEWLY discovered Roman fort in 
Scotland, one of three revealed by aerial 
_ photography during the exceptionally dry 

-summer of 1983. The fort is on the South 
Esk immediately to the north-east of 


Kirriemuir, near the castle of 
Inverquharity, and was built there in the 
Flavian period, probably by Julius 
Agricola who, as governer of Britain from 
AD 83-87, instigated a campaign to contain 
the Caledonian tribes. For the Royal 
Commission on:the Ancient and Historical 


Monuments of Scotland, 1983 was a| 
vintage year, with the discovery of new. 


examples. of 5,000 year-old long timber 
halls, whole cemeteries of burial cairns and 
Iron n Age viages in in radioon totheforts. O 








Alitalia, which operates the only scheduled 
air service between Israel and India, 
informed Gressel that he could not board 
one of their planes bound for India on the 
basis of such a letter without details about 
the visa. 

This should have been simple to arrange 
because according to Alitalia, the Indian 
authorities routinely provide such details 
where ordinary Israeli tourists are con- 
cerned. In any case, Gressel was finally 
informed on 21 January 1984 that he 
would have to go to the Indian Embassy 
in Rome for a visa. This he refused to do 
because it was contrary to the original 
promise, would cost him US$200 more for 
an additional stopover and, as he cabled 
Chand, ‘the Indian embassies concerned 
usually claimed to have no record of their 
request” 

This is only one of many instances where 
Israeli researchers have been prevented 
from attending international meetings in 
India, but no less troubling, says Dr Baruch 
Eyal, head of the Division of International 
Scientific Relations in the Israel National 
Council for Research and Development, is 
the fact that many Indian scientists invited 
to take part in meetings in Israel were pre- 
vented by their government from doing so. 

Meanwhile, Professor Gressel and Dr 
Rokem are waiting for some action — even 
if only after the fact — from Professor H. 
G.Schlegel, chairman of the International 
Committee on Economic and Applied 
Microbiology, a sponsor of the 
symposium. Nechemia Meyers 
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UK science 
Declining 
and parasitic 





Sik Hermann Bondi, chairman of thë" 


Natural Environment Research Council, 
warned this week that British science is in 
decline and that without substantial 
transfers of resources British environmen- 
tal scientists will be unable to play an inter- 
national role. Sir Hermann was thankful 
that the government had maintained a level 
science budget within its overall public ex- 
penditure policy. But he pointed out that 
many of Britain’s competitors are increas- 
ing their capabilities while British science 
‘tis standing still on an escalator that is go- 
ing down’’. 

Sir Hermann argued that cooperation 
betweeen ships and satellites is essential for 
the future development of marine research. 
But, he said, at present there is no money 
for oceanographers, geologists or 
ecologists to contribute instrumentation 
for satellites. All they can do is to analyse 
information from others’ instruments; and 
{T do not believe that a situation where th 
scientist depends on the kindness of others 
is one that is tenable for much longer’’. 

The National Environment Research 
Council was recently told by a House of 
Lords Select Committee formally to liaise 
with the Science and Engineering Research. 
Council on basic research. Some joint pro- 
jects concerned with remote sensing (see 
Nature 16 February, p.586) have been in 
difficulties because of questions about 
areas of responsibility — and, of course, 
financial support. Tim Beardsley 


Nuclear waste rules undecided 


DELEGATES at the London Dumping 
Covention last week failed to reach a deci- 
sion on whether the “emplacement” of 
high-level radioactive wastes under the sea 
bed comes within its purview. 

The issue has become controversial 
because it is claimed that recent research 
shows that loading wastes into torpedoes 
that would penetrate deep beneath the sea 
bed is at least feasible. But disposal at sea of 
high-level waste is specifically outlawed by 
the convention: hence the legal argument 
which occupied a good part of last week 
over whether the sea bed includes the earth 
below the sea bed. Nations which are pro- 
ducing high-level wastes figured pro- 
minently among those who held that sub- 
sea bed emplacement is outside the terms of 
the convention, while Spain and some 
Scanadinavian countries were notably in- 
clined to the opposite view. The time- 


honoured solution eventually reached was | 


that a decision should be put off until the 
convention meets again next year, when 
pollution by plastics will also be con- 
sidered. 

A year ago, the convention adopted a 


resolution calling for a temporary halt to 
dumping of all radioactive wastes until 
such time as the consequences have been 

fully explored by a scientific working” 
group, and since then the legal niceties of 
the question have been scrutinized. Last 
week it was eventually agreed that the 
group would be drawn from a panel of im- 
partial scientfic experts drawn up by the In- 
ternational Council of Scientific Unions. 
The group’s recommendations will be 
made and examined by representatives of 
the 53 contracting parties to the convention 
before next year’s meeting. As this is likely, 
in the words of the convention, to be an 
‘onerous task”, next year’s meeting has 
been postponed by six months until August 
1985. This means, incidentally, that the 


moratorium on even low-level dumping is” 


also effectively extended, a fact which” 
caused some joy to environmental groups, 
Britain is opposed to, and has never 
recognized, the moratorium but the matter 
has become somewhat academic since in- 
dustrial action by the National Union of 
Seamen has prevented Britain’s annual. 
dump taking place. Tim Beardsley 













i - Biotechnology 


NEWS 


Interferon patent contested 


... Boston and London 


„ BIOGEN NV has scored a provisional vic- 
ory in the competition to market alpha 
” (leukocyte) interferon. The European Pa- 

tent Office has formally notified the 

biotechnology company, based in Cam- 
bridge, Massachusetts, and Geneva, 

Switzerland, that it will receive a product 

patent for its alpha interferon synthesized 

by recombinant DNA technology. The pa- 
tent could bring Biogen and its licensee, 
Schering-Plough Corporation, commer- 
cial dominance in selling alpha interferon 
{trademarked Intron) in the important 
European pharmaceutical market. 
Genentech, the South San Francisco 
biotechnology company, is crying foul, 
and plans vigorously to challenge the Euro- 
pean Patent Office’s action during the nine 
month appeals period after the patent’s 
issue, which may yet be some months away. 
According to Genentech and its partner F. 
Hoffman LaRoche and Co., it would be 
-wrong for Biogen to receive a patent cover- 
ng production of any cloned alpha- 
interferon in bacteria, yeast or mammalian 
cells 
Biogen’s patent application refers to 
recombinant DNA molecules and pro- 
cesses for the. production of human in- 
terferon alpha-like polypeptides. The in- 
itial research, carried out at the University 
of Zurich, led to a paper in Nature (284, 
316; 1980) describing the production in 
Escherichia coli of a polypeptide with in- 
terferon activity. But according to 
Genentech the patent related to this work 
should only cover the cloning and produc- 
tion of a precursor to alpha inteferon, not 









yokyo 
"YAPAN is to increase its stake in Antarctica 
with the building of a third permanent 
research station for the national polar 
research institute (NIPR). The go-ahead 
for the new base came directly from An- 
tarctica after ten members of the 25th sum- 
mer Antarctic expedition, accompanied by 
-NIPR head Takeshi Nagata, reached the 
proposed site in four snowmobiles and a 
3 helicopter last week. 

The new research station will be built 
close to the now abandoned Belgian base of 
Roi Baudouin at the foot of 3,180 Mt Ser 
Rondane (71.38, 24.4E), 100 km inland 

P from Breid Bay and 650 km from Japan’s 
‘farge Showa base on Ongul Island, Lutzow 
— Holm Bay. Weather permitting, use of the 





base will begin in the next Antarctic sum- | 
| now by far the largest in the world. As two- 


mer. Seven or eight scientists will soon be 


- able to overwinter, adding to the fifty-five | 
. Japanese already in permanent occupation | 


at. the Showa and smaller Mizuno bases. 


-Funds for the new station will be pro- 
-vided by an increase of NIPR’s annual 






the mature interferon that is biologically 
cleaved from it. Genentech’s work was 
published in Nature six months after 
Biogen’s (287, 411; 1980) and its patent ap- 
plication, filed six months after Biogen’s, 
claims priority for producing mature in- 
terferon. 

Biogen notes that this will be the first pa- 
tent issued for a commercially significant 
product from the biotechnology industry. 
It is aggressively seeking issue of a US pa- 
tent, and plans quickly to enforce its ex- 
clusive rights to European manufacture 
and sales. Biogen vice-president Peter 
Feinstein says that the company will soon 
inform its competitors that they must cease 
European production, although it is 
unlikely that any notice will be taken of 
such a demand. 

Schering-Plough has sought regulatory 
approval for two uses of alpha interferon in 
cancer therapy. Last year multiple 
myeloma, malignant melanoma and 
Kaposi’s sarcoma were among the condi- 
tions where it was said to have therapeutic 
potential. The extensive clinical trials and 
regulatory hurdles that must be passed for 
approval of new cancer treatments will pro- 
bably prevent the drug — no matter who is 
making it — from reaching the market for 
at least another year or two. 

The immediate beneficiaries of alpha in- 
terferon will be patent lawyers, who are 
now rubbing their hands with glee at the 
prospect of what is likely to be a prolonged 
case. And with Biogen also seeking patent 
protection for beta and gamma in- 
terferons, there is likely to be much more to 
come. Christopher Earl & Tim Beardsley 


More Antarctic chill for Japan 


budget to 3,300 million yen ($14 million). 
Tatsuro Matsuda, head of NIPR’s research 
division, stressed that the new station, like 
those already established, will be used 
purely for academic research. 
Meteorology, glaciology, geology and car- 
tography will be the principal areas of 
investigation, together with participation 
in the auroral and middle atmosphere 
study programme for which rockets and 
balloons are launched from the Showa 
base. Despite increasing pressure from the 
commercial exploitation of Antarctica, 
NIPR has no intention of undertaking any 
estimates of potential mineral reserves, 
said Dr Matsuda. 

Within Japan itself, most pressure for 


the commercial exploitation of Antarctic 


resources comes from the fishing industry, 


thirds of the catch comes from foreign 
shing grounds, many of them within 


| other nations’ 200-mile economic zones, 
: the advantages of ‘exploiting Antarctic krill 
. are oe o 


Alun Anderson 
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Paranormality 


for Edinbur 


CLAIRVOYANTS, spoonbenders an 
boasting paranormal talents will 
needed for research to be condu 
University of Edinburgh. The universi 
to become the first in Britain with a pro- 
fessorial chair in parapsychology, and the 
successful applicant could be appointed as a 
early as September. ae 

The chair is supported from the estate of ; 
the late Arthur Koestler, who committed _ 
suicide with his wife last year (see Nature — 
302, 93; 1983). Koestler became increasing- _ 
ly preoccupied with mystical matters 
toward the end of his life, and left a sum 


„and whats mote, | 


can divine. whats 
TEN. Worn under the. 





believed to be in excess of £500,000tomake 
permanent provision for a chair. The 
Koestler Foundation has pledged the in- o 
terest from a similar sum tō support ao 
research programme. oa 

Executors of Koestler’s will had to 
choose between three serious contenders = 
for the endowment — Edinburgh, City 
University, London, and the University of 
Wales. Edinburgh was chosen, according 
to Dr John Beloff, one of Koestler’s ex- = - 
ecutors and a member of the psychology- 
department at Edinburgh, because it was 
able to offer the best facilities: several © 
rooms will be made available for the new 
professor in the psychology department. bas 
But Beloff will not himself be applying for 
the post, although he does carry out 
research in the field. 

Announcing the establishment of the 
chair, Dr John Burnett, principal of the 
University of Edinburgh, said that after 
widespread consultation it was clear there 
was overwhelming support within the 
university for the idea. The new professor 
will carry out research into ‘‘the capacity 
attributed to some individuals to interact 


| with their external environment by means 


other than the recognized channels”. Dr- 
Burnett said that the investigations were = 
likely to lead to new knowledge, whatever oF 
their outcome. = 
Tim Beardsley 








Diablo Canyon safe 
Sir — In the news article “Disaster by 
many small cuts’” (Nature 306, 631; 1983), 
the following statement was made about 
the Pacific Gas and Electric Company’s 

nuclear power plant at Diablo Canyon. ‘‘In 
California the two reactors at Diablo Can- 
yon have only just received permission to 
> load fuel after a year’s delay caused by the 
last-minute discovery that the reactors, 
built above the San Andreas fault, would 
not be able to meet NRC requirements for 
withstanding earth tremors.”’ 

In fact, however, the Diablo Canyon 
power plant is located 60 km from the San 
Andreas fault. and its safety in the event ofa 
magnitude 8+ earthquake on this fault has 
never been questioned. 

On the nuclear power stage, there are 
three principal actors: the power company 
that wishes to construct the plant, the 
Nuclear Regulatory Commission that acts 
as referee and the organized opposition 
that does not want a power plant built at 
that location, The statements of these ac- 
tors are widely reported by newspapers, 
especially those issued by the opposition. 
Unfortunately, the views of the engineers 
who design nuclear power plants and the 
views of the informed engineering com- 
munity are neither reported nor sought by 
the news media. Consequently, much 
misinformation has been implanted in the 
public consciousness. G.W. HOUSNER 
Division of Engineering 

and Applied Science, 

California Institute of Technology, 
Pasadena, California 91125, USA 





Nuclear Phoenix 


Sir — Contrary to the report of Stephen 
Budiansky (Nature 19 January p.201), the 
AIM-54 Phoenix is not new but has been 
manufactured since 1973. It is deployed by 
the US Navy on the F-14 Tomcat (the US 
Navy’s carrier-borne long-range inter- 
ceptor), and has been since the aircraft was 
first delivered in September 1973. 

The Phoenix is very well known because 
of the large number of records it holds, so 
the fact that the report is approximately ten 
years out of date is worrying. Is thisduetoa 
singular although very serious mistake or 
does it indicate sloppiness in the 
| preparation of the original manuscript? I 


- hope it is the former because the general 
public is appallingly informed about the 
+ nature and roles of nuclear weapons and 
= there is a real need for properly informed 


debate in the general population rather 
than the rabble-rousing that seems to be the 
present case J.A.A. CAMBERS 
Max-Planck-Institut fiir 
. Molekulare Genetik, 
Ihnestrasse 63-73, 
1000 Berlin 33 (Dahlem), FRG 


o. Stephen Budiansky writes: What is new 


is the development of a nuclear warhead 
_ for this missile.. P E 
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In the abstract | 


Sin — A correspondent recently 
complained about the citing of abstracts 
of conference presentations as literature 
references, primarily on the basis that they 
are not properly refereed. True, but the 
problem does not stop there. For instance, 
in many cases, the abstracts bear little 
resemblance to the paper eventually 
presented at the conference. In clinical 
papers in particular, for instance, the 
number of patients involved in a study as 
reported in the abstract may be entirely 
different from the number reported at the 
conference. 

A greater problem is that many abstracts 
that appear in the proceedings of a meeting 
may actually represent papers that were 
never presented. This is especially true 
of poster presentations. At a recent 
conference on food technology, I found 
that only about 40 per cent of the posters 
listed in the abstracts were actually 
presented. Papers from Eastern Europe 
frequently encounter this fate because 
scientists for whatever reason may find it 
difficult to follow up their preparation of 
an abstract by attending the conference. 

Worst of all, a paper that appears on the 
programme and in abstract form is some- 
times withdrawn at the last moment. This 
happened recently at a leukaemia con- 
ference where, on the basis of the abstract, I 
waited for two days to hear what seemed to 
be one of the more interesting papers at the 
conference. The paper was never presented. 

These criticisms apply less to small 
abstracts with little hard information than 
they do to more extensive abstracts, 
sometimes of full paper length. Although 
the latter abstracts may be very detailed, 
they mean very little if the paper is not 
presented, or if the presenter strays widely 
from the original script. 

Abstracts may be a good guide to what is 
going on at a conference, but it is laughable 
to consider them as anything more than a 
remote approximation of scientific reality. 

JOHN F. HENAHAN 
118 Ballinclea Heights, 
Killiney, Co. Dublin, Ireland 





+ + 

Biophysics 

Sır — The leading article on biology as part 
of physics encourages me to make a general 
remark on holistic versus reductionist ap- 
proaches in physics. Since the number of 
microstates increases exponentially with 
the number of particles, N, say 10‘, even a 
super computer could, in the life time of the 
Universe, solve only for N=20 unless 
systematic ways of finding them exist. 


(Compare my article on the connection of | 


macro and micro physics, Riv. nuovo 
Cimento 3, 490; 1973.) Macroscopic equa- 
tions, such as the Navier-Stokes equa- 
tions, can, however, be derived from 
macro-physics without actually solving the 
N-body problem. This requires the defini- 


tion of appropriate macro-concepts, such | 


as current density, in terms of micro- 
concepts. 

-When one is far from equilibrium, as in 
biology, a basic problem arises — namely 
to find the relevant macro-concepts. Struc- 
ture alone is insufficient as active systems 





are highly excited, and hence new macros 


properties arise which cannot be found byl 
systematic investigation of the N-body pro- 
blem. From this viewpoint, the holistic and 
reductionist approaches supplement rather 
than contradict each other. 

H. FROHLICH 
Department of Physics, 
University of Liverpool, 
Oliver Lodge Laboratory, 
Liverpool L69 3BX, UK 





Creative paradigm 


Sin — The article on creationism in Texas 
(Nature 306, 528; 1983) points to what may 
be a more general problem in basic educa- 
tion. Compared with the difficult choices 
on complex issues that students will have to 
make when they are adults, the question of 
human origins is benign. So instead of simp- 
ly absorbing ‘‘facts’? in the classroom, 
should not students be learning how t- 
evaluate information derived from dits — 
ferent sources, taking into account the 
reliability of the source, the accuracy of the 
information and the consequences of their 
misinterpretation of the material? 

This skill must be taught and encourag- 
ed; it requires a good working knowledge 
of language, particularly the ability to read 
a passage accurately and critically. Let 
creationism and evolution be discussed if 
that is what teachers, students and parents 
desire, but present the issues in such a way 
that students learn the difficulties inherent 
in evaluating historical material. For exam- 
ple, originally the Bible was not written in 
English or any other contemporary 
language in common use, and so we must 
question whether the authors intended tag. 
say exactly what has reached us after cen- 
turies of translation and revision. 

Why not use this controversial issue as a 
way of training students in the proper 
evaluation of facts and ideas? Any idea 
worth being taught and passed on to the 
next generation ought to be able to stand 
up to comparison and criticism, and unless 
students learn this in school, they will 
become adults who are ready to believe 
anything. J, POTTER 
Strawberry Hill, 

Bar Harbor, Maine 04609, USA 












Lesson in objectivity , 
Sik — ‘‘Just how. objective is science” by™ | 
N.S. Hetherington (Nature 306; 727 1983) 
was interesting and objective. However, I 
think science is objective by definition. I 
would have entitled the article: ‘‘Just how — 
objective are scientists?” 

O- J.M. GoLDSCHVARTZ 
Clavecimbellaan 273, 
2287 VK Rijswijk zh, The Netherlands 





What economists have to say 
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J eremy Bray* 


The newly-appointed Labour opposition spokesman on science and technology i in the British 
House of Commons argues that scientific method itself is the most important contribution that 
the science of economics has to make to government. 


MY message, to echo Kennedy’s Inaugural, 
is, “Ask not what government can do for 
science. Ask what science can do for 


: government.’ While science and tech- 


nology can usefully give the cornucopia of 


=. material goods a further shake, their more 
-.< diffieult and more rewarding task is the 
CAE contributing of ideas. 


The most important contribution that 
‘science has to make to government is scien- 
tific method itself. Take food policy as an 
example. The indications are that a reduc- 
tion of salt, sugar and saturated fatty acids 
and an increase of dietary fibre in the diet 
“of the nation would substantially reduce 
mortality and improve health in the middle 


“years of life. The evidence is sufficient to 





ae disarmament: 






have persuaded the better informed to take 
account of it in their own diet. Mortality 
and ill health is worse in working class 
areas, which are more exposed to the 
pressures of the market place. 

The government could wait (as it has 
tended to do over smoking and lung 
cancer) until the last “i” is dotted in the 
scientific evidence. Or it ae say, ‘‘Thisis 
the balance of the evidence. We recom- 
mend — but will not of course enforce — 
these dietary goals. We are taking these 
measures on food labelling, availability of 
processed foods, meat grading, animal and 
plant breeding research, public catering, 
food and agricultural subsidies, and health 
sducation. We shall monitor diet and 


health, and step up medical research in the 
field. We shall consult and inform the 


public fully as we go.” 

The former course is to treat scientists as 
oracles. The latter is to involve the public in 
scientific method. That it is also more 


-. democratic and responsible government is 
. no accident, 


“As another example, take nuclear 
Consider the following 
‘result in the theory of dynamic games, pro- 


-duced recently by the mathematician Steve 


Smale. Two prisoners ina cell can each play 
easy or tough. If one plays tough, and the 


_ other plays easy, the first scores 3 and the 
-agSecond 0. If they both play easy they each 
~® score 2. If they both play tough they score 






1, There is no interesting solution of the 
single play prisoner’s dilemma. But in the 


-> fepeated play Smale defines a “good 


strategy” as one in which one player creates 





-i Jeremy Bray first entered the House of Commons in 1962 
o vand'served in the Labour Government of 1964-70, 





Situation in which the simple self-interest | 
of the other is also to follow a “good 


strategy”, and the average score converges 
on 2-all. One such good strategy is to play 


easy if your average score is over 2, and to. 


play tough if it is under 1. Between 1 and 2 
you play easy if your average score is higher 
than the other player’s, or only a little bit 
lower. (Steve Smale, “The Prisoner’s 
Dilemma and Dynamical Systems 
associated to Non-Cooperative Games”, 
Econometrica 48, No. 7, 1617-34; 1980). 
No such logic has been presented in Britain 
for the deployment of Trident, Cruise or 
Pershing missiles. And it demonstrates 
neatly the inevitability of unilateral actions 
in a multilateral situation. The choice is 
between unilateral actions which escalate 
or de-escalate the confrontation. 

The field of government with the widest 
need for scientific method. is economic 
policy. It is not necessary to argue whether 
or not economics is ascience. It is sufficient 
to argue that the economics used by 
government has been falsified science. 

Like so much else in science, economics 
is in a healthy state. The economy and 
often the teaching of economics are not. 
But in micro-economic theory, the theory 
of the interaction of individual economic 
agents is well set out mathematically: The 
result is not an- atomic theory of the 
behaviour of individuals on the model of 
the old physics, on which a kinetic theory 
and properties of matter can be built, but 
rather a means of describing and exploring 
the very different kinds of behaviour in the 
large that emerge from different behaviour 
of individuals. 


Much current interest focuses on | 


behaviour in which the individual is in- 
fluenced not merely by present conditions, 
but by his expectations of future con- 


ditions, formed. from a true model of the | 


system. There is the highbrow theory which 


looks at how individuals learn to form their 
- expectations in this way. And there is the 


middlebrow theory which looks at the 
behaviour of the system when they have 
learned. 


But now suppose the individual is not. 


just maximizing his own objective function 


with an adaptive stochastic control | 


algorithm. If he is watching the strategy of 
other individuals, and adapting his 
algorithm in the manner of the Smale 


- result, and other individuals are doing the 


same, what kind © meta-game results? 
Furthermore, sine individuals in fact act 
by rather simple rules of thumb, what rules 
of thumb wil eee to this 








expose Friedman’s errors in seeking to 


_ target trajectory for the uaa of mone 





behaviour? And what are- the rales. of $ q 
thumb and the properties of the system, 
which: produce the tendency which we — 
observe so often for the system spon- — 
taneously to develop progressively higher 
levels of organization, in apparent con- aS 
tradiction of the second law. of: ‘ther- 
modynamics? What makes behaviour flip 
spontaneously from one pattern of _ 
organization to another? Then, to makea 


_ huge leap, what are the influences thatcan 


be brought to bear in national policies 
which will make the flips benign, within e 
and between nations? E 

In fact it is not a leap. There is mnie ae 
work going on in between of equal interest nee 
and merit in its own right. The macro- _ 
economists, working generally with2to10 _ 
equation theoretical models of national 
economies, have paralleled the work ofthe 
microeconomists, exploring the properties. a 


_ and policies of closed and open economies, 


with capital flows as well as trade, forward es 
looking expectations, limited information oe 
and uncertainty. ne 

At the empirical stage, econometrics has 
become a sophisticated branch of applied ce 
statistics over the past 20 years because of __ 
the difficulty of drawing statistically sound 
conclusions from the short samples of data 


_ with high measurement errors generated by 


the uncertain. and changing relationships wish 
inherent in economics. ay 
The balance of evidence of all this work; ey 
micro and macro, theoretical and em- 
pirical, has been effectively ignored by me ae 
government. ae 
Following our work and representations cae 
on the Treasury and Civil Service Select 
Committee in the last parliament, the 
Social Science Research Council (now the oe 
Economic and Social Research Council), 


` together with the Treasury and the Bank of 
_ England, set up a Macroeconomic Centre 


at the University of Warwick to test and 


compare the large empirical models and 


the forecasts produced from them. 
The latest study of Friedman’s work car- 
ried out recently by Hendry and Ericsson 


for the Bank of England Panel of 


Academic Consultants (Panel Paper No. | 2 
22) is not. an anti-monetarist polemic. They 










analyse complex stochastic processes while 
eschewing modern econometric methods: 
He has not established any sense in which 
the velocity of circulation of money is coi 
stant, nor has he established that. setting 






10 


_ is a satisfactory basis for policy. 


When the Chancellor of the Exchequer, _ 


Mr Nigel Lawson, was asked in the 
Treasury and Civil Service Select Commit- 
tee (Minutes, 19 December 1983) for his 
response to Hendry’s criticism of Fried- 
man, he replied that the questioner’s belief 
-that the government’s policies are based on 
the writings of Friedman was ‘curiously 
unhistoric’’. They represented, he said, 
“the prevailing approach during the period 
of most of the growth that has occurred in 
the Western world’’. A minister of health 
faced with an epidemic would not boast 
that he was tackling it by the public health 
methods which had stood Britain in such 
good stead for the past 200 years, including 
the period of fastest population growth. 

When the intellectual history of 
economic policy-making in the period 
1976-83 comes to be written, it will be seen 
as a scientific scandal comparable with the 
Lysenko controversy, but more damaging 
in its effects. In the Soviet Union, Lysenko 
did useful work shortening the ripening 
-period of cultivated plants by temperature 
influences at the start of germination. But 
he built on it a theory that it was possible to 
change the heredity of plants, sharply attack- 
ing the biology of the West. It was sup- 
ported by Zhdanov, the best educated 
member of the politburo, and endorsed 
pusillanimously by the Soviet Academy of 
Sciences. Dissenting scientists were remov- 
ed from research and in some cases ar- 
rested. We do these things differently in Britain. 

Technical economics has become highly 
mathematical, requiring a good grasp of 
linear algebra, analysis, set theory, 
calculus, convexity, maximization subject 
to constraints, dynamical systems, pro- 
bability, statistics, stochastic processes, 
econometrics and control theory. And 
those are just the basic tools. The Times, 
the Financial Times and The Economist do 
not employ economic correspondents who 
can read technical economics, so.it is never 
explained to the lay public. It is as if no 
science correspondent had ever solved 
Maxwell’s equations or sequenced a DNA 
molecule. 

Nor is the economics profession ‘itself 
always able to cope with the mathematics. 
It is not just the older generation. There isa 
vested interest in keeping the mathematical 
standards for entry to economics depart- 


ments low to keep up student numbers. 
¿> “Most schools, unaware that economics has- 
<. become so mathematical, encourage 
_» mathematically gifted students to go into 
_. the physical sciences. Most universities 
here and abroad do not have enough staff 
able to teach good undergraduate courses 
jn technical economics. When vacancies do 
> arise there is sometimes a majority on the 


appointments committee organized to 
keep out technically competent economists 
to avoid showing up less competent present 
members of the faculty. The cry to appoint 
a Marxist development economist rather 
T than a mathematically trained economist 
<o. has gone up recently in more than one 


university. It would have attracted. the 


withering scorn of Marx himself, and it isa 
betrayal of developing countries that they 
should be sold inferior techniques. _ 

Research budgets have been cut instead 
of being increased to tackle the problems 
that needed to be resolved. Governments 
dodged serious well formulated technical 
questions about their own policy, and the 
nation reaped the consequencies. 

Against this background, in the seven- 
ties, the old Keynesian establishment had 
no politically workable answer to inflation. 
Its members knew nothing of the 
techniques and results of modern technical 
economics. When the challenge of 
Friedman and his generation of 
monetarists came along, with its strong 
political implications, they attacked it with 
the bows and arrows of their generation. 
The younger generation of monetarists 
were no less politically motivated than their 
elders, but they put forward technically 
interesting and important ideas such as 
rational expectations and private agents’ 
responses to changes in government policy. 
This was getting out of the depth of the 
more literary-minded monetarists. It was 
absorbed more quickly by the wider more 
eclectic school of technically trained 
economists such as Miller and Buiter, 
returning to Britain from the US graduate 
schools at Yale, Princeton, Harvard, MIT 
and Stanford. Now we havea generation of 
economists well trained technically, who 
between them cover the whole range from 
theoretical micro to applied macro and in- 
dustrial. 

There have been parallel developments 
in the United States and in the very impor- 
tant area of international economics. In the 
research and international departments of 
the Federal Reserve Board in Washington, 
at Princeton University, the University of 
Pennsylvania and elsewhere in the United 
States, and in Japan, preparatory work on 
international economic cooperation and 
the international monetary system is going 
ahead in anticipation of the return of a 
political climate favourable to cooperation 
in the United States, Europe and Japan. 

After the scandal of monetarism, and in 
Britain the debacle of the old Keynesians, 
we are ready to pick ourselves up and dust 
each other down. The scientific community 
which is best equipped to understand the 
technical work of its economist members 
can help in the exposure of past errors and 
the design of future policy. 

Lord Flowers has expressed the hope 
that abundant computer power will make 
technology more accessible to the 
mathematically untrained (Keynote 
Address to Second World Conference on 
Continuing Engineering Education, Paris, 
April 1983). Whether or not that is likely in 
the physical sciences and engineering, it is 
happening in technical economics. By 1988 


and the next election, inexpensive publicly | 
available microcomputer models of 


business enterprises and public authorities 


_ will be linked to national economy models, 


if not by the enterprises themselves, then by 
their employees, trade unions and 


| investment analysts. The macro-modellers 


wishing to survive will be incorporating the 
feedback. They will then be presenting, not 


mirages after the manner of current ... 
forecasts of the unforecastable, but aay 






channel of communication, cooperation 
and competition between independent but 
interacting agents. The possible 
performance of such a system is of course 
superior to that of purely competitive 
games conducted in ignorance of the 
technology and plans of other players. 

The shape of the task which we face in 
returning to full employment is best set out 
in the industry and occupation projections 
of the Institute for Employment Research 
under Professor Robert Lindley at the 
University of Warwick (Review of the 
Economy and Employment, Summer 
1983). Working on the assumption of the 
continuation of present government 
policies, unemployment is not expected to 
fall much below 3 million by 1990, with 
continuing job losses in primary and manu- 
facturing industries, balanced by increases 
in professional and miscellaneous services,» 
construction, and social and publig 
administration. The decline in oil produc- 
tion in the North Sea will cause balance-of- 
payments difficulties by 1990, restricting the 
competitiveness of British industry. We shall 
probably have to expand manufacturing in- 
dustry to contribute to the balance of payments. 
But it is unlikely to create many jobs. 

To restore growth and full employment 
we shall need a much greater effort on the 
balance of payments in manufactured 


goods, since it will deteriorate in oil and 


have limited possibilities for improvement 
in invisibles. The greater the improvement 
in manufactures, the more will the balance- 
of-payments constraint allow us to increase 
employment in services and construction. 

Most of the loss in manufacturing out- 
put since 1979 cannot be restored nowge 
simply by increasing demand because the æ 
capacity has been scrapped. Import con- 
trols offer only temporary relief if they are 
not to produce a permanent loss in real in- 
comes. So the increase in manufacturing 
exports and import substitutes will have to 
be in world competitive products from new 
capacity. 

As Pavitt has argued (Papers in Science, 
Technology and Public Policy, No. 3, 
1983), the realization of competitive 
advantages at the national level depends on 
building company by company on their 
successful directions of development 
within a generally high level of research and 
development and investment activity. It is: 








not a matter of picking winners out of the.” | 


blue, or merely in terms of broad sectors. 
Nor is it a matter of broadcasting largesse 

indiscriminately. n 
The present government will not use the 
powerful information system now develop- 
ing for economic management purposes on 
grounds of principle. I hope the scientific | 
pile 


~ community will. 
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NEWS ANDVIEWS 


the underlying assumptions are better understood. 


WHEN all the bombs go off, will we frizzle 
or be frozen? Or, more accurately, can 
those who survive the first fate hope also to 
escape the second? These are among the 


_ questions raised by the renewed interest 


among geophysicists in the climatic conse- 

quences of several nuclear explosions. It is 

too soon to answer them with any clarity. 
That the surface temperature of the 


-Earth would be reduced if the atmosphere 


of the Earth were laden with dust and 
aerosol after a nuclear war is not, as a 
general proposition, open to dispute. 
Substantial amounts of dust in the 
atmosphere would alter the natural balance 


“əf radiation near the Earth’s surface in 


wo ways, by preventing solar radiation 


energy in those regions of the atmosphere 
where the dust lies, changing the hydro- 
dynamic behaviour of the atmosphere and 
thus the weather in the process. Develop- 
ments such as these are responsible for 
the climatic consequences of volcanic 
eruptions and have also been invoked (in 
conjunction with the arrival of meteoric 
objects) to account for species extinction 
at the end of the Cretaceous (see Science 
208, 1195; 1980). 

Difficulties arise only when attempts are 
made to calculate the climatic conse- 
quences of atmospheric dust. Even the 
empirical correlation of the magnitude of 
volcanic eruption and their climatic after- 





. gyffects is made fuzzy by the variability of 
“Nhe character of the dust and aerosol 


injected into the atmosphere (see Nature 
307, 107; 1984). By expectation and empir- 
ically, the size distribution of the ejected 
material is important for two reasons — 
smaller particles will remain in the 
< atmosphere for longer, while their larger 


| Specific surface area will more directly 


-influence the radiation balance. 

“Much of the recent interest in the recal- 
“eulation of the climatic consequences of 
nuclear war has been stimulated by 
measurements of dust particles from 
eruptions of volcanoes such as Mount St 


- Helens and El Chichon, which have 










- gisuggested that fine material may be unex- 
> pectedly conspicuous. The topic was aired 
at a public meeting in Washington last 


autumn and also at a symposium at the 


: S a meeting of the American Geophysical 


“Union at Los Angeles in December, but the 
<- only published account of the calculations 


|. 80 far is that of Professor Carl Sagan and 
-. his associates (see Science 222, 1283; 1983). 
A committee of me US National Academy 





of Sciences is due to report on the subject 


later in the year. Meanwhile, the article by 


Covey, Schneider and Thompson. (this 


_ issue, p.123) should be regarded as but the 


latest contribution to what seems certain to 
be a prolonged and contentious argument. 

The Sagan calculation, acknowledged 
by its authors to be preliminary, turns on 
the assumptions made about the input of 
dust and aerosol into the atmosphere in the 
aftermath of a nuclear war, but otherwise 
involves a simple model of the energy. 
balance within. the atmosphere. That 
document is less than convincing for two 
reasons — the promised detailed discussion 
of the assumptions remains unpublished, 
while the pardonable simplicity of the 
calculation of climatic effects, innocent as 
it is of the feedback. mechanisms likely to 
occur in the real atmosphere, is likely to 


exaggerate the severity of what is called the | 


nuclear winter. What Covey etal. have now 
done usefully complements this earlier 
calculation, but only on the second of its 
weak points. 

The new model of the Earth’s 
atmosphere is nevertheless sophisticated 
enough to deal with at least low-frequency 
variations of climatic quantities with 
both latitude and longitude, while the 
atmosphere is represented vertically by 
no fewer than nine successive slices. 
Moreover, the new climatic model breaks 
new ground by means of its allowance for 
the occurrence of cloudiness in the lower 
troposphere. The failure to include such 
effects has been one of the weaknesses 
of attempts to calculate the climatic 
consequences of, say, the accumulation of 
carbon dioxide in the Earth’s atmosphere. 
It is not clear whether the new model will 
successfully accommodate these compli- 


cations, and it may even be thought | 
unfortunate that it has been applied to the | 
calculation of the nuclear winter before | 


much has been published of its usefulness 
in more conventional calculations. 


With these reservations, the new calcu- | 


lations do soften the results described 
by Sagan et al. in the expected direction, 


Covey ef al. explain that they have. 
_ arranged in their model calculation that, in 
middle latitudes, solar radiation should be | 


predominantly absorbed by atmospheric 
dust. Virtually none of it will reach to the 


surface in middle latitudes. The conclusion - 





3 ‘nuclear winter will be 
masses of the North- 







is that the grip of 
strongest on the la 


ern Hemisphere (where, it is supposed, the - 
| bombs will go se Some may think it 


wall 





uclear winter not yet esta lishe 


Talk of some of the consequences of nuclear warfare had better be postponed until 





ironic that the territory of the superpowers s 
will be most affected, although this is a 
consequence of the assumptions made 


- about the relative specific heat of land and 2 


sea. r 
The assumptions about the input. of ae 
atmospheric dust are, by contrast, no more _ 
persuasive than those of Sagan etal. Faced _ 
with the understandable difficulty of 
predicting the course of a nuclear war, _ 
Covey et al. conservatively neglect the . 
effects of dust kicked up mechanically, . 


much of which is known from” test 


explosions to be carried into. the strato- Se 
sphere. Instead, they confine their 
attention to the smoke from postwar fires, _ 
which they assume will be enough virtually 
to make the atmosphere opaque to solar _ 
radiation. For want of a technique for _ 
predicting what might actually occur, they ae 
suppose that the smoke will remain in | 
place, neither spreading nor settling, — 
during the twenty days spanned by their. — 
calculations. Correctly, the authors draw 
attention to this limitation of their work. — 
They do not say explicitly, no doubt 
because the point is obvious, that their 
calculated winter must be an exaggeration, 

The result is that while the new calcu- _ 
lation shows that the grip of the nuclear — 


winter will vary from placeto place muchas __ 
does the weather, there is stil along wayto 


go before its intensity can be calculated: 
That unremarkable conclusion, at this 
early stage in the development of climatic. : 
models and in the face of prevailing 
ignorance about the likely behaviour of — 


large amounts of atmosphere dust, should 


cause no surprise. If, on the basis of caleu- 


lations so far published, some people 


should refuse to believe that there would be __ 


a long winter after a nuclear war, they 


cannot easily be refuted. 

Reasonable people will no doubt prefer 
to follow an intermediate course. Because 
some parts of the world’s population 
would not be directly affected by a nuclear 


_war, it is not simply an academic matter to 


consider what the climatic consequences 
would be. Moreover, as Covey et al. point 
out, the problem is interesting. In time, it 
should also be tractable. Until then, - 






however, there is the strongest case for : 


asking that the prospect of a nuclear winte 
should not be made into a more. subs tantia 
bogeyman than it is by those who éa 
wish to avert the prospect of nucle 
such. By clouding the case with disp 
predictions, they are in danger 
ening it. John: 













_, immunoglobulin constant (C) domain. V 
- |} domains differ from immunoglobulin C 
. domains by having an extra loop of se- 
quence in the middle of the folded structure 
(Fig.2). Domain five is not completely 
C-like since it has a V-like pattern of ... 
sequence around cysteine residue 520%- 


The immunoglobulin 
superfamily takes shape 





from Alan F. Williams 


= Jn this issue of Nature on page 37, Mostov, 
: Friedlander and Blobel publish the primary 
structure of a receptor (the poly Ig recep- 
tor) for polymeric immunoglobulin A 
(IgA) and immunoglobulin M (IgM} . Sur- 
prisingly, the receptor is structurally 
related to immunoglobulins, in particular 
their variable (V) domains. Thus immuno- 
globulins and their receptor are members 
of the same superfamily of molecules. 

Cell-surface receptors for immuno- 
globulins play a vital part in immunity by 
transporting immunoglobulins or by trig- 
gering immune effector functions after 
antibodies have bound to antigens. They 
include the IgG receptors of macrophages 
and antibody-dependent cytotoxic cells, 
the IgE receptor of mast cells, a receptor 
for transport of IgG across the placenta 
and the poly Ig receptor for IgA and IgM. 
In the gut, the poly Ig receptor is first ex- 
pressed on the surface of the epithelial cell 
that is exposed to the inside of the villus. 
There it binds dimeric IgA secreted in this 
area by plasma cells. The complex of IgA 
and receptor is internalized into a vesicle, 
transported across the epithelial cell and, 
by fusion of the vesicle with the plasma 
membrane, exposed on the cell surface to 
the lumen of the gut. The receptor is then 
cleaved by a protease to release dimeric IgA 
with about 75 per cent of the receptor at- 
tached to it. The released part of the recep- 
tor is called ‘secretory component’. 
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Mostov and his colleagues now provide | 


the first full sequence data on any of the 
immunoglobulin receptors, enabling a 
model to be drawn for its structure at a cell 
surface and for that structure to be com- 
pared with structures of the im- 
minoglobulin superfamily (Fig. 1). Rela- 
tionships within this family are based on 
the presence of domains of sequence con- 
taining about 100 amino acids that are fold- 
ed into two f-sheets stabilized in a sand- 
wich by a conserved disulphide bond? (Fig. 
2). The immunoglobulin domains and 
segments similar to them are shown by the 
circles in Fig. 1. The poly Ig receptor is 
postulated to have five segments related to 
immunoglobulin domains. It is depicted in 
Fig. 1 looking something like an IgM heavy 
chain, but in reality is probably folded back 
on itself with interactions between the 
immunoglobulin-like domains stabilizing 
the structure. Another notable feature of 
the poly Ig receptor structure is the stretch 
of 103 amino acids postulated to be inside 
the cell. This cytoplasmic tail, which may 
be involved in traffic of membrane vesicles, 
is of impressive size compared with the 
postulated tails of the other molecules in 
Fig.1 (see legend). 

It is striking that four of the five domains 
(labelled V in Fig. 1) of the poly Ig receptor 
clearly resemble immunoglobulin V do- 
mains and Thy-1 antigen’ whereas the fifth 
domain (labelled C in Fig. 1) is more like an 
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although the length of sequence between * 
the cysteines is more like that of a C 
domain. Also in this central region, the 
sequence Pro-Thr-Lys-Leu-Ser-Ser-Ser-Gly 
of the poly Ig receptor can be aligned with 
Pro-Ala-Val-Leu-Glu-Ser-Ser-Gly of the 
C,,1 domain of the human IgG1 (ref.4). 

What does all this mean? Could the 
structural resemblances be due to conver- 
gent evolution to a structural type that 1s 
favourable for expression at cell surfaces or 
are they truly homologous? The strongest 
argument against their convergent evol- 
ution is that the enzyme superoxide dis- 
mutase has a three-dimensional structure 
similar to an immunoglobulin domain’ yet 
does not have the conserved disulphide 
bond characteristic of the immunoglobulin 
fold or any other detectable sequence 
resemblance to immunoglobulin®. 
Therefore, most probably, the molecules inas 
Fig. 1 are related in evolution and share thè 
functional property of being involved in ~ 
recognition events at the cell surface. 
Certainly immunoglobulins are the 
B-lymphocyte antigen receptor and major 
histocompatibility complex antigens in 
association with the foreign antigen on a 
presenting cell are what are recognized in 
T-lymphocyte responses’. However, since 
the poly Ig receptor is not involved in 
antigen recognition, immunoglobulin- 
related molecules can obviously have 
functions other than those immediately 
involved in the immune response to foreign 
antigen. The same conclusion can be drawn 
for Thy-1 antigen since in various species it 
is expressed on neuronal cells and fibro- 
blasts but not on lymphocytes. The 
functions of Thy-1 and Qa and Tla antigenssg. 
(see Fig. 1) are unknown but the identifica- 
tion of mRNA for a probable Qa/Tla anti- 
gen in transformed cells and embryonal 
carcinoma cells has prompted the sugges- 
tion that these antigens are targets for 
natural killer cell cytotoxicity". 

An evolutionary origin for the immuno- 
globulin superfamily has previously been 
suggested on the basis that recognition in cell 
interactions might be similar to that occurr- 
ing between immunoglobulin domains and © 
receptors?:!9, We suggested that molecules 
corresponding to a single immunoglobulin 
domain were first expressed at cell surfaces 
at an early stage in the evolution of multi 








siggy, 





cellular organisms and that these molecules $ 
interacted with receptors on other cells to». . 
mediate cell interactions. Both arms ofthis — 
recognition system may have duplicated _ 
and diverged to provide increasingly sophis- 
` ticated recognition systems to control the 
specificity of cell interactions in tissue 
© structures are predicted from the sequence but not established. The estimated number of amino acids in the |. formation. From these recognition systems R 
ene ye - the immune recognition molecules could 
- have evolved. Although we discussed this: = 


` Fig. t The immunoglobulin: superfamily illustrated at a cell surface. igM is shown as typical for all 

immunoglobulins and.is the antigen receptor of primary B lymphocytes?. MHC antigens are the major 
_ histocompatibility antigens recognized in graft rejection and function as determinants that are recognized along 
- with foreign antigen in T-lymphocyte responses. Data for class I from refs 11,12; for class H from refs 13,14. 
- ‘Thy-1, Qa and Tia are all differentiation antigens expressed on various cell types and are of unknown function. 
- Pata for Thy-1 from ref.15; for Qa and Tla from ref. 12. Ig domains and their homologous sections in other 
- molecules are shown by circles and the letter V or C inside shows whether domains are more like Ig V or £ 
regions. The Š symbols show intrachain disulphide bonds and S-S interchain bonds. N-linked carbohydrate 


` structures are shown by f . For the poly Ig receptor the disulphide bonds and positions for carbohydrate 











> _.‘eytoplasmic tails of each structureisas follows: Thy-1, 0; IgM heavy chain, 3; class | MHC heavy chain, 30; class: 
eee ee li MHC a and f chains, 15 and 10 respectively (refs 3, 11-15). A BG 
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B-sheet Ece | ——> B-sheet 


Fig. 2 B-strands in Ig V and C domains. The top part 
shows, as letters, the regularly spaced patches of 
sequence forming f-strands along the V and C domains 


_and the position of the conserved disulphide (-5-S-} 


bond; the dotted lines show f strands in which sequence 
homology is easily seen. The lower part shows the 
folding pattern of V and C domains with two B-sheets 
laid out and separated by the line down the middle. For 
a C domain, B-strand C continues directly to D (see 
dotted line) while a V domain contains an extra loop of 
sequence as shown by C' and C” (modified from ref. 2). 


ligand-receptor system mainly in terms of 


two different molecular types'®, the data of 


fostov ef al. raise the possibility that a 


have been a sufficient starting point. 
Adhesion between cells expressing the 
same immunoglobulin-like molecule may 
have been mediated by domain-domain 
interactions in a manner similar to that 
seen, for example, between heavy-chain C 
domains as shown in Fig.1. 

In next week’s Nature, data will be pub- 
lished suggesting that T-lymphocyte recep- 
tors are also immunoglobulin-related, a 
finding which will fill a major gap with 
regard to the molecular nature of the 
antigen-recognition molecules. In the 
wider sense it will be of interest to see 
whether all immunoglobulin receptors are 
related to immunoglobulin and to the poly 
ws receptor, and whether other immuno- 


lobulin-like molecules that function in 


various cell interactions or receptor func- 
tions remain to be discovered. Given 
the current. interest in structural studies 
on cell-surface molecules these 
questions should soon be answered. =[] 





Alan F. Williams is Director of the MRC 
-Cellular Immunology Unit, Sir William Dunn 
es School of Pathology, Oxford OXl 3RE. 
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NEWS AND VIEWS — 
Cosmology — 


From quark to cosmos 


from John D. Barrow and Joseph Silk 


THE early Universe has provided particle 
| physicists with an unrivalled accelerator of 


high-energy particles while various ele- 


| mentary particles predicted by exotic 


theories of unification are, to astronomers, 
increasingly attractive candidates for the 
‘missing’ matter in the Universe. The 


‘meeting’ arranged jointly by the European 


Southern Observatory and CERN in 
Geneva was thus a timely forum for 
particle physicists and cosmologists to 
exchange ideas, especially because the 
discovery of the W and Z bosons with 
masses as predicted by the unified theory of 
the electromagnetic and weak nuclear 
forces proposed by Glashow, Salam and 
Weinberg has renewed confidence in the 
unified gauge theory route into the ele- 
mentary particle world. 

The simplest grand unification scheme, 
based on the gauge symmetry SU(5), 
predicts that protons should decay with a 
half life of at most 103! yr. E. Fiorini (Uni- 
versity of Milan) summarized the status of 
the continuing search for proton decay. To 
isolate the rare events due to spontaneous 
decay of protons, extensive shielding from 
atmospheric muons produced by cosmic 
ray showers is required, but, even so, the 
ultimate sensitivity of these experiments is 
likely to be limited to about 10° yr by the 
background neutrino flux, which is high 
enough to produce an event J, + pet + 
n + n°, mimicking proton decay witha 1033 
yr lifetime. 

Preliminary results were reported at 
Geneva from experiments carried out deep 
underground in the Kolar goldfield, 
Kamioka, the Mont Blanc tunnel, the 


Silver King mine in Utah and the Morton 


Salt mine in Ohio. The last experiment 
provides the most sensitive limit so far, a 
minimum half life of 1.5 x 10° yr for the 
proton. Six candidate events, not due to 
externally induced reactions, have been 
found in the other experiments but it is too 
soon to draw from them definite con- 
clusions about the actual proton lifetime. 
But the simplest SU(5) scheme of grand 


unification can now be ruled out. More 


elaborate theories, predicting proton life- 
times of 10°? yr or longer, are readily con- 
structed, however, and have various impli- 
cations for astrophysics. 

One success to report is the possibility of 


explaining the ratio of protons to photons 


in the Universe. Since the photons now 
seen in the 3K background radiation are the 
remnants of equal numbers of particles and 


antiparticles created during the thermal | 


equilibrium of the first instants of the Uni- 
verse, the observed protons represent an 


excess of matter over antimatter. This 


_ *The meeting on ‘The large-scale stricture öf the Universe’ took 


place on 21-25 November 1983. 


and charge parity (CP) violation occurre 
CP violation has indeed been measured 















asymmetry could have arisen naturalk 
during the first 10-5 second (whereafi 
the grand unification symmetry 
broken) provided that protons dec: 


Kaon decays, but no connection with the 


early Universe has been demonstrated, 


Another expectation of all but the 
simplest of SU(5) theories and of more. 
exotic unification schemesis that neutrinos _ 
should have non-zero mass, although, as 
the experimenters indicated at Geneva, the __ 
theories have not been able to make useful __ 
predictions of it. Astronomers have _ 
enthusiastically welcomed this develop- 
ment, for even an electron neutrino massof ae 
10% eV could, by means of its associated a 
oscillation into other neutrino types, help - n 
account for the observed paucity of solar _ 
neutrinos. A mass in excess of 1 eV would: 
be significant, since neutrinos would then __ 
contribute more than stars to the mass _ : 
density of the Universe. The Universe _ 
would be closed if the neutrino mass were 
between 25 and 100 eV, the uncertainty: 
arising because of a factor of 2 uncertainty | 
in the Hubble constant, whose square 
determines the critical closure density. The. 
number of neutrinos is predicted precisely 
by the big bang theory, although the mass oo 
could be spread among several species. _ - 
Several speakers (P. Darriulat, D. 
Schramm) pointed out that the existing 
CERN UA1/2 data on Z° decays already 
allows an upper bound of about twentyto 
be placed on the number of neutrino types, oe 
although this limit involves assuming atop —__ 
quark mass of about 30 GeV. Pano 

Mössbauer (Munich) reviewed the 
results of neutrino mass experiments. The 
only positive result that is currently not 
contradicted by other experiments is that 
of Lyubimov and co-workers in the Soviet 
Union, which measures the energy distri- 
bution of electrons from tritium decay —— 
energy conservation yielding information — 





about the neutrino mass. The experimentis 
‘difficult, but the most recent result after 


several years of data accumulation is that 
the electron neutrino has a mass of at least 
20 eV. Unfortunately, no members of the 
Soviet group were present to give a detailed 
account of this crucial experiment. 

Of the two other classes of experiment, 
one measures neutrino oscillations, the 
conversion of electron neutrinos into mu or. 
tau neutrinos which occurs with unknown 
probability if either neutrino has a finite © 
mass. Experimental results using -targets 
near nuclear reactors now rule out a mass 
difference between the two neutrino 
species of less than about 0.1 eV — 
provided the mixing probability is not very 


small. Unfortunately, theorists have no 


























clue as to the likely range of mixing proba- 
bility, so these experiments are not really 
conclusive. 


If neutrinos are their own antiparticles 


(that is, are Majorana rather than Dirac 
particles), the probability of neutrinoless 
double f decay is greatly enhanced, and T. 
Kirsten (University of Heidelberg) 
reported a limit of 6 eV for the electron 
neutrino mass from studies of the decay of 
the geochemical abundances of Te and 
30Te, Similarly, laboratory experiments 
on Ge yield a limit of 14 eV. These limits 
conflict with Lyubimov’s experiment only 
if the electron neutrino is of Majorana 
type. Direct limits on the masses of the mu 
and tau neutrinos. are much weaker, 0.5 
and 250 MeV respectively, and the tau 
neutrino has yet to be discovered. 

At Geneva, these results set the stage for 
the cosmologists. Speculations are rife 
about the nature of the dark matter in the 
Universe, the case for whose pervasiveness 
was eloquently argued by S. Faber (Uni- 
versity of California, Santa Cruz) on the 
basis of direct determination of the ratios 
of mass to luminosity in single galaxies, and 
in groups and clusters of galaxies. [A. 
Sandage (Mount Wilson and Las Capamas 
Observatories, Pasadena) showed how far 
we still are from a direct determination of 
whether the Universe could actually have a 
closure density in dark matter.] The candi- 
dates canvassed range from elementary 
particles of mass 10° eV up to super- 
massive stars and black holes at 10° Mo, 
allowing some 77 decades of mass for 
speculation. 

Neutrinos with non-zero mass provide at 
least a verifiable hypothesis, and theories 
of the large-scale structure of the Universe 
have now so advanced that observations of 
the galaxy distribution can be used to test 
jt. The argument went like this. 

Inflationary scenarios for the early 
expansion predict that the mean density is 
almost exactly at the closure value. Since 
the primordial synthesis of deuterium and 
helium in the big bang would conflict with 
observational evidence if the density in 
baryons were more than 10 per cent of the 
closure value (J. Audouze, Institut 
d’ Astrophysique, Paris), the Universe can 
be at closure density only if non-baryonic 
matter is sufficiently abundant. Massive 
neutrinos probably cannot play this part, 
for reasons that have only emerged in the 


= course of detailed comparisons with the 


observed large-scale structure of the 
“Universe. Oort (University of Leiden), in 
an account of the very large-scale structure 
-of the Universe, described the enormous 
structures, extending up to 50 Mpc, that 
appear in three-dimensional catalogues of 
the galaxy distribution. Yet, according to 
D. Wilkinson (Princeton University), 
- the Universe is isotropic and homogeneous 
to better than 1 part in 10° in the distri- 
bution of the 3K background radiation 
when the 180° anisotropy due to our 


theless suggested rather promising agree- 


otion is subtracted. Earlier studies never- 





-mentin a universe dominated by neutrinos 


of non-zero mass; a natural scale emerged, 
determined by the maximum distance 
neutrinos could stream freely as the uni- 
verse expanded before they slowed down 
on account of their mass. Below this scale, 
roughly matching that of a supercluster of 
galaxies, no pre-existing fluctuations 
would have survived, while the first struc- 
tures to collapse and form galaxies would 
have had supercluster scale. Ya. B. 
Zeldovich first showed that highly 
flattened pancake-like structures would 
inevitably develop, and fragment into 
galaxies. 

Numerical simulations of non-linear 
collapse by C. Frenk (University of Sussex) 
and his co-workers have now revealed a 
possibly fatal flaw in the neutrino pancake 
model. The larger the first non-linear scale, 
the later collapse must occur if the galaxy 
distribution is to be clustered in the mean to 
the extent observed. So galaxy formation 
must have occurred at an unacceptably 
recent epoch if the Universe is at critical 
density due to massive neutrinos. More- 
over, constraints from the small-scale 
isotropy of the cosmic background 
radiation also eliminate any plausible 
model for a baryon-dominated universe (J. 
Silk, University of California, Berkeley). 

These arguments are not yet ironclad, 
but are sufficiently persuasive to direct 
cosmologists towards other candidates for 
the dark matter, of which the most 
attractive is a class of particles collectively 
labelled ‘cold relics’. Their velocity 
dispersion has always been negligible over 
all scales of interest for large-scale 
structure, which implies that primordial 
fluctuations, arising for example in the 
inflationary era, would survive and event- 
ually be gravitationally enhanced. The per- 
sistence of small-scale structure, however, 
implies that galaxies are the first objects to 
form, but there is expected to be sufficient 
power on large scales that pancake-like 
structures should still develop. 
Inflationary models of the Universe 
provide the theoretical backing for this 
expectation: not only can they yield a 
source of fluctuations but, by producing 
them on all scales, lead to a unique pre- 
diction for large-scale structure. 

The candidates for the cold particles 
include massive photinos and axions. A 
photino is predicted by supersymmetry to 
be the fermionic partner of the photon, and 
is likely to be long-lived. The axion is a 
coherent field invoked in the theory of 
strong interactions to circumvent the 
prediction of a strong CP violation that is 
in disagreement with experimental limits. 


In ordinary grand unification schemes, the | 


axion is a boson that, because of its initial 
coherence, is born essentially at rest when 
the electroweak symmetry is broken. 
Despite their exotic origins, there have 
been recent proposals to measure the 
masses of both photinos and axions. Thus 
D. Sciama (Universities of Oxford and 


Trieste) pointed out that photinos of mass ! 


in excess of about 0.5 GeV would undergo 
annihilation with antiphotinos, and that 


while surviving photinos could conceivably 
be numerous enough to give a critical 
density, mutual annihilations would result 


in a possible detectable background flux of 
y radiation. As for axions, while the^" 


individual mass is only about 10~ eV, there `` 
would be about 10° axions per photon in 
the background radiation at closure 
density, and this large cosmic flux would be 
further enhanced by axion infall into our 
local galactic environment. So, in a low- 
temperature laboratory experiment 
proposed by P. Sikivie, axions would 
interact with a strong inhomogeneous 
magnetic field; those with a mass in the 
range required to supply the dark material 
in the halos of spiral galaxies, having a 
Compton wavelength in the microwave 
range, might be observable as microwave 
emission. 

Inflationary theories as such did not 
receive as much attention at Geneva as at 
previous gatherings of particle physicists 
and cosmologists. Despite their appealing 
simplicity — no surviving magnetic mono- 
poles, the present density within one part in. 
a million of the closure value, large-scal 
homogeneity with a scale-free spectrum of 
inhomogeneities superimposed — theore- 
tical justification has proved evasive. D. 
Nanopoulos (CERN): gave an overview of 
the inflationary universe model and 
stressed some of the severe problems that 
have been recently pointed out. It appears 
that, at present, inflation remains an 
appealing idea but that there is no working 
model that agrees with all the observational 
constraints. 

A highlight of the meeting was the talk 
by S. Hawking (University of Cambridge) 
in which he reported recent work per- 
formed in collaboration with J. Hartle 
(University of California, Santa Barbara). 
It was shown how the quantum state of a 
spatially closed universe may be describe hel 
by a wave function obeying a time- T 
independent zero-energy Schrödinger 
equation. A simple model of an isotropic 
and homogeneous universe containing a 
massive scalar field, introduced to 
represent matter fields in the universe, 
reveals a wave function for the universe 
which can be represented as a super- 
position of different quantum states 
peaked in probability. around particular 
classical lorentzian solutions of the 
Einstein equations. These classical 





-solutions are non-singular, begin with a 


period of exponential expansion and then 
become matter-dominated before reaching 
maximum volume and recollapsing. Thi 
picture leads to a description of the most’ 
probable state for the universe which 
corresponds, in the classical limit, to one 
that is singularity-free. 0 
John D. Barrow is at the Astronomy Centre, 
University of Sussex, Brighton BNI 9QOH, and 
Joseph Silk is at the Astronomy Department, 
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Dynamics of a stratified mantle 


..Jrom Raymond Jeanloz 





“EVIDENCE is mounting that the Earth’s 
mantle may be stratified; that is, that the 
upper and lower mantle are separately con- 
vecting regions. The presence or absence of 


mantle stratification has profound conse- | 


quences for the thermal evolution of the 


Earth, and for the inferred pattern of | 


tectonic movements deep beneath the 
surface. One purely geometrical charac- 
teristic of stratification, for example, is 
that mantle flow is confined withina region 
of large aspect ratio: the upper mantle is a 
mere 700 km deep, but lithospheric plates 
are of the order of 5,000 km wide. How 
could a flow pattern be maintained in the 
upper mantle, and what might be the geo- 
dynamic consequences of stratification? In 
a recent article, Greg Houseman addresses 
some of these questions and concludes that 
convection in the upper mantle can be 
„modelled quite naturally as a large aspect- 
_/ atio flow that is predominantly driven bya 
“mean horizontal temperature gradient’. 

A pattern of equant convection cells, 
with aspect ratio of about one, has been 
produced by a number of fluid dynamical 
calculations on mantle flow. Some workers 
have thus concluded that convection must 
extend through the whole mantle, without 
stratification. Houseman points out, 
however, that the nature of the flow 
pattern is sensitive to the boundary 
conditions imposed, and the appropriate 
boundary conditions defining flow within 
the Earth are not well known: convection 
in a stratified mantle is by no means ruled 
out. The presence of moving lithospheric 
plates at the surface, for example, could be 
a major factor controlling the flow in large 

yaspect-ratio cells in the upper mantle 
“presuming, of course, that plates are 
mechanically coherent). 

Another factor, which is emphasized in 
Houseman’s work, is the horizontal 
temperature difference between the mantle 
underlying ridges (hot) and subduction 
zones (cold). Houseman explores the 
effects of varying the Peclet and Rayleigh 
numbers on convection in a large aspect- 
ratio region simulating the upper mantle: in 
his formulation, these parameters are 
varied by changing the velocity of the upper 
surface and the heat flux from below 
respectively. He finds that the horizontal 
temperature variation can drive the flow 
„hvite effectively, with only a 250°C average 
“temperature difference across a large 











convection cell — of the same scale as | 


would occur under the Pacific plate. 

In order to determine which is the more 
important driving factor, the moving 
upper boundary or the horizontal 


temperature gradient, Houseman calcu- | 


| lates the surface topography and gravity 
_ anomalies associated with his models. He 








concludes that observations made at the 
Earth’s surface can only be matched by his 
models if the horizontal temperature vari- 
ation is the dominant driving force in the 
upper mantle. The results are sensitive to 


the parameter values that are estimated (for | 


example, mantle viscosity), and indeed 
Houseman’s calculations are represent- 
ative of only a particular choice of 
boundary conditions which are not wholly 
realistic for the Earth’s mantle (for 
example, assumptions of constant viscosity 
and zero velocity at the lower boundary; 
and by necessity, the use of two-dimen- 
sional computation). Nevertheless, syste- 
matic studies of convection in the upper 
mantle, such as Houseman’s work, are 
gaining importance due to the increasing 
evidence that the mantle is stratified. 
What is the evidence? First, the observed 
density and compressibility of the lower 
mantle are not well matched by values that 
are calculated for a mineral assemblage 
with the average composition of the upper 
mantle’. In contrast, new elasticity data* 
reinforce the conclusion that the upper 
mantle and transition zone make up a 
simple unstratified region to first order Gf 
one ignores lateral heterogeneity, in 
particular). Further evidence is provided 


Genetics 


from Roger Patient 


Two papers recently published in Nature! 
described the apparent detection of ‘extra’ 
major histocompatibility (HLA class p 
antigens on the surface of human T-cell 
leukaemia/lymphoma virus (HTLY)- 
infected cells and suggested that the viral 
envelope (envy) protein was similar enough 
in structure to HLA class I proteins to have 
been responsible. The latter claim was 
based on nucleic acid hybridization data 


and has now been questioned by Jennings | 


and Even’ in the light of subsequent 
sequence comparisons (see p.85 of this 
issue of Nature). One is reminded of the 
hybridization-versus-sequence conflict 
described by Beverley Griffin in her News 
and Views article of 18 months agot, but 
there are a number of differences. 

Clarke et al.? probed HTLV, cloned in 
bacteriophage À, withan HLA gene, cloned 
as its cDNA, that only differed from HLA- 
B7 by 1 amino acid out of the 48 deter- 
mined by DNA sequencing’. The only 


_ hybridizing region in the HTLV clone was 


localized to the env gene, which hybridized 
to a region spanning the first three exons of 
HLA, encloding the extracellular domains 


DNA hybridization — beware __ 











by the fact that the 670-km. disconti 
which marks the top of the lower m 
much too sharp to be explained in 
known phase transformations: a 
of composition, and hence stratifica io 
apparently required. Also, there is ë 
classical observation that subduction-zon 
earthquakes end by 700 km depth, thi 








lower mantle (for example ref.6, althoug 
see ref.7). These results are in accord with — 
geochemical models, based on: isotopic, _ 
trace element and rare gas measurements, - 

in which the upper mantle is viewed asa 
depleted reservoir that has been distinct - 
from the undepleted lower mantle for _ 
billions of years (for example, refs 8-10), 
Thus, studies of the large aspect-ratio flow. 
patterns expected to occur in a stratified | 
mantle are likely to be of crucial | 
importance for understanding the a 
dynamics of the upper mantle, ee Ri ore 


Raymond Jeanloz is at the Department of — 
Geology and Geophysics, University of Cali- 
fornia, Berkeley, California 94720. agg hs 
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of the protein. From that it was concluded _ : 
that the HTLV envelope protein: exhibits 
homology to the extracellular domains of 
HLA-B7; that herein lay a possible explan- 
ation for the ‘extra’ HLA class I specifi- 
cities detected in HTLV-infected cells;and 
that such a masquerade on the part Of oo. 
HTLV would aid in the evasion of host nue 
immune detection and facilitate tumori- ee 
genesis, i ee ee 
After Clarke et al. had submitted their — 
manuscript, the complete sequence of 
HTLV was published‘. Jennings and Even 
searched the sequence for amino acid 
homologies with both HLA-B7 and the 
closely related HLA-A2 but found none, 
thus calling into question the conclusions 


| based on the nucleic acid hybridization 


data of Clarke ef al., who in reply raise the R 
formal possibility that the antigenic deter- o o 
minant might be sufficiently small to be 
missed by amino acid sequence compari- 
sons. But would it then be sufficiently large 
to be picked up by nucleic acid hybrid- 
ization? Are we faced with nucleotide 
homology that is not reflected at th 

protein level, and if so what does this 











mean? Only protein homologies can have 
consequences at the cell surface. 
= It seems that we have been misled again 
by nucleic acid hybridization data. What is 
the basis of the hybridization observed by 
Clarke et al.? Clearly we need to compare 
the nucleotide sequences of the actual 
stretches of DNA which hybridize but these 
are so far unavailable. However, both 
Clarke et al. and Jennings and Even have 
compared the published HTLV nucleotide 
sequence® with that of a class I HLA gene 
which exhibits homologies to both HLA- 
B7 and HLA-A2 (ref.7), and no significant 
homology was found. The examples of 
deception by nucleic acid hybridization 
data described previously by Griffin 
involved a failure to detect by hybrid- 


ization the significant homologies later. 


revealed by DNA sequencing. Here we 
“have the reverse problem: a failure to 
confirm, with sequence data, homology 
suggested by hybridization studies. 

We arè left with the uncomfortable 
business of casting around for possible 
explanations for the hybridization data. 
The sequenced HTLV clone differs from 
the one used in the hybridization by a 
number of restriction sites in the env region 
and the sequenced HLA gene differs from 
HLA-B7 (and thus the cDNA cloned 
probe) by quite a number of residues. 
Therefore precise comparison might yet 
resolve the problem. If so, would it mean 
that different HTLV isolates mimic 
different HLA class I antigens? 

Beyond this we are into the realm of arte- 
facts. The first which springs to mind is 
that caused by the homopolymer tails 
created in the construction of the HLA 
cDNA clone’. Precedent for such 
deception comes from in situ hybridization 
to the lampbrush chromosomes of the 
newt, Triturus, where apparent hybrid- 
ization to globin cDNA clones turned out 
to be hybridization of poly(tG) and 
poly(rC) transcripts to G-C tails®. Another 
example, this time involving A-T tails, was 
exposed in the human f-globin locus where 
a region of hybridization thought to 
contain a pseudogene was found to be 
competed out by an excess of unlabelled 
poly(A). | 

In the case under discussion, the tails are 
apparently oligo(G).oligo(C) and the 


hybridizing region of HTLV is G-C rich. 
“When the HLA cDNA clone was split into 


a5’ probe anda3’ probe, both containing a 
G-C tail, the HTLV env region hybridized 
strongly with the 5° probe and only very 
weakly with the 3’ probe. However, until 
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the solar radius’. 
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we know the relative lengths of the two 1 
tails, this result does not rule out arte- 


factual hybridization due to runs of Gs and 
Cs. Similarly, Clarke et al. point out that 
other G-C-rich regions in HTLV do not 
hybridize to the cDNA probe and claim 
that this suggests artefactual hybridization 
because of G-C richness is not occurring. 
Unfortunately, it depends on the sequence 
organization. A G-C-rich fragment 
containing runs of Gs and Cs will hybridize 
whereas an equally G-C-rich fragment 
without such runs will not. 


Astronomy 











“In conclusion, one feels that since the 
hybridizing regions are small and could be 


sequenced very easily, this should be done 


as soon as possible to resolve these 
questions. Misleading hybridization data 
should not discourage us from using the 


technique but knowledge of the pitfallsage 


should make us more cautious in inter- ^ 
preting the results. = 





Roger Patient is at the Department of 
Biophysics, Kings’ College, University of 
London, 26-29 Drury Lane, London WC2B SRL. 


Comets colliding with the Sun 


from David W. Hughes 


Wuy do so many comets hit the Sun? 
Observations of comets colliding with the 
Sun have come from Solwind, a corona- 
graph on board the US Air Force Space 
Test Program satellite P78-1. It records 
images of a 2.5-10.0 Ro Sun-centred 
annular field with a sensitivity adequate to 
record features having brightnesses greater 
than 10°! that of the solar photosphere. 
The satellite orbits Earth every 97 minutes 
and is sunlit for one hour of that time, 
during which it takes six coronal images. 

Between 1979 and 1982 the Solwind 
experimenters! discovered three comets, 
all of which collided with the Sun. Images 
of the corona taken on 30-31 August 1979 
showed comet 1979 XI approach the Sun 
from the south-west, pass behind the 
coronagraph’s solar occulting disc (radius 
2.5 Re ) and not re-appear; subsequently 
there was a brightening of the corona. The 
three comets 1979 XI, 1981 I and 1981 XIII 
have perihelion distances of 0.35 Rg, 1.05 
Re and 0.92 R respectively. They are all 
members of a family of sungrazing (and 
colliding) comets discussed in some detail 
by H. Kreutz at the end of the last century. 
They are retrograde (inclination 142°) and 
have aphelia at about 180 AU. 

Comets hitting the Sun are unusual and 
Paul R. Weissman (Jet Propulsion Labor- 
atory, Pasadena) has now grappled with 
the celestial mechanical problem of 
explaining how the perihelion distances of 
comets can be perturbed to values less than 


The Oort cloud, that collection of about 
2 x 10!2 long-period comets spread 


through a 50,000-AU-radius spherical | 


volume centred on the Sun, is being gently 


perturbed by passing stars. The aphelion | 


velocity vectors of the comets are randomly 
scattered in velocity phase space, so after 
perturbation the comets are uniformly 
distributed as far as perihelion distance is 
concerned. Thus if a comet at aphelion 


- (assumed to be 50,000 AU) has a velocity of 


less than 5.7 cm s“', it will collide with the 
Sun when at perihelion. Everhart* found 
that 15.7 comets per AU of perihelion 


distance brighter than +11 absolute | 





magnitude enter the inner Solar System per’ 
year from the Oort cloud. One should hit 
the Sun every 68.3 years. Unfortunately, 
those on Sun-impacting trajectories are 
difficult to see, Everhart calculating that 
there is a probability of less than 7 per cent 
of discovering the comet before impact; so... 
that the average Earth-based observe! 
should see one every 1,000 years or so. 

Comets of the Kreutz group, however, 
have a semi-major axis of 90 au and are 
nowhere near the Oort cloud. Their inclin- 
ation of 142° also keeps them away from 
perturbing planets. So another explanation 
must be sought for their small perihelion 
distances. And we have seen ten in the past 
100 years. 

Weissman considers the non-gravi- 
tational effect produced by the time lag in 
the emission of sublimated gases from a 
spinning cometary nucleus. This can 
decrease the semi-major axis but has only a 
very small effect on the perihelion distance. 
The calculations yield a value of 10% Au per 
orbit; a random walk in perihelion distance 
down to the photosphere grazing condition, 
is possible for 1981 I and 1981 XIII, but iti 
far too slow to explain the 0.35 Ro 
perihelion distance of 1979 XI. 

May the disruption or splitting of the 
cometary nucleus give a fragment an orbit 
with such a low perihelion distance? Tidal 
splitting might have occurred when the 
comet last passed within the Roche limit of 
the Sun or a planet. Cometary nuclei are 
thought to be extremely fragile. Comet 
1889 V split after passing through the 
Roche limit of Jupiter in 1886. And the 
Sun’s Roche limit is 2.24 Rẹ from its centre 
so all the Kreutz family have passed 
within it. Sekanina’ has shown that the. 
typical separation velocity for they. 
fragments is of the order of a few metres. d 
per second and this is again insufficient to 
produce the desired change. 

Comets also break up in other places, 
seemingly at random. This process could 








be associated with heating and cooling of 
| the nuclear surface and interior as the 
- comet moves towards and away from the 


Sun, The probability of disruption — 
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increases as the comet approaches the Sun 
but still the observed separation velocities 
are insufficient to produce the pertur- 
bation required to give the 0.00164au peri- 
helion distance of 1979 XI. 

Lastly, comet-comet collisions have 


sy been considered. This mechanism could 


change a comet’s orbit or break the comet 
up, giving the fragments a range of veloc- 
ities. The high inclination of the Kreutz 
orbit makes it very unlikely that they would 
hit an asteroid. And Weissman‘ calculates 
that they have a probability of only 2.8 x 
1076 per orbit of hitting a long-period 
comet. But even though this process seems 
unlikely, it remains at the moment the most 
scientifically plausible explanation for the 
peculiar orbit of 1979 XI. 

So 1979 XI remains a mystery and there 
seem to be only two obvious possibilities. 
Either it has suffered a collision in space — 
an event which has an extremely low proba- 
bility — or the orbit has been calculated 
incorrectly. g 
David W. Hughes is Lecturer in Physics and 


Astronomy at the University of Sheffield, 
Sheffield S3 7RH. 
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100 years ago 
MR. BURNHAM’S DOUBLE-STAR 
MEASURES 


THE recently published volume of the Memoirs 
f the Royal Astronomical Society contains a 








4% ‘urther series of measures of double Stars by Mr. 


. W. Burnham, made with the 18-inch refractor 
of the Observatory at Chicago. This series 
comprises measures of 151 double stars 
discovered by this eminent observer, which 
brings up the number of such objects discovered 
by him during the last ten years to no fewer than 
1013, amongst which are included some of the 
most interesting stars of this class; also measures 
of a selected list of double stars, 770 in number, 
made chiefly in the years 1879 and 1880, with an 
appendix, the results of observations of several 
objects, as late as the middle of the past year. 

Among the more noteworthy stars included in 
Mr Burnham’s new Catalogue, the following 
may be mentioned:- 

1. 126 Tauri (8 1007), “a most remarkably 





Joose and difficult pair, one of the closest 
~ known”; magnitudes 6'0 and 6'2. With a power | 


of 1400 there was only a slight elongation. 
2. B.A.C. 346; Mr Burnham thinks the 
principal star may be variable. ae 


| 3. B Delphini (6 151). — A very rapid binary; 
< Since its detection by Mr Burnham in 1873, there 
< has been an increase in the angle of about 180°, 








nd a diminution in distance from 0°.6 to 
‘om Nature 29, 409, 28 February 1884. 





NEWS AND VIEWS 
Endocrinology 





7 


New model for steroid hormone © 


receptors? 


from William T. Schrader 


ONE aspect of steroid hormone receptor ac- 
tion has been elevated to the status of 
dogma since its elucidation fifteen years 
ago. Following the first detection of 
oestradiol receptor in rat uterine cytosol!, 
E. Jensen and his collaborators at the 
University of Chicago demonstrated by cell 
fractionation and autoradiography that 
within an hour of hormone administration, 
the receptor accumulates in the nucleus of 
target cells’. Their findings led to the now- 
familiar ‘two-step’ hypothesis: oestrogen 
receptors are cytoplasmic proteins which, 
upon binding of the hormone, acquire an 
affinity for the nucleus to which they move. 
The methods were repeated and extended 
to numerous other steroid hormone recep- 
tor systems with similar conclusions. Now 
two papers’4 in Nature challenge the 
dogma: it seems that steroid receptors may 
not be cytoplasmic proteins after all. 

Over the years, there have appeared a 
few reports suggesting that the two-step 
model may not be accurate. Thus Pietras 
and Szego’ showed that hypotonic buffers 
used prevalently in the field for cell 
homogenization yielded receptors in the 
cytosol, while use of 0.25M sucrose 
resulted in localization of unoccupied 
receptor predominantly in the particulate 
fraction. Similarly, Linkie and Siiterj6 
found that ‘transformation’ of the recep- 
tor from 4S to 5S forms, obligatory in the 
nuclear uptake idea, might be an in- 
tranuclear event; and oestrogen receptor of 
rooster liver was detected exclusively in the 
nucleus, regardless of the hormonal 
status’. More recently, Walters ef ai. 
measured vitamin D, receptor localization 
as a function of salt concentration in the ex- 
traction buffer and observed a pronounced 
effect of the ligand upon the salt molarity 
at which the receptor partitioned into the 
cytoplasmic fraction. In general, these 
isolated reports have been dismissed as 


either special cases or as insufficiently con- 
vincing evidence to ‘warrant opening the 


arguments of the previous decade. 


The reasons for the reluctance to con- 
tinue the debate were not entirely due to in- 


transigence on the part of workers in the 


field. Rather, the studies invariably used 


cell homogenization and its attendant 
artefacts as part of the experimental ap- 


proach and no viable alternative strategy 
had emerged. Furthermore, the field had | 
moved on to other pressing issues, such as- 


receptor protein structure and interactions 
with genes. 

_ Now the issue } 
the pair of papers 
week?4. The two 
methodology but. 

















es differ in 
the same conclu- 





regulated genes seem to be located | 


| specifically with active genes. U 


| raised anew, in 
n Nature last 









sion: apparently the unoccupied oestrog 
receptor is not a cytoplasmic. protein 
in intact ceils. The first method used _ 
monoclonal antibodies to human oestro- 
gen receptor. W. King and G. Greene? 
at the University of Chicago performed — 
immunocytochemical assays of oestrogen 
receptor in cell cultures and inre- 
productive tract. Immunoreactivity was _ 
observed exclusively in the nucleus, quite — 
inconsistent with the distribution predicted _ 
by classical biochemical analysis. The 
method does not, however, exclude the | 
possibility that some unoccupied receptor 
may be cytoplasmic, but merely invisible 
because of a diffuse distribution: in that _ 
compartment; or that receptor re- 
distribution may have taken place during : 
cell permeabilization. i 
The accompanying paper’, from J, Gor- - 
ski’s laboratory at the University of ue 
Wisconsin-Madison, tends to clarify these ae 
questions. Gorski and his colleagues eX- 
posed pituitary tumour = cells to 
cytochalasin, and then prepared _ 
enucleated ‘cytoplasts’ by centrifugation k 
of the treated cells. In the absence of hor- 
mone, the classical view would predict that 
oestrogen receptors remain in the cytoplast 
fraction. In fact, what was seen was a _ 
10-fold reduction in receptor titre in the : 
enucleated cytoplasts compared with | 
whole cells. The missing receptor was 
recovered in the nuclear, or karyoplast, ae 
fraction. eee ee 
Since the two approaches employ — 
methodology quite different from earlier 


studies, it seems that a fresh round of con- — 


troversy is bound to start. The original — 
reports from the Chicago group using 

Oestrogen receptor antibody im- 
munocytochemistry employed different _ 
fixation methods, and showed perinuclear 
staining’. Isthe difference from thecurrent 
work because of fixation artefacts, choice 


of antibody, or what? One is always 
- perplexed when forced to choose between — 


two equally convincing sets of 
micrographs. toe, 
There remain numerous problems to be 
addressed before the dust will settle again. 
First, are the receptors described in the two 
recent papers really in the nucleus, or mere- 
ly on the nucleus? Since active hormone- 
ed to 






nuclear matrix! future work will i 
allow detection of receptors ass 












nately, that is technically difficult. Second, 
are receptors for all steroids similarly —_ 
distributed? Particularly important inthis ~~ 





regard will be the findings for ghicocor- ` 


ticoids, which have provided the most con- ES 





_vineing evidence so far for two steps”. 
- Finally, if steroid receptors are indeed 
weakly held non-histone nuclear proteins, 
what are the implications for the ‘two-step’ 
hypothesis? Clearly, the greatest damage 
will be to the countless slides and book 
diagrams of steroid hormone action which 
will need to be replaced. The potential 
economic benefits to laboratory il- 
justrators and photographers are thus not 
inconsequential. However, to the rest of 
the world the change may be more cosmetic 
than substantive. It remains undeniable 
that hormone agonists do alter gene expres- 
sion, and hence some aspect of the receptor 
structure must change by interaction with 
its ligand. That change, once widely be- 
lieved to result in a compartmental shift, 
may now be even more subtle. Perhaps 
receptors are permanently associated with 
the genes they regulate, and thus have only 
to rotate or change conformation to 
achieve their effects. Seen in this context, 
there still are two identifiable states of a 
steroid receptor: an active (ligand- 
associated) state and an inactive (unligand- 
ed) one. The real significance of the 


e 
Goe and catche a falling starre 


Across the arcs of background stars, 
followed over a three-hour exposure, 
streaks a brilliant fireball trail. The picture 
below left, which brings to mind the words 
of John Donne in the title of this article, 
documents the first time that photography 
successfully pinpointed the site of a meteo- 
rite fall from the trail of a plummeting 
meteor and only the second time that it 
facilitated calculation of the orbit prior to 
Earth encounter. 

A single photograph like this one, of 
course, provides limited inf ormation —- the 



















original two-step idea is retained; steroid- 
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receptor complexes are nuclear regulatory | 


elements wherever they originate in the 
cell, 

The recent findings thus renew old pro- 
blems, but at least may serve to incite us to 
the more difficult questions of receptor 
function in molecular terms. E 


William T. Schrader is at the Department of Ceil 
Biology, Baylor College of Medicine, Houston, 
Texas 77030. 
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magnitude of the meteor, its duration and 
its direction of motion. The dashed traject- 
ory results from a chopping camera shutter 
which further indicates the velocity and 
rate of deceleration. But any hopes of 
recovering whatever meteoritic debris may 
have survived the swift passage through the 
atmosphere must depend on triangulation 
using a set of photographs from several 
stations. 

It was for just that purpose that the 
sixteen stations of the Prairie Network 
were built in the American mid-west in 


it 


Observatory. Each station f unctioned 
automatically, a twilight photometer 
triggering four aerial T-11 cameras, one 
directed to each cardinal point. Save for a 
blind spot at the zenith, the whole sky ws 
covered at every station by the f/6.3 
Planigon lenses with an 85° field of view. 
Plate-glass windows kept the cameras 
proof against rain and snow, and a cloud 
detector avoided waste of film. In thirteen 
years of scanning the skies nightly, the 
Prairie Network logged over 2,700 meteors 
(excluding bright meteor showers) but 
produced only one photographic recovery: 
the Lost City meteorite pictured below nght. 

The probable location of the meteorite 
was deduced from four photographs 
recorded on 3 January 1970 at two stations 
in Kansas and two in Oklahoma (including 
the one below left from Hominy). The meteor 
looked a good candidate for a surviving 
meteorite because of its low initial velocity 
(14.2 km s'; it can be as much as five times 
faster), its very low terminal velocity (3.5 
km s!) and terminal height (19.5 km) and 
its relatively long duration (9 s). 

Several factors conspire to determine the 


point of impact. Aside from the 


triangulated position and velocity inferred 
from the trajectory, the meteorite hunter 
needs to take account of the body’s density 
and shape (to calculate the aerodynamic 
drag coefficient), the air density and local 
winds. A radiosonde flown over Oklahoma 
City provided the latter, but in the absence 
of better information one could only 
assume that the body itself was spherical 
and of normal meteoric density 
(3.4 g cm). The predicted fall lay a few 
kilometres east of Lost City, Oklahoma. 
The meteorite was duly recovered froma 
roadside snow bank only 600 m from the 
target. Three more fragments were 
subsequently located — 17 kg altogether. 
Lost City turned out to be a bronzite 





chondrite, chemically and radiogenicallygs, 
yr BP. Orbital , 


dated at 4.8 to 5.5 x 10° 
calculations place aphelion inside the orbit 
of Jupiter. An asteroidal origin should not 
be glibly inferred, however, since both 
Jupiter and the Earth may have severely 
modified its primaevalorbit. Jon Darius 


Selected from Beyond 
the Science Museum, 


Vision by Jon Darius of 
London (to be published 
in April by Oxford University Press). Photo- 
graphs reproduced by courtesy of C.-Y. Shao, 
Smithsonian Astrophysical Observatory. 


aoe? a ER tt TO Be JAAD i AVEPS INET = Pie 












= Sir — Two recent News and Views 
commentaries have discussed the identi- 


_. fication of a neutralizing antibody- 
_ inducing site on poliovirus! and the possi- 


f bility of using corresponding, synthetic 
' peptides as vaccines?. Some conclusions 
drawn and definitions used in these articles 
differ from our view of the subject matter, 


In the first commentary, the author 
explains how recent studies’ on polio- | 
virus type 3 (PV3) have identified an amino 
acid sequence of the viral structural protein 


VP1 which “‘represents the site on the virus 
involved in virus neutralization’’!. The 
implication that only a single antigenic site 
is involved in the induction of neutralizing 
antibodies is probably premature for PV-3. 
It is certainly incorrect for poliovirus, type 
1(PV-1)-’. 

For clarity, we will use the following 
definitions and abbreviations. The term 
neutralization antigenic site (N-Ag) of a 
virus describes that region of a capsid 
protein, composed of contiguous (or non- 
contiguous) amino acids, that induces and 
-vebinds neutralizing antibodies. A neutral- 
ization epitope (N-Ep) is the molecular 
“conformation of a sequence of contiguous 
(or non-contiguous) amino acids of the 
N-Ag that a neutralizing monoclonal 
antibody (N-mcAb) will recognize and 


bind. A single N-Ag may be capable of 


expressing many N-Eps. The N-Eps in such 
a cluster may or may not overlap 
functionally, that is, genetic variants of a 
virus resistant to neutralization by one 
N-mcAb may or may not escape neutral- 
ization by other N-mcAbs of the same 
cluster?-*, 

P. Minor and D. Evans and their 
colleagues elicited N-mcAbs against PV-3 
that recognized different N-Eps. 
Surprisingly, all of these N-Eps belong toa 

single N-Ag on capsid protein VPI, as 
yihown by genetic and biochemical 
“Xmethods?. With PV-1 we have used a 

similar approach®’, Two N-Ags on capsid 
protein VP1 were identified by a binding 
assay (ELISA) of groups of N-mcAbs with 
two different virus-specific, synthetic 
peptides. Each group of N-mcAbs 
recognized a different N-Ep as shown by 
genetic analyses®, A third N-Ag on VPI 
was identified by the ability of a third 
peptide, itself unable to bind to any 
N-mcAbs available to us, to “prime” a 
neutralizing immune response’. Two other 
N-Ags exist, one each on the VP2 and VP3 
structural proteins of PV-15-8.9, In the case 
of VP2 the exact amino acid sequence 
-finvolved is known’. 
~" PV-] therefore has at least five different 
N-Ags. This does not mean, however, that 








every animal inoculated with poliovirus . 


will produce antibodies to all of these sites. 
>- -We believe that two of the N-Ags of PV-1 
are more readily recognized than the others 
by the animal’s immune system, a phe- 

- nomenon that would explain why 


s N-mcAbs can generally be elicited only | 








“SCIENTIFIC CORRESPONDENCE 


ovirus antigenic sites and vaccines 


against these two ‘‘immunodominant”’ 
sites’, But it should be kept in mind that the 
current assignment of dominant N-Ags is 
solely based upon results obtained with 
N-mcAbs. We suggest that the N-Ag 
identified for PV-3 (ref.3) is such an 
immunodominant site, but we predict that 
PV-3 has several other neutralization sites 


that are recognized to a lesser degree by the | 


immune system. 

Neutralizing antibodies may destroy the 
infectivity of the poliovirion by different 
mechanisms. The N-mcAbs directed 
against capsid polypeptide VP1 alter the 
isoelectric focusing point (pl) of PV-16, 
Neutralization requires bivalent 
binding'®!!, This is in contrast to neutral- 
izing antibodies directed against capsid 
polypeptide VP3 that do not induce a 
change of pI and that do not require 
bivalent binding for inactivationS.6", In 
view of all of this, which peptides should be 
selected and from which regions of the 
capsid proteins should they Originate in 
order to construct a synthetic vaccine? 

We have tested so far 6 peptides, 5 
corresponding to sequences of capsid 
protein VP1’ and one to capsid protein 
VP, for their ability to elicit a neutral- 
izing antibody response. Success was 
scored only with a peptide corresponding 
to the amino acid sequence of one of the 
immunodominant N-Ags of VP1 and with 
a peptide corresponding to an amino acid 
sequence of VP2. Does this result imply 
that these peptides are the only ones 
‘whose further potential as a peptide 
vaccine is worth exploring’ ’?? 

No rules have been found that can 
predict whether or nota peptide will mimic 
the N-Eps of a N-Ag. The final selection of 
the sequence of a peptide and its chain 
length must still be determined empirically, 
But even if a peptide carrying the sequence 
of a N-Ag is unable to elicit neutralizing 
antibodies, it can be ‘‘seen’’ and 
memorized by the immune system of the 





test animal. We have shown recently that” 
the recall of this immunological memory to. 






to the same. fi 
influenza ` vir 


system from other, less variable N-Ags 
and leads to variants which are resistant to 
neutralization. ‘‘Priming’’ of a neutral- 
izing immune response with peptides, we _ 
speculate, may be useful in alerting the | 
immune system not only to dominant but _ 
also less dominant (and possibly less — 
variable) N-Ags, which, in turn, may 
Produce long-term protection against _ 


viruses undergoing antigenic drifts or 


shifts. ECKARD WIMMER o 
BRADFORD A. JAMESON 
Department of Microbiology, 
School of Medicine, 
State University of New York 
at Stony Brook, 
Stony Brook, New York 11794, USA 
EMILIO A. EMINI 
Division of Virus and Cell Biology, 
Merck, Sharp and Dohme 
Research Laboratories, E 
West Point, Pennsylvania 1 9486, USA 
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Availability of Mo and HTLV-II 


Sik — Following recent publications, I 
have had numerous inquiries regarding the 
availability of the Mo B-lymphoblast line 
-— an Epstein-Barr virus-transformed cell 
line from the patient (Mo) which is produc- 
tively infected with HTLV-II — and of 
HTLV-II and lymphokine producing cell, 
derived by transforming normal T lympho- 
cytes with HTLV-II'. The Mo-B line and 
various HTLV-II-transformed T-cell lines 


are available upon reasonable request. So | 
research purposes; however, the availa- 


too are HTLV-II molecular probes?, 
HTLV-I-infected primary cells (ME) and 
HTLV-I-infected transformants which 
produce lymphokines? . 


I should also like to mention the position | 


regarding the original Mo T-lymphoblast 
line, first isolated in 1978 and subsequently 
restricted because of a University of Cali- 
fornia agreement stipulating that the cell 












lines related to the exchange of reag 


line would not be made generally available 
until a patent is issued to the university. A. 
patent on the cell line will be issued before | 

14 April 1984 and the cell line will then be 
available from the American Type Tissue 
Culture Collection, 12301 Parklawn Drive, 
Rockville, Maryland 20852. 

The problem of availability of biological 
reagents is a complex and important issue. 
Certainly, biological materials should be 
available to the scientific community for 


bility of these materials for commercial 
Purposes needs to be regulated. Many 


factors enter into the equation of how 






biological reagents are made available. 
The “‘ownership’’ question needs to be 
established even if the transaction is 
between nonprofit organizations. Guide. 










> metic such as human beings and computing 


©. subject to Gédel’s theorem and is neces- 





“to how the reagents will be used, -collab- 
‘orative agreements, and restrictions. 
Many institutions, including the Uni- 
versity of California, have generated 
formal agreement letters for providing 
biological reagents to qualified investi- 
gators at both nonprofit and for-profit 
institutions. These letters usually contain 
statements of ownership by the parent 
institution and include wording regarding 
lack of warranty and responsibility for the 
materials sent. They indicate that the 
materials are not to be used for commercial 
purposes nor passed to others without 
prior written agreement. These written 
agreements are time consuming but 
important if painful disagreement or law- 
suits, such as occurred with the KG-1 cell 
line, are to be avoided’. 

-The question of biosafety is more 
„important than all of the previous consid- 
erations. The history of the Mo cell line isa 
good example. At the time the Mo cell line 
was derived, we were unaware that it 
“harboured a human T-leukaemia virus’. 
The patient, Mo, is alive and well; 
however, the cell line has evolved HTLV-II 
species that may contribute towards the 
high degree of malignancy of the cell line’. 
Mo is the only individual thus far reported 
to harbour this rare virus. Had the cell line 
been made generally available before the 
identification of the virus, HTLV-II would 
have been passed to investigators all over 
the world with no knowledge of the bio- 


© should be clarified in writing with respect | hazard in 















volv 
considerable danger in providing cell lines 
before they are completely characterized. 

Lastly, there remains the burden on the 
originator laboratory of providing DNA, 
RNA, or proteins derived from these cell 
lines to laboratories that do not have the 
facilities to carry human virus-containing 
cells. For a small laboratory these activities 
can be incapacitating. The letters, phone 
calls, preparation of materials for 
shipment, and actual shipment can severely 
affect a research laboratory’s ability to 
function. Some materials such as purified 
lymphokines cannot be made generally 
available because they are produced in 
miniscule quantities at great expense. 

in summary, all biological reagents 
developed by investigators associated with 
my laboratory at UCLA are available to the 
scientific community at the discretion of 
the originating investigator and in con- 
formity with the regulations of the Uni- 
versity of California. 

DaviD W. GOLDE 

Division of Hematology-Oncology, 
UCLA School of Medicine, . 
Los Angeles, California 90024, USA 
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Limitations of physical theory 


Sir — Your recent view on reducing 
biology to physics! ignores a fundamental 
problem. If biology is in principle reducible 
to physics, then so is psychology. Physics 
is quantum so that the prediction of 
behaviour would be in the form of a proba- 
bility distribution of states: which state is 
observed is found only by observation. 
Since the observer has been included in the 
physics, there is no way to determine the 
outcome unless an observer external to the 
physics is introduced. This observer 
is then unexplained by the reduction. 

This incompleteness of physics is a 
consequence of Gödels theorem. Any 
= comprehensive physical theory must 
explain structures that can model arith- 


b machinery. Such a physical theory is then 


- sarily incomplete and undecidable. Thatis, 
fòr every algorithm of the theory, there are 
physical events that cannot be decided by 
that algorithm. Thus, every comprehensive 
physical theory, no matter how fully 
developed, cannot predict the occurrence 
or non-occurrence of certain events. This 
incompleteness is a property of the theory; 
the outside universe may be complete but 
no theory can prove this fact. 

This application of Godel’s theorem to 
physics is largely metaphysical, but may be 
related to the existence of the large 








dimensionless numbers first noted by 
Dirac?. This number D, is of the order of 
109 and is roughly equal to the age of the 
Universe in atomic units, to the square root 
of the number of protons in the Universe 
and to the ratio of gravitational to electro- 
magnetic force. In general, D appears in 
many relations between macrophysical and 
microphysical quantities. Dirac postulated 
that D was a constant with resulting gravi- 
tational constant variation. Carr and 
Rees’, among others, have explained D on 
the basis of the anthropic principle: 
observers would not exist to observe this 
number unless the Universe was such that 
D had the proper value and relationships. 
Assuming that Gdédelian incompleteness 
occurs for physical systems with complex- 


ity G (measured as the exponential of the 


entropy or of the negative likelihood), G 


will be a large number. A human body 


becomes Gédelian on timescales of the 
order of a second, so after about 3 x 10} 
(infrared) vibrations of the 3 x 10°4 mole- 
cules in the brain (assuming an average 
molecular weight of 300) prediction is 
necessarily incomplete. This crude estimate 


of 10% for G is relatively near D, but 
suggests lines of research. For example, the | 


size of the quantum of action may be a 
result of constructing a theory that applies 


at universal scales. Application to objects: 
- smaller order than 1/D times the Universe - 









must bring in incompleteness: for current 
theories this incompleteness is described by 


quantum mechanics. Present computing 
machines process only 100 bits at most 10° 
times per second so that they are far from 
becoming Gédelian on human timescales. 


Any comprehensive physical theory is ’ r 


necessarily incomplete because of Gédel’s i 
theorem. This may not reflect incomplete- 
ness of reality, only a limitation on the 
construction of theories using finite 
sentences, but it is a fundamental limit to 
reductionism. Attempts to reduce complex 
systems to physics may succeed formally, 
but the prediction is a probability distri- 
bution of outcomes rather than a definite 
event. Determining the actual outcome 
requires another level of observation 
outside the physics in analogy to the 
resolution of incompleteness in mathe- 
matics by adding new axioms. 

THOMAS L. CLARKE 
National Oceanic and Atmospheric 

Administration, 

Environmental Research Laboratories, 
4301 Rickenbacker Causeway, 
Miami, Florida 33149, USA 
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+ ® ; * 
Interstitial fluid 
Sir — Bretag asserts! that for isolated 
mammalian tissue synthetic interstitial 
fluid (SIFY is superior to Krebs’ solution. 
In one respect it is almost certainly inferior, 
namely the glucose content. 

The glucose content of Bretag’s solution 
is 5.55 mM, or about half of that in 
Krebs’?. This is a crucial difference, 
because although Bretag’s is very close to 
the glucose concentration in normal in- 
terstitial fluid, it fails to take into account 
that in excised tissue the glucose in the 
bathing fluid often has to diffuse further to 








its site of utilization than in the body, 


where the source of glucose is in a neigh- . 
bouring capillary. In this situation Bretag’s 
solution is effectively hypoglucic. 

In a study‘ of the ambient glucose con- 
centration required at 37°C to preserve 
long-term excitability of myelinated axons 
in excised vagus nerve of rabbit, 5 mM 
glucose sufficed in nerve from which the 
perineurium had been removed but not 
when the perineurium had been retained, 
when a concentration in excess of 10 mM 
was required. The transverse section of 
these nerves was 0.6 x 0.4 mm. 

Bretag’s formula for SIF would be im- 
proved by replacing most or all of the 7 6. 
mM sucrose with glucose. 

B. RAYMOND FINK 
Department of Anesthesiology, 
University of Washington 
School of Medicine, 
Seattle, Washington 98195, USA 
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_ Global atmospheric effects of massive 
smoke injections from a nuclear war: results | 
from general circulation model simulations _ 
Curt Covey*, Stephen H. Schneider & Starley L. Thompson . 


National Center for Atmospheric Research, Boulder, Colorado 80307, USA 












We report three-dimensional calculations of regional and global climatic effects of smoke generated by a large-scale : 


nuclear war. Tropospheric aerosols of absorption optical depth 3, when injected into Northern Hemisphere mid-latitudes — 
and maintained for 1~3 weeks, cause intense radiative heating of the mid-troposphere with substantial surface cooling — 
over land. Mid-latitude surface temperatures in continental interiors can drop well below freezing in a matter of days _ 


< regardless of season. Our results, although based on several assumptions, suggest that circulation changes caused by 


-aerosol-induced atmospheric radiative heating could spread the aerosols well beyond the altitude and latitude zones in - 


which the smoke was initially generated. 


renee nent eps 


LARGE fires have long been recognized as a possible con- 
sequence of a nuclear exchange’ but with few exceptions (for 
, “example, see ref. 2) their regional and global scale environ- 
~ mental consequences have been ignored until recently. Crutzen 
“and Birks? have pointed out, via a simple order-of-magnitude 
estimate, that fires ignited by a full-scale nuclear war could 
easily produce enough smoke to block out sunlight (that is, 
produce optical depths of order unity) over much of the North- 
ern Hemisphere for a period of weeks or longer. Subsequent 
studies*~’ confirm the magnitude of the problem and thus raise, 
for the first time, the possibility that global atmospheric con- 
sequences of nuclear war could be significant even when com- 
pared with the obviously devastating nature of the direct effects 
(blast, heat, short-term fallout)®. In this Study we investigate, 
by using a three-dimensional general circulation model (GCM), 
the atmospheric consequences over a few weeks of smoke gener- 
ated by a nuclear war—that is, perturbations in atmospheric 
and surface temperatures, winds, etc. 

Turco et al.*> studied the climatic implications with a one- 
dimensional annually averaged radiative-convective model 
(RCM) which averages all horizontal! variations and considers 
»,Uantities such as temperature and aerosols to be functions only 

of altitude (see ref. 9). When the heat capacity of the surface 
was set equal to a small value characteristic of a layer of soil, 
smoke aerosol injection scenarios resulted in a substantial 
decline in surface temperature (characteristically ~30 °C within 
30 days, or enough to lower the global mean annual temperature 
well below the freezing point). At the same time the middle 
troposphere warms; both events are caused by the absorption 
of sunlight by mid-tropospheric smoke. But when Turco et al. 
used a surface heat capacity representative of an ocean mixed 
layer, only small temperature changes resulted (2-3 °C after 
6 months). Of course, in the real atmosphere under the impact 
of the aerosol loading, land areas would be expected to cool 
much more substantially than the oceans, and those areas of 
the globe not covered by smoke would suffer a much smaller 

temperature perturbation (though precipitation or other 
eather elements could still be substantially perturbed). Turco 
* extrapolated the results of others’ simple climate models 
to estimate that ocean-to-land heat transport would reduce the 
land surface temperature drop by ~20% in the middle of 
continents and by 40% near the coasts. However, they also 


_. pointed out that the same winds that would ameliorate the 
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`. = necessary to compute adequately the important cl 
anography, atmospheric structure and circulation which result fro 
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as: >o moisture are computed using standard conservat 






surface freezing could—when enhanced by aerosol-induced tem- _ 
perature contrasts—spread the aerosols well beyond. their _ 
original latitudes of injection, perhaps all the way into the — 
Southern Hemisphere. “ 
The conclusions of Turco et al. have been extended by calcula- -> 
tions with higher-dimensional models for different, yet fairly © 
comparable scenarios of atmospheric smoke in jection. Mac- 
Cracken"” reports results from both a one-dimensional RCM 
and a two-dimensional (latitude/height) model. The one- : 
dimensional model. gave a land surface cooling of ~30°C, in 
close agreement with Turco et al. The two-dimensional model, 
which parameterizes three-dimensional atmospheric motions to 
account approximately for thermal mixing, gave a ~ 15 °C cool- ; 
ing of land areas underlying the smoke, A three-dimensional__ 
model—but with only two layers in the vertical—has yielded. 
similar results!!, eee 
Clearly, the issues raised above should be addressed by fully 
three-dimensional models which include the important radiative 
Processes present in RCMs (and the real atmosphere), and which 
also account for regional and seasonal heterogeneity and can __ 
calculate explicitly large-scale winds and their advection of 
heat—that is, three-dimensional atmospheric general circulation re 
models. Ideally one should use a model which also accounts for 
aerosol transport and removal interactively, that is, calculates. - 
aerosol spreading and removal based on the atmospheric tem- 
perature structure and circulation which results from aerosol- oo 
induced heating. We have used a GCM developed at the 
National Center for Atmospheric Research (NCAR)—the Com- Ve 
munity Climate Model (CCM)—in an initial study which 
assumes a predetermined smoke aerosol distribution. As yet we = 
do not have the capabilities to perform a three-dimensional fully 


interactive radiation, transport and removal calculation. Such 


numerical experiments must await considerable model develop- z : ; 
ment and validation. | 


The model 









truncation at wavenumber 15, corresponding to a horizontal 
resolution of about 4.5° in latitude and 7.5° in longitude. In tł 
vertical there are nine layers which encompass the troposph 
and. the stratosphere. (Relatively fine vertical Ti 
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"The CCM cloud/radiation scheme, of particular interest to 


our proposed study, is described by Ramanathan et al'°, The 
‘parameterization includes interactive clouds which form and 
‘disappear as determined by relative humidity and convective 
„activity. Absorption of sunlight within the atmosphere by ozone, 
water vapour, carbon dioxide and molecular oxygen, with 
-enhanced absorption and scattering in clouds, follows Sasamori 
et al’® and Lacis and Hansen’’, with cloud albedos constrained 
_by available data. Long-wave processes are calculated by stan- 
_dard algorithms using improved values for water vapour and 
cloud emissivities’”. 


In the CCM, as in most- atmospheric GCMs, sea surface 
-temperatures are prescribed as a lower boundary condition. This 
` means that the small cooling of the sea surface expected after 
“a few weeks of a nuclear war aerosol perturbation will not be 
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olved and computed 
allowed to cool interactively, On the other hand, the land surface 
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is assumed to have zero heat capacity in the CCM (land surface 
temperatures are calculated: by assuming no net energy flux 
across the surface) and so the initial cooling rate of the land / 
surface will be overestimated. Neither of these two approxima- ` 
tions should seriously compromise the qualitative inferences 
from the results obtained for times of a few days and up toa — 


month. Of course, the detailed evolution of the regional response 


should not be taken literally. 


Simulation results 


In our study, we forced the model in Northern Hemisphere 
mid-latitudes to absorb virtually. all incident sunlight in the 


‘middle troposphere, leaving almost none to be absorbed by the 


surface. This forcing represents an optically thick layer of smoke 
which absorbs but does not scatter sunlight. For practical con- 
siderations, IR absorption and emission of the aerosols was not 
included. Fortunately, as IR absorptivity of smoke aerosols is 
about an order of magnitude less than solar absorptivity’?! 
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Fig. 2. Same as Fig. 1 for zonal winds (ms“') in the * 
case. Westerly winds are by convet on positive and eas 
are negative (shaded). 
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a our study will delineate a first-order approximation to the prob- 


| Jem. We used a version of the CCM which includes specified 


Seasonal variations of solar zenith angle, ozone, ocean surface 
temperatures, snow and sea ice cover developed by R. M. 
Chervin of NCAR in order to assess the seasonality of the 
atmospheric effects of the smoke injections. 
_ In making assumptions about the amount and distribution of 
smoke aerosols generated by a nuclear war, we followed the 
US National Academy of Sciences ‘baseline’ case, which is 
intended to represent conservative estimates for a 6,500- 
megaton nuclear exchange®. We assumed that the zone between 
30° and 70° N latitude was covered by 2x 10'* g of smoke 
evenly distributed between 1 and 10 km altitude. All the com- 
plex particle injection and removal processes which would occur 
in the early days after the fires Started are supposed to be 
accounted for in this value of zonal smoke loading. However, 
it is not well understood how particle removal processes in the 
initially very dense smoke plumes would affect the eventual 
concentration of widely distributed smoke. Early removal of 
smoke particles, especially through coagulation, will be more 
effective at higher particle concentrations. Therefore, the rates 
of initial horizontal dispersal and fire burning may have impor- 
- tant roles in determining the total smoke loading a few days 
after the fires. 

The absorption coefficient of the smoke was assumed to be 
1.8 m° g™', which gives a total absorption optical depth of 3.0. 

~ Specifically, a column density of 1.67gm~? was imposed for 

=> atitudes 31°-67° N with half this amount in the immediately 

3 djacent zones, 27°-31° N and 67°-71° N , and no smoke else- 

Sewhere. The smoke was assumed to be evenly distributed in 
longitude on the basis that zonal winds would rapidly spread 
the smoke throughout the target latitude belt. In the vertical, 
equal amounts of smoke were placed in four layers of the model 
ranging from the 87 to 26 kPa pressure levels. Other than the 
overall absorption optical depth values, the details of the smoke 
aerosol and its optical properties are not central to our purpose 
of studying the first-order response of a three-dimensional circu- 
lation model to a plausible smoke aerosol. If the smoke optical 
depth were much greater or much less than 3, then these details 
of smoke optical properties would become much more 
important?®, 

The smoke appears instantaneously in all simulations at time 
t=0 and remains fixed in place for the remainder of the model 
run, 20 days. This implies that a stabilized hemispheric scale 
aerosol is in place at day zero. (This corresponds to a time of 
a week or so after the fires started, essentially our t= 0.) Three 

¿| simulations were run: ‘summer’ (t= 0 at 30 June), ‘winter’ (t=O 

_ ‘at 27 December) and ‘spring’ (t= 0 at 22 March). Initial condi- 

“tions for the model were supplied from a long-term (~20 yr) 
annual cycle simulation by R. M. Chervin. 

Summertime perturbations will probably yield the largest 
response as more solar radiation is available for absorption by 
smoke. Figures 1~3 refer to the ‘summer’ case. The initial effect 
of the smoke perturbation is to cause almost all the solar flux 
available in the 30°-70° N latitude zone to be absorbed in the 

upper troposphere rather than at the surface. In the summer 
_ case, heating’ rates reach up to 20°C per day in the upper 
- troposphere as soon as the smoke is injected. The absorption 
of solar energy by the aerosol well above the surface, combined 
with the escape of IR radiation from the surface layers through 
the smoke cloud to space, creates the surface cooling and mid- 
tropospheric heating which the one-dimensional models predict. 
{This escape of IR to space is enhanced in our three- 
MP dimensional results because nearly all upper water tropospheric 
clouds disappear.) Figures 1 and 2 give the zonal averages of 
temperature and zonal wind as a function of altitude (pressure) 
and latitude. These are all averaged over the period t= 10-20 
days and compared with an unperturbed control case. 
_ Figure 1 shows very high atmospheric temperatures in the 
_. upper levels of the smoke and significant cooling near the surface 
_ below the smoke. The largest atmospheric warming-—many tens 








of degrees greater than the control—is within the smoke, but 
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Fig. 3 Surface temperature (T) at three selected instants of time: OES 
t=0 is the time at which smoke was added to the atmosphere in 
the summer case. Temperature contours are drawn for every 10K: 
Areas with T<270K (that is, well below freezing) are shaded, 

The warmest contour value in the tropics is 300 K. 


Significant warming (at least 10°C) extends well beyond the 
fixed smoke distribution up to the 5 kPa level and southward | 
into the Southern Hemisphere subtropics. Clearly, atmospheric oe 
motions are transporting heat beyond the area of aerosol radias 
tive heating. Water clouds largely disappear in the middie 
troposphere where the heating occurs because the relative 
humidity decreases and little water vapour is transported 
upwards through the stable temperature inversion. Near the 
surface, cooling below the smoke occurs poleward of 30° N and © 
exceeds 10 °C (zonally averaged) between latitudes 50° and 70° 
N. Below 2 km altitude there is more cloud in the perturbed case. 
The sharp mid-troposphere temperature gradients set up by 
the smoke heating support a significantly enhanced zonal circula- ae 
tion (Fig. 2). In the stratosphere (20~5 kPa) in the Northern 
Hemisphere, westerly winds are stren Te 
side of the area of smoke heating and easterlies are strengthened. 
on the equatorward side, results understandable in terms of the. 
thermal wind relation. Substantially enhanced zonal winds exist 
near the surface: westerlies between 60° and 10° N , and easter- 
lies between the Equator and 30° S. Once they have had time 
to develop, these enhanced winds may be expected to transport cs 
extra heat from the warmer oceans to the cooler continents, 
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Figure 3 shows the initial (30 June) surface temperatures just 
before smoke injection and temperatures at two subsequent 
times. This is, of course, a tiny fraction of the large number of 
‘snapshots’ from the experiment which need to be examined 
carefully, but several important points are apparent. Even at 
early times (t = 2 days) substantial cooling has set in, with areas 
of subfreezing temperatures occurring beneath the smoke. This 
suggests that in the real atmosphere, where the aerosol would 
be very heterogeneous initially, rapid freezing might occur 
wherever dense patches of smoke drift overhead and persist for 
more than a few days. In that case the areas of the world that 
would suffer quick, transient subfreezing temperatures could 
be, in effect, selected at random depending on initial winds and 
their proximity to plumes of smoke. (Even if the smoke were 
evenly distributed as in our simulations, the natural variability 
of the weather would result in different time evolutions of 
regional temperatures depending on initial weather conditions 
at the time of the nuclear exchange.) By 1=10 days, tem- 
peratures would fall below freezing over substantial areas of 
North America and Eurasia. The coastal areas, particularly in 

o the western parts of continents, would generally escape the 
intense surface cooling of continental interiors, evidently 
because of the enhanced advection of heat from oceans to 
continents discussed earlier’”. 

. By t= 10 days the average land cooling under the smoke 
‘cloud for the ‘summer’ case is 15 to 20 °C. The ameliorating 
ffect of the oceans is evident since temperature decreases of 
10 to 40°C would be expected on an oceanless planet”. 
ertheless, areas near oceans do not continuously escape 
_subfreezing temperatures. For example, weather variability pro- 
‘duces temperatures below freezing in Western Europe at 1=8 
-days (not shown) but not 2 days later. 
_. The zonally averaged meridional circulation of the atmos- 
phere is profoundly affected by the smoke perturbation. For 
the summer case discussed above, the normal cross-equatorial 
circulation is greatly enhanced. An even more 
when the smoke injection occurs in the 
-b gives the meridional 

aged over += 16-20 days 
0 




























Fig.4  Zonaily averaged meridional 
streamfunction in units of 10'° kgs”? 
for the spring case (a, b) and the- 
winter case (¢, d}. Arrows indicate - 
the direction of meridional and ver- 
tical motion. Time averaging was 
from t= 16 to 20 days. The area of 
imposed smoke loading is indicated 
by the dashed box as in Figs 1, 2. 
The control (equilibrium simulation 
without smoke) and perturbed 
(smoke experiment) cases are shown. 
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upwards and away from the smoke area. Similar results are 
obtained for the perturbed mean meridional circulation in the 
summer case. These meridional circulations may be instrumental 
in transporting heat away from its original site of deposition in 
the smoke cloud. In addition, in the real atmosphere the circula- 
tion would probably transport aerosol particles upwards and 
southwards, spreading them to regions beyond those in which 
the nuclear explosions occurred. This dynamic effect is clearly 
an important concern as it involves the spread of nuclear war 
environmental effects into areas that are not involved in the 
conflict*”. 

Finally, in Fig. 4c, d we present the meridional circulation 
results for the ‘winter’ case, in which relatively little solar energy 
is available for absorption in the Northern Hemisphere mid- 
latitudes. Evidently there is little if any significant circulation 
change in the zonal average. At first sight it would appear thats 
in the winter case, smoke would probably not be transported” 
out of the Northern Hemisphere mid-latitudes, but if we look ~ 
at the actual three-dimensional wind patterns rather than the 
zonal average circulation, a different picture emerges. Stream- 
lines of the wind at 20 kPa (about 12 km altitude) imply that 
smoke would be carried away from the mid-latitudes in 
‘streamers’ for the winter (Fig. 5a) as well as for the spring 
(Fig. 5b) case. (Similar north-south streamlines were found in 
the mid-troposphere at the 50 kPa-500 mbar level.) Thus, 
depending on the initial north-south wind patterns, considerable 
amounts of smoke could be rapidly transported as far as the 
meteorological equator, where there would be sufficient solar 
radiation to create potentially large circulation perturbations. 
This result emphasizes the importance of using fully three- 
dimensional models to address the problem; the actual three- . 
dimensional velocities associated with the circulation shown i 
Fig. 5b approach 50 m s™°, whereas the corresponding zonally“ 
averaged velocities (see Fig. 45) are nowhere greater than — 
5ms. : 






Conclusions 
Our results qualitatively agree with the fundamental conclusion 

of the lower-dimensional models, that is, for plausible scenarios, . 
smoke generated by a nuclear war would. lead to dramatic — 
reductions in land surface temperature. Furthermore, the three~ = 
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Fig. 5 Streamlines estimated from 20 kPa (200 mbar) wind vec- 

_ tors for spring and winter cases. The dotted line in a indicates the 

;*» southern limit of southward winds in the winter case. If the smoke 

“is transported to this southern limit, it would be intensely heated 

by sunlight and probably generate new winds which might transport 
it even farther. 


dimensional results suggest the possibility of rapid freezing of 
land surfaces under transient patches of smoke that may be 
randomly transported by atmospheric winds. We also find sig- 
nificant changes in atmospheric circulation which in many cases 
would probably spread the smoke far beyond the altitude and 
latitude zones in which it was initially injected. 

Clearly, further study of current model results and a greater 
variety of smoke injection scenarios are necessary both to 
analyse thoroughly physical mechanisms and to examine addi- 
tional important climatic variables. Also, it should be clear that 
the problem is intrinsically a dynamic one. Within a few days 
atmospheric winds and temperature would be so profoundly 
altered that any estimates of aerosol spreading or removal based 
on today’s conditions become highly questionable. 
~ » More modest improvements in model simulation should 
nclude more realistic specification of the radiative effects of 
“aerosols, that is, inclusion of IR absorption and emission and 
scattering of sunlight by the aerosols. One-dimensional sensitiv- 
ity studies’? indicate that inclusion of IR cooling due to smoke 
of visible optical depths less than ~10 would lead to only a 
small reduction in the amount of mid-atmospheric warming, 
and that the surface greenhouse warming would be quite. small, 
aerosol slightly decrease the amount of surface cooling 

~ bec: the aerosols will scatter some sunlight down to. the 

surface. However, dust | 





urface. Hos dust raised by the nuclear explosions, also 
not included in ‘this study, will enhance surface cooling by 


backscattering sunlight so space, removing energy from the 
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The same studies imply that inclusion of scattering by the smoke 












Earth-atmosphere system**. Moreover, such stratospheric 
or smoke scattering would also reduce the upper trop 
heating rate for the purely absorbing smoke case, ch 
calculated atmospheric circulation. ae 
Physical processes incorporated into GCMs-—includ 
assumptions of fixed sea surface temperatures and żer 
surface heat capacity, crude near-surface atmospheric re] 
resentation, and sub-grid scale parameterizations for. verti 
and horizontal heat transport and for cloud propertie 
also be critically examined. For example, vertical tran 
heat by sub-grid scale processes would be affected by 
matic increase in atmospheric stability obtained in ou 
Nevertheless, our basic results for a 2x 10!4 g stabilized smo 
cloud—strong land surface cooling, mid-atmospheric ‘warmil 
and profound changes in circulation—seem robust; they ar 
confirmed both by the lower-dimensional models discussed _ 
above and by results from a simplified GCM with different _ 
sub-grid scale parameterizations and with more realistic (finite) — 
surface heat capacity’. But important details such as the initial _ 


patchy freezing (Fig. 3b) are highly tentative, dependent on _ 








both the model and the initial conditions. e 

We believe the largest uncertainties in the nuclear aerosol/ cli- | 
mate problem lie in translating the estimated inventory of burn- 
able fuels in cities and forests into stabilized smoke clouds on | 
a spatial scale suitable for global atmospheric circulation models. _ 
The way fires will burn (for example, firestorms), the height to | 
which smoke is injected, the duration of fires, the particle 
concentration within the initial smoke plumes, and early particle _ 
removal by rainout in convective/mesoscale circulations all _ 
occur on spatial scales smaller than the resolution of any general ] 
circulation model now available. Unless the current estimates”? 
of the effect of these processes are substantially in error, 
however, strong cooling of mid-continental land surfaces below 
regional-scale smoke clouds is very plausible. Moreover, patchy, 
transient subfreezing outbreaks could be plausible even if hemi- 
spheric scale stabilized smoke clouds were many times smaller — 
than the 2x 10'* g we assumed. ae 

Thus, the problem of long-term consequences of nuclear war __ 
represents not only an obviously critical issue for mankind, but 
also a stringent test of current understanding of the causes of 
climatic change. By subjecting models to the massive perturba- 
tion of several optical depths of aerosol, we gain insights into __ 
both model behaviour and properties of the real atmosphere __ 
which would not necessarily be as evident from studies of much 
smaller perturbations. Thus, we may draw implications for scien- 
tifically related problems such as the effects of volcanic eruptions 
on the climate and the possible massive dust in jection resulting 
from the postulated impact of an asteroid on the Earth atthe 
end of the Cretaceous period. It is our hope that a full hierarchy 
of models will be brought to bear on the question of nuclear —_ 
war atmospheric effects. Eo BES 
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Cindery Tuff is a subalkaline, rhyolitic air-fall deposit that was probably produced by a mixed-magma eruption. It is a 
- distinctive, datable, regional isochronous marker hed within the Pliocene sediments of the Middle Awash district, and is 
stratigraphically situated between two new fossil hominid discoveries. Based on *°Ar/*’Ar analyses of plagioclase, 
rhyolitic glass and basaltic glass, as well as fission-track analyses of zircons, we estimate its age to be 3.8-4.0 Myr. This 
implies that associated hominid skull fragments are at least 3.9 Myr old. 


. THE Middle Awash region contains fossiliferous terrestrial sedi- 
ments that lie directly south of the Hadar area (Fig. 1). Initial 
geological surveys by T aieb documented abundant vertebrate 
fossils and thick sequences of fluvial and lacustrine sediments 
that range in age from Pliocene to Upper Pleistocene'*. Kalb 
and others undertook the first detailed geological study and 
recently described the stratigraphy and palaeontology of the 
Awash Group’*,.aname which encompasses.all sediments within 
the Awash Basin, including the Hadar Formation. Hominid 
fossils from the Middle Awash area were first discovered in the 
Middle Pleistocene Bodo Member of the Wehaietu Formation’. 
Additional hominid remains were recently found within the 
same beds as well as in the Lower Pliocene Sagantole For- 
mation“. 

We report here the results of geochronological and 
geochemical studies of a volcanic ash from the Lower Pliocene 
section of the Awash Group. Termed here the Cindery Tuff 
(CT), this ash is an important stratigraphic marker bed that 
links together isolated exposures of fossiliferous, hominid- 
bearing sediments along the right bank of the Awash River (Fig. 
1). This is probably the same ash that Kalb and others describe 
as “a dark-grey, evenly-bedded, coarse to lapilli tuff” at the 
base of the 15 m thick Kalaloo beds*’. Clark and others recently 
reported the recovery of several hominid fossils from localities 
geographically and stratigraphically near CT®. A proximal femur 
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was recovered 7m above CT at the Maka locality and several! 
skull fragments were found 11 m below the tuff at the adjacent 
Belohdelie locality (Figs 1, 2). The Cindery Tuff not only pro- 


vides excellent stratigraphic control for these hominid dis- _ 
coveries, but also yields feldspars, zircons and glasses that are 


amenable to geochronological study. 


Occurrence and stratigraphy 


The stratigraphic succession containing CT is one of the thickest 
and most laterally extensive hominid-bearing, Lower Pliocene 
deposits known in the world. At least 50 m of brown silts and 
clays, fossiliferous sands, diatomites, and occasional beds of 
tephra, marl and lignite lie immediately below the ash, and 
about 20 m of diatomites, fossiliferous sands, tephra and brown 
clays lie above it (Fig. 2). Sediments stratigraphically beneath 
CT contain a Lower Pliocene vertebrate fauna similar to the 
Kanapoi and Mursi faunas, while immediately above the ash, 
fossils contain similarities to those of the Lower Hadar Forma- 
tion?®. The Cindery Tuff is at the base of the Kalaloo beds 
which cap the >200 m thick Sagantole Formation. The Sagan- 
tole Formation is stratigraphically between the younger Hadar 
and the older Adu-Asa Formations”. 


We first observed the Cindery Tuff at the Bodo locality (Figs 
1). Subsequently, we found this ash at Dawaitoli, Kalaloo,+-. 


Gemedah, Wilti Dora, Matabietu, Maka, Belhodelie, Wee-ee, 
and Sibahkaietu localities, and it can be traced in the field nearly 
continuously along a 25-30 km north-south exposure (Figs 1,2). 

The Cindery Tuff in this area is a 15- to 30-cm thick grey 
lapilli-bearing ash. It is horizontally bedded and contains several 
graded sequences. Angular to subrounded grey pumice clasts 
and black scoriaceous glass chunks (from <1.0 mm to ~ 5.0 mm) 
are supported in a fine-grained matrix (~0.125 mm) of mostly 
clear glass shards and dark brown glass fragments. The ash is 
slightly indurated and forms resistant ledges in the regional 
badlands topography. The lower contact is abrupt against a 
white diatomaceous clay; the upper contact varies from grada- 
tional to abrupt, but the superjacent lithology is everywhere a 


white diatomite. A conspicuous and co-extensive gastropod=" 


bearing marl occurs 1m below Cindery Tuff and hoo 


impressions were discovered on the tuff’s uppermost surface at> 


the Gamedah locality. 


Analytical methods 


a 


Major element analyses were performed using a microprobe, 


and instrumental neutron activation analysis. was used to deter- 
mine rare earth element (REE) and other trace element con- 


centrations. Samples for neutron activation were irradiated at - x 
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Fig. 1 Regional map of the western Afar showing the Middle 
Awash deposits approximately halfway between Hadar and 
Gewane. Filled circles (1-5) refer to stratigraphic sections in Fig. 
< » & Ayelu (Ayelu-Amoissu) and Langudi are Pleistocene per-alka- 
Af line rhyolite volcanoes; Ida Ale is a Pliocene subalkaline rhyolite 
' centre and a possible source for the Cindery Tuff. Gurrale and 
Askola Gera are rhyolite centres of unknown age. Sediments are 
stippled and basalts cover the blank areas. Localities referred to 
in the text, but not noted above, are: Sibahkaietu, just south of 
locality 1; Wilti Dora, Gemedah and Kalaloo, from south to north, © 














_ have a K-Ar age of 1,070 Myr (refs 10-13). For some shorter 
irradiations, our younger internal standard {age = 17.04 Myr), 
basalt NL1-1, which had been calibrated against 3 gr, was used. 

= y Table 1 shows the results of running a selection of international 
“Standards against 3 gr. The results demonstrate that the age we 
_ have used for 3 gr is in excellent accord with the other major 

_ inter-laboratory standards. It seems highly unlikely that there 
ds any significant error in our Ar/” Ar calibrations. | 
=- Zircons from the 60-120 mesh fraction of crushed Cindery 





were. subjected to fission track analysis using the. external 







m, with an overall variation of less than 3% 





- between localities 4and 5; and Dawaitoli, just north of locality 5. 


foronto low-flux reactor (Slowpoke II) using _ 
: lined in ref. 8. “°Ar/*°Ar dating methods similar 
to those outlined in ref: 9 were used. The primary PAr/” Ar 
standard was hornblende 3 gr (ref. 10), which was assumed to 


Te su ysis using the al between the Bodo and Maka samples. The dark brown glass 
or method’*. The calculated neutron flux, based upon the „both samples has a K-rich tholeiitic basaltic composi 


adiated NBS SRM962 standard calibration value, was 
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Fig.2 Lithostratigraphic sequence of the Lower Pliocene deposits | ae 
in the Middle Awash region. a, Gravel: b, gravelly sand; c, sand; —— 
d, silt; e, clay; f, sandy clay; g, diatomite; h, diatomaceous clay; i o 
volcanic ash; j, altered ash; k, tuffaceous sand: *, hominids; CO, ==- 
carbonate; ‘bone symbol’, vertebrate fossils. Arrow designates. =- 
Cindery Tuff level. Note that skull fragments were found about). 
700 m from the Maka femur site in the direction of the Belohdelie 
area. The stratigraphic context of these hominid fossils is secure ooo 
with respect to Cindery Tuff, which is continuously exposed = — 
between the Maka and Belohdelie areas, o n 
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Note that the total integrated age for the Fish Canyon zircon o 
standard in Table 1 (29.07 + 0.93 Myr) isin very good agreement __ 
with the published sanidine K-Ar age for this sample (28.54 
1.3 Myr (ref. 15) calculated using the new decay constants’). 


Geochemistry and petrology 3 


Two samples of CT were selected for detailed study, 


one from 









parity between the Bodo and Maka samples would place the 
hominid and other fossil sites near the ash in a firm Stratigraphic 
context. | a 

A modal analysis of CT showed clear glass to be the most ~ x 
abundant phase, comprising 40-45%. Other phases present 
include 10-25% dark brown glass, 5-10% grey pumiceous z: 
chunks, 2-3% feldspar, 0.5-1% pyroxene, 0.5-1 % Fe-Ti oxides 
and trace amounts of zircon. Basaltic and rhyolitic rock frag- 





about 20% of the deposit. kao 
Table 2 and Fig. 3 illustrate the close compositional similari 





ereas the clear glass has a subalkaline rhyolitic con 
1120, Phenocrysts of plagioclase, pyroxene and Fe-Ti oxides 
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Fig. 3. A, Chondrite-normalized REE plots fpr Cindery Tuff rhyolitic glass (a and b) and basaltic glass (c). An Ida Ale rhyolite (dashed 
line, d) and an Afar series theoleiite (dotted line, e) are very similar to the CT rhyolitic and basaltic glass, respectively. Ida Ale is a likely 
candidate for the source of the Cindery Tuff. B, Ab~An-Or (mol%) ternary plots for Cindery Tuff feldspars: a, Maka feldspars with clear 
glass rims; b, Maka feldspars without glass rims; x = An55 feldspar attached to a Ti-augite grain; c, Bodo feldspars with clear glass rims; d, 
core-rim variations in Maka feldspars. Inset, histogram for all Cindery Tuff feldspars with attached glass, n = 47. C, Chemical classification 
of Cindery Tuff basaltic and rhyolitic glasses. Compositions were determined using a microprobe. Open circles refer to samples from Bodo 
(A81-1); filled circles refer to sample from Maka (A81-37). All data could not be shown because of overlap; 21 Bodo and 24 Maka rhyolitic 
glasses were analysed with the corresponding numbers for the basaltic glasses being 17 and 16. The x denotes the average of 28 whole rock 
XRF analyses for Ida Ale rhyolites?”. Lines 1 and 2 after refs 19, 20. D, Ternary plot for Cindery Tuff pyroxenes in the system Mg-Ca~Fe + Mn 
(atomic %). Symbols as in A-C. 


are likewise very similar (Table 2). Chondrite-normalized REE 
patterns for the Bodo and Maka ash samples provide corrobora- 
tive evidence for equivalence (Table 2, Fig. 3). Overall, the 
geochemical data strongly advocate equivalence of the sampled 
ash at the Maka locality to the Cindery Tuff at Bodo. 

The rhyolitic glass consists of transparent vesicle-wall frag- 
ments, bubble-junction fragments, and ‘stretched’ pumice. They 
are free of microlite inclusions and there is no compositional 
BOr 


Table 2 Cindery Tuff fission track results 


maranman 








Induced tracks 

Tracks 

per cm”. U Age 
(x109 (ppm) (Myr) 


21.40 303 4.18 
14.62 207 2.86 
13:333 189 2.17 
14.10 200 4.59 
17.13. 242 4.69 
11.94 169 4.94 
26.54 376 4.34 
15.71 223 3,50 
18.20 258 4.77 
24.29 347 3.28 
11.18 158 4.79 


17.27 244 «3,930.28 


_ Natural tracks - 
coon. a... Tracks, 

e -tracks “(x10°) = tracks 
es oe ae 0.578. 740 
gean 13. te 707 
o E Sp 0.187. 640 
odd O4AIT 472 
ca 20.. 0.571 658 
pe QR 0744 892 
eee gee EEr $30 
ic BBs... 0.362. 874 
21 0.521 988 
o 9, 0.347 290 

0,438 7430 
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dard error of the mean”. All analyses used 





_ summarized in Table 3 and Fig. 4. T 


variation either within individual grains or between different 
grains or morphologies. The basaltic glass is translucent to 
opaque and occurs as ‘fusiform’, spherical scoriaceous droplets. 
or as angular fragments of these spheres. There is no composi- 
tional difference between these varieties and there is no composi- 
tional variation within individual grains. However, grain to grain 





variation is greater than that observed for the rhyolitic glass. 


(Fig. 3). The outer edges of the translucent shards always possess 
thin, dark reaction or alteration rims. Phenocrysts of plagioclase, 
pyroxene, and Fe~Ti oxides occur as inclusions in the basaltic 
glass, but they are less common than acicular microlites of 
unknown mineralogy. Clear glass has been observed to rim 
several dark-brown glass spheres. — 

Feldspars are the most abundant mineral phase. They are 
generally subhedral, but their morphologies vary from euhedral 
to anhedral. Clear glass rims were observed on all morphologies. 
Zircon and Fe-Ti oxide grains are common inclusions. No optical 
zoning was observed in the feldspars, but microprobe traverses: 
across several grains showed that although their interiors ar 
quite uniform, there is occasionally an abrupt compositional 
shift within a hundred micrometres. of the rim. The 
significant, and can be either in a normal or reverse di 
(Fig. 3). | hy le eS 






The “°Ar/2°Ar age standards are listed in Table 1 and results 
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Table 3 





Cindery Tuff integrated 


Ceea aeea me etinnttettntntantnneneanirinsinetctersnnigien 


Tnt, aget 


meen, AT I LES———--—-- oe 


Wars 3° Ar data 






ce Mass Vol. atmos"? J WAr*/ Ar, 
+ Expt (g) Arf Ar (x1077) Var) Ar (x1074) (Int.) (Myr) 
= Maka feldspars iy sie Z ee 
47 1.158 327 +1 7.44 3.673 + 0.003 5.03 4.1620.12 3780H a 

18 2.312 348 +1 wae 3.751+0.002 5.03 4.76 £0.06 4.33 +0.06 
28 1.089 3542 3.63 3.761 + 0.002 5:25 3,93 + 0.09 3.72£0.10 
29 1.450 32241 9.35 4.034 + 0.002 5.25 - 4.194008 3.96% 0.09 — 
334 0.958 55549 1.27 3.0704 0,001 5.25 44820.08 4,23 +0.10 

Bodo feldspars p ary ee ne ee ec ash 
48} 4,034 58143 1.06 © 3.333+0.001 — SREE- 0440 +0.003 4050.03 
49} 5.158 6474 0.80 3.374 +0.001 51.0 0.425 0.002- 3.90+0.02 
70} 0.753 54545 103 3.164 + 0.002 47,4 — « O.43940.005° — 3.75+0.04 

Bodo basaltic glass a | 
5 1.740 320+} 11.60 2.868 + 0,003 53.2 0.4.10 + 0.005 3.93 40.05 

Bodo rhyolitic glass sds | | 
53 0.955 409 +1 AL29 0.122 + 0.001 52.4 0.422 +.0.003 3.98 +0.03 

Feldspar age averages Maka i Bodo All 

Simple av. integrated age 4.004 0.12 3.90 £0.09 3.97 +0.08 

Wd av. integrated age 4.09% 0.12 3.92 £0.07 3.9440.05. 

Simple av. plateau age 3.854012 3.85 t00 3.85 40.08 

Wid av. plateau age 3.90 +0.08 3.852 0.05 3.85+0.03 












+ Ar/°"Ar ages are relative to hornblende 3 gr having an age of 1,070 Myr. ; OO 
ERF fusion: Expt 70 was a Single step fusion. All errors are +1 s.d. Age is calculated from: t= In(14+J{°Ar*/ *°Ar})/A. Constants used are those from ref 16.0 


used for dating are only about 80% pure basaltic glass due to | 
the presence of ubiquitous included and adhering minerals, Due _ 
to the impurity of these separates, detrital or xenocrystic con- 
tamination cannot be ruled out. — 
The CT feldspar age spectra in Fig. 4 show a consistent pattern. 
There is a general drop in the apparent age in the early part of | 
the “Ar release, with a relatively flat region in the middle of — 
the spectrum. The large mass, higher precision runs (experi- — 
ments 48 and 49) have age plateaus in the 30-90% 3 “Ar-telease 
region. This section of the argon release had very homogeneous _ 
*’Ar/*°Ar (equivalent to Ca/K) ratios, and this was the case _ 
with all of the feldspar runs. It was decided, therefore, that the _ 
best part of the age spectra for calculating a ‘plateau’ age would _ 
be the 30-90% “’Ar-release portion, since this represents that _ 
part of the release which is sampling the most uniform K and __ 
Ca compositions, and is thus likely to be the most representative _ 
part of the bulk mineral. The plateau ages in Table: 3 are 
accordingly calculated from fractions which approximate, as __ 
closely as possible, to the 30-90% >°Ar-release region, o oo 
No plateau age was calculated from the complex age spec- 
trum of the basaltic glass sample (experiment 52, Fig. 4H). 
In contrast, the rhyolitic glass sample age spectrum (ex- 


mineral separates from sample A81-37 (Maka) were analysed, 
The material for experiments 17, 18 and 28 was from a single 

-o parate which was the least magnetic feldspar fraction; a 
~  €parate with intermediate magnetic susceptibility was fused in 
1 experiment 29, and the most magnetic fraction was analysed in 
- experiment 33, In order to increase the age precision on sub- 
sequent runs of sample A81-1 (Bodo), a much larger mass of 
CT was processed for mineral separates. Experiments 48, 49 
and 70 were analyses of the same feldspar separate of A81-1. 

Splits of these feldspar separates used for “Ar/2°Ar geo- 
chronology were studied optically and analysed with a micro- 
probe (Table 4). All compositions fell within the An18 to An45 
range, the same as documented for those feldspars with attached 
clear glass (Table 4, Fig. 3). 

A very pure separate of rhyolitic glass was fused in experiment 
53. Optical and microprobe studies show that it contains no 
phenocrysts or microlite inclusions and that it yields a single 
compositional population (Table 4). 

A basaltic glass concentrate was run in experiment 52. The 
basaltic glasses are compositionally more variable than the rhyo- 
litic glasses and they commonly contain microlites or mineral 

inclusions of pyroxene, feldspar, and Fe-Ti oxides, Separates 
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Fig. 4 Step-heating *Ar/* Ar age “Tau 
Spectra. from. the Cindery Tuff E p o 
‘samples. A-C, Analyses of A81-37 E RE EEE 


© (Maka) plagioclase separates. D, 


=. ‘Results of an analysis of A81-37 5 °f bee si ERER 
_ plagioclase with clear inclusions. E, $ 
- Spectrum of an A81-37 plagioclase = < 
with opaque, magnetic inclusions. F, Q 


G, Spectra from an A81-1 (Bodo) 2 
plagioclase separate. H, Analysis of 
an A81-1 basaltic glass concentrate. 

I, Spectrum from an A81-1 rhyolitic 

` glass separate. See Table 3 for fur- S 
ther details of these runs. 





EXP 52 CY BASALTIC GLASS 



















release. 


. Table 3 gives the averages of the CT feldspar Ar/ IAr ages. 


nes a plateau over the entir 


< There is no significant difference between the Maka and Bodo 
“results, but, overall, the plateau ages tend to be slightly lower 
than the integrated ages. Generally, though, the feldspar ages 
“cluster around the region of 3.8-4.0 Myr, which is in very good 
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Table 4 Cindery Tuff 


-agreement with the rhyolitic and basaltic glass integrated ages. 


(CT) glass shard and phe 





CT at Bodo locality 


Rhyolitic 
glass 
75,680.33 
0.21 +0.01 
12,300.16 
3.72 +0.04 

ND 

ND 
1.00 +0.09 
4.14+0.28 
3.96260,11 
0.10+0.01 


6.02 +0.65 
(21) 


Ferrohedenbergite 


48.24+0.36 
0,40 +0.07 
0.72+0.17 
ND 
0.57+0.38 
28.71+0.44 
0.75+90,11 
1.76+0.44 
19.57 + 0.36 
100.72 
(10) 


Bodo locality 


Basaltic 
_ glass 


§1.83 + 1.67 
3.39+0.23 
13.78 +0.62 
14.62 +0.74 
0.22 +0.03 
4.49 +£0.75 
9.06+0.51 
1.7320.35 
0.94+0.17 
ND 


9.24+1.17 
(17) 


Bodo locality 
Ferroaugite 


48.92+0.43 
0.39 +0.10 
0.89 +0.28 
ND 
1.72+1.19 
33.47+2.55 
0.67 + 0.06 
5.60 + 1.63 
18.97 +0.37 
100.63 
(5) 


Maka locality 








nocryst analyses and whole roc 
















to see if there was any evidenc 
zircon population. The standard 
ages, 0.93 Myr, is very cl 





CT at Maka locality 


Rhyolitic 
glass 
75.82 +0.21 
0.22 +0.04 
12.35 +0.33 
2.66 + 0.07 

ND 

ND 
1.00 + 0.06 
4,04 + 0.08 
3.99 + 0.04 
0.10+0.01 


6.44 = 1.62 
(24) 


Augite 


§0.73 +0.10 
0.42+0.11 
1.25 £ 1.24 
0.04 + 0.06 
1.53+0.54 

16.47 + 1.62 
9.53+0.11 

11.23 +0.66 

17.73 + 0.64 

100.93 
(3) 







Oligoclase- Oligoclase- 


andesine 


Oligociase- 


Basaltic 
glass 
§2.62+1.37 

3.51+0.24 
13.35+0.19 
14.25+0.84 
0.21 +0.04 
4.33 £0.45 
8.80 +0.60 
1.89 +0.48 
1.02 +0.16 
ND 


1.28+0.98 
(16) 


Ferrohedenbergite 


48.23 +0.73 
0.39 + 0.08 
0.92+0.16 

ND 
1.184 1.34 
277.88+1.19 
0.814£0.13 
1.69+0.78 

19.894 0:26 

100.99 
(10) 





fission 


on track analyses of 
egrated age from the 11 CT 
, which is in good agreement 
idual grain ages were calculated 
' detrital contamination in the . 
deviation of the single grain 





k analyses for nearby Af 


ose to the standard deviation ex 






Ida Ale 
rhyolites 
74.36 + 1.28 
0.18 0,02 


12800.51 


2.45 + 0,30 
0.06+0.04 
0.61 +0.01 
0.84 + 0.26 
4.85+0.34 
3.49+6.18 


0.02 +0.01 
0.89¢ 
(28) 


ir volcanic rocks = 


Afar volcanics 





Afar series 
tholeiites 
50.81 + 0.66 
3,150.29 
14.04 +0.37 
14.23 +0.30 
0.27 +0.04 
4.03 +1.18 
8.55+0.51 
3,42 +0,13 
0.79+0.14 


0.58+0.13 
0.00% 
(11) 


0.54 
(1) 


Maka locality 


Ferroaugite 


48.86240.27 
0.4540.10 
1.20+0.25 

ND 
0.744 0.54 

25.19 0.86 
OSII 
4.31 40.72 

19,62 +0.26 

191.18 
(4) 


Augite 


50.58 + 0.67 
1.09 + 0.34 
2.12+0,54 
0.15+0.18 
0.95 +0.99 

14.88 + 3.90 
0.3220.14 

14.3221.77 

15.69 +.1.49 

(6) 






























vandesine andesine 


es (B) 
60,391.17 
OUO 24430.76 
uar 0.310.038 
o GOLÜ? 


60.68 + 1.57 
0.30 0.05 
6,48 + 1.30 
7.35 £0.48 7.09+0.57 
0.56 +0.13 0.47 +0.16 
98.74 9947 
(24) 






(C) 
62.29 +0.78 
_-23.73+0.54 
0.27+0.04 
§.5941.15 
6.78 £0.47 
0.56+0.10 
99.22 

(7) 





(n) 
ade on an ETEC Autoprobe fitted with a 





SiO(%) 
TiO: 
Fe,0, 
FeO 
MnO 
Total 


Bodo locality 


Ilmenite 


Magnetite 
0.42:£0.10 


Maka locality 


Iimenite 
0.31 +0.12 


Magnetite 
0,68 + 0.26 


0.39 +0.05 
49.65+0.34 | 
0,32+0.06 — 
4,.64+40.40 
44.23 £0.47 
0.77 + 0.06 





2,430.48. 
“A258 0.38 
54.70 +1.28 
0.62 40.07 
99:60 
(5} 


n Ortec Si(Li) detector: Micr 


+ 


0.35 +095 
4,40: 1.40 
44.15+1.42 
1.08+0.14 
100.22 


(8) 


oprobe operated at 20KV with. 
23 nA; counting time 100s. Data reduction by modified version of PESTRIPS.. 
ides determined by stoichiometry. The means + Is. 


26.79 + 0.36 
1.28 +0.07 

555.30+0.88 
06S+007 
96.39 - 
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: ) d; are given. Whole rock analysis. 
but their compositions suggest they are derived from the same population as A` ` 
nt data and calculated for Bodo and Maka CT rhyolite glasses, is 0.942. ND, not detected; n, no. 
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from track counting statistics. The fission track results agree 
with the “°Ar/*?Ar ages in Table 3 and are consistent with the 
hypothesis that there is a single population of CT zircons which 
are about 4 Myr old. 


~ Conclusions 






-The Cindery Tuff is a primary air-fall unit, which, in the Middle 
Awash district, accumulated in a shallow lacustrine environ- 
ment. Its horizontal bedding and the manner in which it drapes 
the subdued, undulatory palaeotopography argue for a primary 
origin and the absence of obvious detrital components suggests 
that local reworking was not important. Its grain-size and sorting 
characteristics are also compatible with primary air-fall 
deposits*’. Given the mixing of rhyolitic and basaltic com- 
ponents, we feel that CT is very likely the produce of a mixed- 
magma eruption??? 

CT basaltic glasses are compositionally similar to Pliocene 
tholeiitic flood basalts from the adjacent west-central Afar vol- 
cano field’ (Table 4). Furthermore, the rhyolitic glasses, even 
though severely hydrated, are similar to subalkaline rhyolitic 
lavas from Ida Ale (Fig. 3), which is less than 100 km north of 
the Middle Awash deposits. Preliminary grain-size analysis of 
CT samples from Matabietu and Sibahkaietu js compatible with 
a source north of Matabietu. Thus, from geochemical and geo- 
graphical considerations, Ida Ale is a likely source for the 

Cindery Tuff. 
a The average of eight CT feldspar *’Ar/?°Ar integrated ages 
$ ìs 3.97 +0.08 Myr (+10) which is in excellent agreement with 
“the integrated “Ar/3*Ar ages from both the basaltic (3.93 + 
0.05 Myr) and rhyolitic (3.98 +0.03 Myr) glasses, and with the 
zircon fission track age (3.93 +0.28 Myr). The feldspar plateau 
ages average only slightly lower at 3.85+0.08 Myr, and are in 
general agreement with the glass and zircon results. The bulk 
of the geochronological evidence clearly points to an age of 3.8 
to 4 Myr for the Cindery Tuff. 

However, from Table 3 it is apparent that the scatter about 
this mean age, while not large given the low K content of the 
feldspar, is greater than can be accounted for by measurement 
error alone. It is possible that there is a variation in the argon 

‘isotope concentrations which is only averaged out when large 
masses are analysed. Small samples, like those used in experi- 
ments 33 and 70, are more susceptible to this variation than 
are the large samples, such as those in experiments 48 and 49 
which had masses of 4g or over. Detrital contamination by 

older material is one possible cause for such a variation. 
ag@owever, this seems to be an unlikely possibility, For the four 
“Mifferent phases (plagioclase, basaltic glass, rhyolitic glass and. 

zircon) to have the same apparent age, the tuff must have been 
contaminated with just the right fortuitous blend of these 
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materials. This consistency between phases also ar, 
there being any systematic excess Ar in the feldspa 
taken the approach that the age fluctuations in tl 
average out when one analyses either many sample 
samples, and that the average age is a reasonable appr 
to the age of the Cindery Tuff. as 

The low K-contents of the CT plagioclases make the 
than ideal material for K-Ar dating. Inhomogeneity of K- 
centration within individual feldspar grains may be the cai 
some of the structure in the feldspar age spectra. Inte 
redistribution of *’Ar due to recoil effects could produc 
apparent ages for the K-rich parts of the grain (low temperat 
while Ca-rich regions (high temperature) would have their ag 
lowered. This could also be the cause of the more severe diste 
tion in the age spectrum of the basaltic glass. The basaltic glass _ 
separate is not pure; it contains numerous small inclusions. — 
Internal redistribution of *°Ar from recoil would distort the age 
spectrum while leaving the integrated age unchanged****. Itis 
interesting to note that the age spectra from experiments 48 _ 
and 49 have virtually the same Shape as those of the KBS _ 
anorthoclase*” and therefore these features may be quite com- | 
mon with young feldspars. The rhyolitic glass separate is clear 
and homogeneous, and its age spectrum is comparatively simple. _ 

The Cindery Tuff provides a reliable age for the upper part — 
of the Sagantole Formation*’. The Kalaloo beds, in the upper 
Sagantole Formation, contain fauna—particularly Theropithecus a 
and Mammuthus—that are similar to fauna in the lower Hadar | 
Formation* but also contain some dissimilar elements”. A3.8 
to 4.0 Myr age for CT is consistent with preliminary biostrati- 
graphic correlations. Based upon these correlations, the Sidi 
Hakoma Member of the lower Hadar Formation is probably _ 
not older than 4.0 Myr. These data, however, only suggest that _ 
the Sidi Hakoma Member is younger than 4.0 Myr, and donot | 
resolve the current controversy over the absolute age of the 
Lower Hadar?!~*4, ee 
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dozen grid squares were filled with a layer of 
= adequate thickness. Electron diffraction confir- 
med that the specimen was vitrified. The micro- 
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Thin vitrified layers of unfixed, unstained and unsupported virus suspensions can be prepared for observation by 
cryo-electron microscopy in easily controlled conditions. The viral particles appear free from the kind of damage caused 
by dehydration, freezing or adsorption to a support that is encountered in preparing biological samples for conventional 
electron microscopy. Cryo-electron microscopy of vitrified specimens offers possibilities for high resolution observations 
that compare favourably with any other electron microscopical method. 
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ALL biological specimens are damaged during preparation for the devitrification temperature (Ty = 140 K); and ( 4) observing 
electron microscopy. For particles in suspension, damage 1s it below T, and with an electron dose low enough to preserve 
caused by dehydration, adsorption onto the supporting film and the structure of the specimen. 

by the attempts of the electron microscopist to increase the As discussed below, all these operations are casy to perform 
contrast. Chemical fixation, metal shadowing and negative stain- and take about the same time as the very simple negative staining 
ing are excellent methods, but they all rely on changing the procedure. Apart from the requirement for a cooled specimen 
-specimen in order to make it more suitable for observation. As holder, operating contamination-free below 140 K, there is no 


“a result electron microscopy has become a highly successful need for special instruments or installation. 
science, but the material observed is generally very different The formation of a thin layer of aqueous suspension may 
from the original sample. initially seem difficult, considering the high surface tension of 
Cryo-electron microscopy has long been seen as a potential water, which tends to minimize the surface to volume ratio. This _ 


method for preserving the specimen in a state closer to its native difficulty can be overcome, however, when the appropriate 

state’, The value of the approach was demonstrated by Taylor © surface property is given to the supporting film**”. A stable 
-and Glaeser’, who showed by electron diffraction that the peri- thin layer forms readily in the absence of a supporting film when 
odic order of frozen-hydrated catalase crystals can be preserved the liquid is stretched over the holes of a hydrophilic surface. 
down to less than 3A resolution, whereas it is destroyed in In practice, we put a drop of solution on a clean uncoated 
air-dried specimens. Another turning point was the discovery 200-600-mesh copper specimen-supporting grid, remove most 
_ that pure water or any aqueous solution can be cooled rapidly of the liquid with blotting paper and then freeze. On most 

enough to prevent formation of ice crystals**. Based on this specimen grids at least some squares are filled with a film of 
phenomenon, we have developed a simple method for preparing adequate thickness (<3,000 A). Better results are obtained if 
and observing frozen-hydrated specimens from native biological the layer is allowed to become thinner by evaporation while 





suspensions”. being observed under a low-power microscope. The specimen 
M thodol is frozen after a few seconds, when many grid squares have the 
Vietnodology right thickness. We refer to this method as the ‘bare grid 


The preparation and observation of frozen-hydrated biological method’. Figure 1 shows a specimen of adenovirus prepared in 
particles involved the following operations: (1) forming a thin this way. An alternative way of preparation, referred to as the 
layer of the suspension, (2) cooling it into the vitreous state; ‘perforated film method’, consists of mounting the specimen 
(3) transferring it into the microscope without rewarming above across the holes of a hydrophilic carbon film. As with the bare 


Fig. 1 Thin layer of vitrified suspension of 
unstained and unfixed adenoviruses type 2, pre- 
pared by the bare grid method. A 5-pl drop of 
suspension containing about 5x 10" particles 
per ml in hypotonic solution was put on a clean 
uncoated 200-mesh copper grid (Science Ser- 
vices, Miinich) pretreated by glow discharge in 
air’. The grid was held by a tweezer mounted 
on a guillotine and was observed with a stereo- 
scopic microscope at X20 magnification. Most 
of the liquid was removed by touching the grid 
edge with a blotting paper. In the next few 
seconds, evaporation caused the liquid layer, 
spread over the grid holes, to break. When 
-about half of the grid holes were still filled, the 
- grid was allowed to fall free from a height of 
-© 6 emintoa 1.5-cm deep liquid ethane container, 
‘cooled close to solidification temperature by 
liquid nitrogen. The grid was transferred to 
liquid nitrogen, mounted in a cold stage 
PW6591/100 (Philips) and rapidly introduced 
into a Philips 400 electron microscope where 
“jt was kept below 110 K during observation. A 







graph was recorded with 80 kV electrons at X12,500 magnification, with a total dose of 10e A~? and ~8 pm underfocusing. The layer is 
eed 0 A thick. Note the uniform distribution of the viruses and their well defined shape. The superposition of the upper and lower side of 
the viruses makes the surface structure difficult to interpret. Spikes are visible in favourable cases (arrow). Ice contaminants on the surface 


A are marked (I); 
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grid method, a drop of solution is put on the grid and the 
specimen is frozen immediately after removing most of the liquid 
with blotting paper. The stabilizing effect of the perforated 
support ensures that a majority of holes become covered with 
.. an adequate layer of suspension. T4 bacteriophages prepared 
=- by the perforated film method are shown in Fig. 2. 

X%  Vitrification of pure water or dilute aqueous solution is 
achieved by rapidly cooling the liquid. With layers of less than 
1 um, it is sufficient to immerse the specimen in an efficient 
cryogen (for example, liquid ethane or propane but not liquid 
nitrogen”). The grid, kept under liquid nitrogen, is then trans- 
ferred into the cold stage of the microscope which is in turn 
introduced into the electron microscope. The fact that the speci- 
men is still vitrified in the microscope demonstrates that freezing 
and transfer have been done correctly. 

The nature of amorphous solid water (H,0,,) or vitreous ice 
remains unknown'”. The fact that it can be obtained by rapid 
cooling of the liquid supports the idea that a continuity of state 
exists between the liquid and H,0,,. The latter should thus be 
considered as the extreme case of supercooled water. H,O, is 
in a metastable state, and devitrifies into cubic ice when it 
receives enough energy. This is the case when the sample is 
warmed above the devitrification temperature Ty. At a lower 
temperature, crystallization may take place under strong elec- 
tron irradiation>, or when mechanical stress js applied''. In the 
electron microscope, the layer of H,O,, appears as a high 
viscosity liquid. Particles in a broken vitrified layer can be 


-observed flowing towards an electrically charged corner, where 


; all the material evaporates. Heavily irradiated hydrophobic 
“polystyrene spheres can also be seen to jump out of the film, 
leaving a hole which soon seals. The total absence of structure 
presented by a pure H Os layer at the resolution considered 
here is another consequence of its vitreous state. Even the 
focus-dependent phase contrast graininess produced by any 
scattering solid cannot be detected. In fact, unless some particles 
are added to the H,O,, layer, there is no difference between its 
image and that of a hole, exposed to the same optical density. 

The contrast of frozen-hydrated specimens is low, typically 
three times lower than for freeze-dried specimens. If amplitude 
contrast only is considered, a 60 A diameter globular protein 
is theoretically the smallest that can be detected with an electron 
dose compatible with beam damage". In practice, much smaller 
structures can be detected, as for example the fibres of the 
bacteriophage T4 or even DNA molecules (Fig. 2). This is 
because phase contrast also participates in the image formation 
and, in fixed beam electron microscopy, is more efficient than 
amplitude contrast 1324, Unfortunately, the phase contrast infor- 
“mation is not transferred equally well for all dimensions. For 

the large defocusing value AF, used in this work, optimal transfer 
is obtained for dimensions d such as d?=2A AF /(2n-1), 
whereas no transfer takes place for d?=AAF/n. In these 
equations A is the wavelength of the electron and n is any 
integer. For stained specimens it is usual to choose a defocus- 
ing value that gives the best phase contrast transfer around 20 A 
and to rely on amplitude contrast for much larger dimensions. 
This method is inadequate for unstained hydrated specimens 
because it leaves a gap between low resolution amplitude infor- 
mation and high resolution phase information. To bridge this 
gap, additional micrographs must be recorded with higher 
defocusing. Such a series may lead to a subjective image of the 
specimen but a precise quantitative description will require a 
. computer-aided processing of the micrographs (not made in the 
Present work). In Figs 1, 3, 4 and 6a, for example, the strong 
“defocusing reveals the overall aspect of the particles, whereas 
fine details are revealed in the more sharply focused images of 
Figs 5 and 6b. The fine details seen in the strongly defocused 
images must be interpreted with great caution. 

Electron beam damage is reduced around liquid nitrogen 
temperature. The cryoprotection factor, measured by the fading 
of diffraction points in organic crystals, is about 3 (ref. 7). The 

maximum dose, D., which can be applied without severe 
... damage, depends on the dimension of the structure. For vitrified 
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Fig. 2 Stereo view of T4 bacteriophages prepared by the perfor- 
ated film method. A 5-ul drop of suspension containing about 
2% 10'* particles per ml in water was put on a perforated carbon 
film” (average diameter of the hole 1.3 um) mounted on a 200- 
mesh copper grid and treated by glow discharge in air. The speci- ee 
men was prepared as for Fig. 1 except that most of the liquid was 
removed by firmly pressing blotting paper (Whatman; type fj = 
against the grid for 1s. The field shown is from a hole of the 4 
supporting film. The layer is 1,600 A thick, Electron optical mag- 
nification x 12,750. Tilt angle + 12°. The figure should be observed 
through a X2 magnification stereo viewer. The lower surface of 
the layer is revealed by contaminating ice crystals (1). The clean ae 
upper surface is not discernible. The complete bacteriophages are 
oriented roughly parallel to the surfaces. Shorter particles, like 
capsids, tails and needles (N), are more randomly oriented. Tail 
fibres (F) and DNA (D) are also visible. 


catalase crystals it is 40 and 70 e A~? for the reflections corres- 
ponding to about 20 and 70 A, respectively. The phenomenon _ 
of bubbling, caused by the hindered escape of volatile molecular _ 
fragments induced by the beam‘, becomes apparent at several 
tens of electrons per A’. Mass-loss or the effects caused by the | 
flow of water requires an even higher dose. Altogether, this 
means that high resolution images or even short tilt series can. 
be recorded in good conditions if one of the methods usually — 
used for low dose recording is applied. e 
The original distribution of the particles is generally well 
preserved when the unsupported vitrified layer of suspension is 
much thicker than the particles. The latter are then randomly — 
positioned within the layer. When the thickness of the layer is 
close to the dimension of the particles, the interaction with the 
surface becomes noticeable. Hydrophobic polystyrene spheres 


tend to come out onto the surface whereas hydrophilic viruses 
avoid the surface by leaving the thinnest regions (adenovirus) 


or by orienting their long axis in a plane parallel to the surface 
(vesicular stomatis virus, T4). An example is shown in the stereo = 
view of Fig, 2. : 

In principle, an aqueous suspension with any concentration 
of solute can be used to prepare frozen-hydrated specimens. A 
high concentration of sugar or glycerol, or a viscous suspension, 
does not disturb the preparation, but a high salt concentration 
(>1 M) leads, in some cases, to a grainy appearance. This may 
be due to a rearrangement of the material during freezing or 
to the effect of low dose irradiation. By changing the density of 
the solution, solutes also change the contrast of the particles. 
Furthermore, because some drying takes place before freezing, 
especially when the bare grid method is used, the final concentra- 
tion of solute in the vitrified state may be significantly higher 
than in the original suspension. Note also that, because the 


particles cannot adsorb to a supporting film, and because the © 


total volume of observed material is small, the original con- 
centration of the particles must be high. 

The excellent preservation of the particle shape is obvious in 
Figs 1 and 2. Figure 3 shows a vitrified Preparation of the very 
labile preheads of bacteriophage T4, unfixed in the high-salt 
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Fig. 3 Preheads of T4 bacteriophage. a, The prehead formed by the mutant Z1 and extracted by chloroform lysis in 0.5 M NaCl and one 
run of low speed centrifugation was prepared by the perforated film method, Electron optical magnification 25,000. The preparation shown . 


in b (courtesy of B. Keller) was obtained from 21 ts mutants, fixed in 1% glutaraldehyde and further purified on a glycerol gradient. It was 


prepared for electron microscopy by negative staining with 2% sodium phosphotungstate. Electron optical magnification X20,000. 








ated film method. A suspension containing ~5 mg protein per ml in 50 mM Tris, 100 mM 
000. Underfocusing, 3.5 um. Three selected images of virions projected 
used by 6-9 ym. Each image is duplicated and superimposed 
gnation of the 5- and 6-fold low density nodes. 


Fig. 4 Semliki Forest viruses prepared by the perfor 
NaCb?, was prepared as for Fig. 2. Electron optical magnification x15 
along their 2-fold axis are shown at higher magnification. They are underfoc 

with the schematic outline of the structure, the triangular network, or a desi 
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D Fig. 5 T4 and CbK bacteriophages mounted on carbon films pretreated by glow discharge in pentylamine*, In all three micrographs the 
== thickness of the vitrified layer is greater than that of the virus. Electron magnification x42,000. Dark spots (arrows) are gold particles deposited 
on the supporting film as focusing aids. The micrographs were underfocused by: a, 2.5 um; b, 0.5 um: c 1.2 um. The T4 tail structure is best 


seen in a, whereas the head structure is seen in b. The structure in th 
diffractogram by a pair of strong reflections at | /24 Å. The central part of 


e head of the bacteriophage CbK (c) is characterized in its optical 
the diffractogram originates froma strongly underfocused micrograph 


(not shown). It shows the reflections due to the helical structure of the capsid. Those corresponding to one side are circled. The 14th and 2 ist 


layer lines 


extraction medium (Fig. 3a), and fixed and desalted for the 
negatively stained preparation (Fig. 36). Other examples of 
good preservation are that polyheads of the bacteriophages T4 
are not flattened and the tails of the bacteriophages A are 
straight. 

The dimensions of the particles in the frozen-hydrated state 
are Close to their dimensions in liquid solution. Diameters for 
adenovirus, A bacteriophage and the isometric head of T4 bac- 
_ teriophage are 860 + 30, 630 + 20 and 850+20 A, respectively. 
hese values agree well with the reported respective low angle 





“NX-ray diffraction measurements of 840 (ref. 15), 640 (ref. 16) 





and 850 A (ref. 17). A more precise comparison can be made 
on organic crystals. For catalase crystals, the lattice parameters 
determined in water at room temperature by X-ray diffraction ë 
are, within 1% measurement error, identical with those 
measured in vitreous ice, taking ice crystals as calibration stan- 
dard. This excellent agreement is surprising, as pure H,O,, has 
a 5~7% smaller density than liquid water at room temperature® 
and would therefore be expected to expand by about 2% on 
vitrification. In this case also, vitrified water seems to behave 
like a liquid around the more rigid biological particles. 


Virus structure 


The structure of Semliki Forest virus remains controversial. 
pElectron microscopical evidence obtained on negatively stained 

‘preparations suggests, although with some ambiguity, that the 
envelope is icosahedral with a triangulation number T = 4 (ref. 
19), Biochemical evidence associated with independent determi- 
nation of the total mass of the virion seems incompatible with 
this value and suggests T = 3 (ref. 20). As can be seen in Fig. 
4, the geometry of the envelope of the Semliki Forest virus is 
clearly visible in frozen hydrated specimens. Because of the 
superposition of the two sides of the particle, only those viruses 
which are observed along their 2-fold axis are easy to interpret 











are marked. 


in projection. When this is the case, two 5-fold low density 
nodes on the opposite sides of the 6-fold central low density 
node are generally visible. This configuration is the unmistakable 
Signature of T = 4. 

The prolate icosahedral capsid of the T4 bacteriophage is 
formed by two opposed caps with triangulation number T = 13, 
joined by a quasi-cylindrical segment characterized by its Q 
number”, The ratio, R, of the length to the width of the 
capsid is directly related to Q. R varies by ~3% for two 
successive values of Q. Because of distortion during conventional 
specimen preparation, the value of R could not, until now, be 
measured accurately, When measured on micrographs similar 
to that of Fig. 2, R is found to be 1.431 +0.024. In principle 
this accuracy should be sufficient to determine Q without 
ambiguity. We tentatively confirm the previously suggested?“ 
value of Q= 21 and will report elsewhere (U. Aebi, J.D., E. 
Kellenberger, J. Lepault and M. Wurtz, in preparation) the 
detailed method for measuring R and for calculating its relation 
to Q, taking into account that capsomeres in the caps are bent 
differently from those in the quasi-cylindrical segment. 

High-resolution observations can also be made of frozen 
hydrated viruses. The structure of the tail of bacteriophage T4 
is Clearly revealed in Fig. Sa. Its diffractogram is characterized 
by a strong meridional reflection on the 7th layer line, corres- 
ponding to 41 A, and by strong intensities on the 2nd and Sth 
layer lines, This agrees with results obtained previously on 
negatively stained images***°. The arrangement of the DNA in 
the intact T4 head is more clearly visible than in previous studies. 
In addition to the pattern of concentric ellipses already 
described*’*, some heads show a pattern of parallel lines separ- 
ated by about 23 A and oriented along the long axis of the head 
(Fig. 5b). In the elongated head of bacteriophage CbK, the 
previously undetected periodic structure of the material 
inside the capsid is responsible for the characteristic aspect 
of the image and for the strongest reflections of the optical 




















Fig. 6 Vesicular stomatitis viruses prepared by the perforated 
ñim method. Electron optical magnification x43,000. The micro- 
graphs were underfocused by: a, 4m; b, 0.7 pm. The reflections 
which are found to be relevant, when other micrographs are also 
considered, are marked in the diffractograms. 


diffractogram (Fig. 5c), and corresponds to a distance of ~24 A 
along the head axis. The lattice constant of the capsid is 
about 120A2°. In frozen hydrated specimens, it is visible in 
strongly defocused images. 

The general aspect of vesicular stomatitis virus is seen in the 
strongly underfocused image of Fig. 6a, whereas the fine struc- 
ture is better revealed in Fig. 6b, which is more sharply focused. 
The optical diffractogram reveals many more reflections than 
the previously observed 50 A periodicity*®. Their interpretation 
must take into account the fact that the virus appears polymor- 
phic, probably because most of the particles are partially 
degraded. 
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Conclusion 

The usual preparation artefacts of electron microscopy seem 
to be largely avoided in unsupported vitreous specimens—in 
particular there are no artefacts due to staining, fixation and 
adsorption. It seems also that the thin layer of suspension is a 
representative sample of the bulk material, although there 
remains the existence of long-range interactions with the surface 
and a concentration effect caused by partial drying before freez- 
ing. Although at some level differences. must exist between 
the vitreous and the liquid state, our observations show that 
the vitreous state is a good static model of the liquid suspen- 
sion. , i‘ 

Fine details of biological structures are clearly revealed in 
frozen-hydrated specimens. All the structures previously 
described in the viruses we have observed have also been shown 
in frozen-hydrated specimens and several other important struc- 
tures have been revealed here for the first time. This demon- 
strates once more that it is not the signal produced by a given 
structure which is important, but its signal-to-noise ratio. The 
disadvantage of the low contrast presented by frozen-hydrated 
specimens seems, in many cases, to be more than compensated 
for by their low structural noise. In particular, the reduced 
distortion allows us to take more advantage of periodic struc- 
tures and the absence of structure in the supporting water makes 
the particles appear—though with low contrast-—as if they were 
suspended in a vacuum. 

Future work to establish the potential of this new electron 
microscopy technique should take account of the following, 
points: (1) Water molecules seem to be mobile under the elec- ` 
tron beam. Small molecules in solution or even biological struc- 
tures could also be rearranged. This is surely the case for the 
molecular fragments causing bubbling. Preliminary evidence 
suggests that this may also be the case at low dose in concentrated 
salt solution. The extent to which the vitreous material can still 
be regarded as a static model of the liquid should be explored. 
(2) In some instances, the upper and lower side of a particle, 
in an unsupported layer, do not appear symmetrical. It is possible 
that the contrast may be influenced by interaction with the 
surfaces. (3) A strong positive staining effect occurs with biologi- 
cal particles when a low concentration of heavy metal salts is 
added to the liquid solution. Exploiting this possibility for 
increasing contrast could be useful in complementing the study 
of unstained material. 
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We have cloned and sequenced cDNA for the receptor that mediates the endocytosis and transcellular transport of Ig 
and IgM across many glandular epithelia into external secretions. This receptor contains five extracellular domains which 
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The receptor for transepithelial transport of 
IgA and IgM contains : 

multiple immunoglobulin-like domai 
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are strikingly homologous to each other and to immunoglobulin variable regions. 








MANY types of glandular epithelial cells synthesize a receptor 
that mediates transcellular transport of polymeric IgA and IgM 
into external secretions! ™?. This receptor binds these polymeric 
immunoglobulins (poly-Ig) at the basolateral (or in hepatocytes, 
Sinusoidal) cell surface. The receptor-ligand complex then 
undergoes endocytosis and the complex is transported across 
the cell in vesicles and exocytosed at the apical (or in 
hepatocytes, bile canalicular) cell surface**. During this process 
of transcytosis’ the ligand-binding domain of the receptor is 
proteolytically cleaved and subsequently discharged into the 
4 External secretion in association with the poly-Ig*”. Thus, this 
A receptor is used for only one round of transport. 

™ Historically, the ligand-binding domain of the receptor that 
is discharged with the poly-Ig was discovered first!®!' and 
termed secretory component (SC). Subsequently, several 
laboratories observed that SC, or a molecule immunologically 
related to SC, was found on the basolateral surface of epithelial 
cells and suggested that this molecule was the receptor for 
poly-Ig'*"'®, Using cell-free translation? and, later, pulse-chase 
experiments" we established that SC was not synthesized as a 
secreted protein but as a much larger transmembrane precursor. 
These experiments demonstrated that SC is the proteolytically 
cleaved, extracellular ligand-binding domain of the poly-Ig 
receptor. 

We report here the complete primary structure of the poly-Ig 
receptor deduced by cloning and sequencing DNA complemen- 
tary to poly-Ig receptor mRNA isolated from rabbit liver and 
lactating mammary gland. The complete poly-Ig receptor 
primary translation product consists of 773 amino acids. Starting 
yet the amino terminus, the structure consists of a signal peptide 
“Nef 18 amino acids; an extracellular poly-Ig-binding portion of 

629 amino acids; a membrane-spanning segment of 23 
uncharged, predominantly hydrophobic residues and a cytoplas- 
mic tail of 103 amino acids. The extracellular poly-Ig-binding 
portion consists of five highly conserved domains of approxi- 
mately 100-115 amino acids. A sixth more distantly related 
domain follows these five and includes the membrane-spanning 
portion of the molecule. When the sequence of the poly-Ig 
receptor was compared with those of other known protein 
sequences, a significant degree of homology was observed 





between these domains and the variable (V) region of immunog- 


lobulins as well as related proteins, such as Thy-1. Thus, the 
region of the poly-Ig receptor that binds immunoglobulins is 
itself structurally related to a portion of its ligand. 


¿Cloning of poly-IgR cDNA 





“We constructed cDNA libraries from rabbit liver and lactating 


mammary gland, two tissues containing an abundance of poly-Ig 
receptor mRNA. Individual mammary clones were screened for 
the ability to hybridize select mRNAs coding for poly-Ig recep- 
_ tor polypeptides. The first clone so identified was used to screen 


the remainder of the mammary library by colony hybridization, _ 


_ and clone p32,23 was the largest selected by this procedure. 


>o We-have previously observed that rabbit poly-Ig receptor has © 
four related primary translation products: two polypeptides of. z 





data, the cytoplasmic tail of the molecule consists of 10 





90-95,000 apparent molecular weight (MW) and two poorly — 
resolved polypeptides of 70~71,000 apparent MW. The clone © 
p32,23 selected mRNA coding for all four polypeptides (Fig. 
la). Northern gel analysis of both liver and mammary gland | 
mRNA probed with nick translated p32,23 revealed hybridiz-__ 
ation with two broad bands of approximately 3.8 and SES 
kilobases (kb) (Fig. 1b). Presumably, these represent the mRNA 
species coding for the four translation products. ee 

The mammary clone p32,23 was used to identify liver clone | 
p21,53 and both were sequenced using the Sanger dideoxy 
method’? (Fig. 2). p32,23 included the poly(A) tail and extended 
1,563 residues from the 3’ end of poly-Ig receptor mRNA, | 
p21,53 began 362 residues from the poly(A) tail and extended 
an additional 3,155 residues. The two clones were identical over — 
the 1,201 bases of overlap, in spite of having different tissues 
of origin. We believe that the cDNA was cloned from one of | 
the 3.8 kb specie(s) of mRNA observed on the Northern blots. 
in Fig. 1b because the size more closely approximates that of r 
the full length cDNA. Hence, we estimate that approximately — 
283 base pairs at the 5’ end of the mRNA are not represented 
in p21,53. 


Deduced amino acid sequence of poly-igR 
The complete sequence of the cloned cDNA inserts in p21,53 _ 
and p32,23 extended for 3,517 nucleotides, excluding the _ 
poly(A) tract and poly(dG) tails (Fig. 3). An open reading frame 
of 2,369 residues was observed to extend from: nucleotides — 
73-2,442. The 31 amino acids coded for by nucleotides 178-271 - 
are identical, with two exceptions, with the reported amino _ 
terminal sequence of SC determined by Edman degradation’? 

residue 28 is Cys, not His; and residue 31 is Pro, not Asp. The 
amino terminal residue of SC (Gin) is designated amino acid: — 
number 1. It is preceded by an 18 amino acid segment that 
begins with a Met and which is similar to the signal sequences 
described for many membrane and secreted proteins: i4ofthe — 
18 amino acids are hydrophobic and the terminal residue (Ala) _ 
has a small neutral side chain'®. The amino acids of the signal 
peptide are numbered —18 to —1. The translation initiation site 
is assigned to the AUG codon at the beginning of the signal 

peptide (nucleotides 124~126). Thus, there are 123 untranslated _ 
nucleotides on the 5’ end of the open reading frame and an 
unusually long 3’ untranslated region of 1,075 nucleotides. — 


There is a stretch of 23 uncharged, predominantly hydro- — 


phobic residues (positions 630-652) which are preceded by a 
Lys and followed immmediately by the extremely basic sequence 
Arg-Ala-Arg-His-Arg. These features are typical of membrane- 
spanning segments from a variety of transmembrane proteins”? 
On this basis, we propose that these 23 residues constitute the ` 
membrane-spanning segment of the poly-Ig receptor. This 
stretch also contains a single proline, indicating that the structure- 
may kink as it crosses the membrane. me ee es 
We have previously determined that the carboxy terminal 

end of the poly-Ig receptor constitutes the cytoplasmic tail of 
the protein’. Based on the analysis of the primary sequi 
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Identification of cDNA cl rabbit. ° 
 poly-ig receptor mRNA. a, Transi: on of 
- mRNAs selected by hybridization to p32,23 
DNA. Lane 1, antiserum to rabbit SC-IgA com- 
plex (anti-SC, Cappel Laboratory) was used to 
precipitate the translation products of total rabbit 
liver RNA. Lanes 2-4, the translation products 
of mRNAs selected by hybridization of total rab- 
bit liver RNA to plasmid DNAs immobilized on 
nitrocellulose filters. In lane 2, pBR322 DNA was 
immobilized on the filter and anti-SC was used 
to immunoprecipitate the translation products 
from selected mRNAs. Lanes 3 and 4 are the 
products obtained by immunoprecipitating the 
translation products of mRNAs selected by 
p32,23 with non-immune goat serum (lane 3) or 
anti-SC (lane 4). Lanes 5-7 are identical to lanes 
2-4 respectively, except that total RNA from rab- 
bit lactating mammary gland was used instead of 
liver mRNA. 6, Northern blot analysis of total 
poly(A)-containing mRNA from rabbit liver (lane 
1) or lactating mammary gland (lane 2) probed 
with nick translated p32,23. Positions of MW 
standards (HindilI-cut A phage DNA) are indi- 
- cated at left. 
Methods: Constructing and screening of cDNA 
libraries. Total poly(A)-containing mRNA from 
rabbit liver and lactating mammary gland was prepared and size selected by sucrose gradient centrifugation’. Gradient fractions enriched for 
mRNA coding for the 90-95,000 MW poly-Ig receptor forms, as determined by cell-free translation’, were pooled. First strand synthesis was 
performed by incubating the following reagents in a final volume of 100 pl at 42°C for 1.0 h: 5.0 pg of liver or mammary gland mRNA, 10 wl 
of 10x buffer (1.4 M KCI, 0.5 M Tris-Cl pH 8.1, 80 mM MgCl.,), 5 pl placental RNase inhibitor (Bolton, 30 U pl'); 20 pl dNTPs (2.5 mM each 
of all four dNTPs); 4.0 pl oligo(dT, _g500 ug ml’, Collaborative Research); 4.0 pl [?*P-a]JdATP (10 mCi ml” ! NEN); 5.0 pl avian myleoblas- 
tosis virus reverse transcriptase (RVTase, 14 U pl” ' J. Beard). The reaction mixture was then boiled for 3 min, cooled on ice, centrifuged for 
2 min in an Eppendorf microfuge, and the pellet discarded. Second strand synthesis using a novel procedure designed to maximize full-length 
synthesis was initiated by adding the following reagents: 1.0 pl DNase-free RNase (5.0 mg mi~’, Sigma); 10.0 pl of all four dNTPs (2.5 mM); 
2.0 pl [P P-a dATP, and 5.0 pl RVTase. After a 2 h incubation at 42 °C the reaction was diluted with an equal volume of H,O. 1.0 pl of Klenow 
fragment of E. coli DNA polymerase 1(7.5 U pl’, NEN) and 1.0 pl RVTase were added and the mixture incubated for an additional 30 min 
at 37°C. The mixture was extracted with phenol-chloroform and precipitated with ethanol. The double-stranded cDNA was cleaved with 
Aspergillus oryzae S, nuclease (BRL). Double-stranded cDNA was size selected by sucrose gradient centrifugation and molecules greater 
than 1.0 kb were collected. Oligo(dC) tails were added with terminal transferase (PL Biochemicals)” and the poly(dC)-tailed cDNA was 
annealed to PstI-cut, poly(dG)-tailed pBR322 plasmid DNA (NEN). CaCl,-treated E. coli MC1061 (strain kindly provided by Dr K. Knight) 
was transformed with the recombinant plasmids®’ and approximately 600 tetracycline resistant, ampicillin sensitive colonies were obtained 
from mammary mRNA and 2,000 from liver mRNA. Plasmid DNA” from 12 of the mammary clones were individually screened by hybrid 
selected translation®’ and one specifically selected mRNAs coding for SC precursor polypeptides. This clone contained an insert of approximately 
700 nucleotides, and was used to screen the remainder of the mammary library by colony hybridization”. Translation and immunoprecipitation 
were performed as previously described’. For the Northern gel analysis, 1.0 wg of either liver or lactating mammary total poly(A) containing 
mRNA was separated on a 1.0% agarose gel containing 2.2 M formaldehyde®'. After transfer via blotting to nitrocellulose, the samples were 
hybridized at 42 °C for 24 h with nick translated™ p32,23 in 50% formamide, 5 x SSC (1 x SSC is 150 mM NaCl, 15 mM Na, Citrate) 100 pg mi~’ 
denatured salmon sperm DNA and 100 pg ml~! poly(A). After hybridization the filters were washed at 60 °C with 1 x SSC followed by 0.1 x SSC 
and then autoradiographed with an intensifying screen. 
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2 Sequencing strategy. Restriction fragments of the inserts in p32,23 and p21,53 were randomly subcloned into vectors Mi 3mp8 and 

9 and sequenced by the dideoxy method'’, 97% of the sequence was determined in both directions and all restriction sites were 

d across. Relevant restriction sites are indicated. Fragments are grouped according to enzyme. Arrows indicate the direction and 

othe fragment sequenced. To sequence across the PstI site in the insert, a HincH clone spanning this site was isolated from a digest 

t pi 1,53. The M13 subclone of p32,23 used as a hybridization probe to identify p21,53 is indicated by the absence of cross-hatching. 
F Ct Plasmid p21,53 contained nucleotides 1-3,155, and p32,23 contained nucleotides 1,954-3,517. 





















GGCEGGGGUUACEGGCUG 


~18 
MetAlaLeuPheLeuLeuThrCysLeuLeuAlaValPheSerd 
CUGUGECCCCGAGUCCEGUCAGCAGGAGCGGAAGAAGUGGCCUAAAAUCUCUCCEGCAUCGGCAGCCCAGGCCUAGUGCCCUACCAGCCACCAGCC AUGGCUCUCUUCUUGCUCACCUGCCUGCUGGCUGUCUUUBCAGCGGC 


+1 10 20 o 39 49 ; 
CiaSerSerLeuLeuClyProSerSerllePheClyProGlyGluValAsnValLeuGluGlyAspSerValSerIleThrCysTyrTyrProThrThrSerValAsnArgii sSerArgLy sPheTrpCy sArgGluGluClu: 
CAAAGCUECHUAUUGECUCCCAGCUCCAUAUUUGGUCCCGGCCAGGUGAAUGUUUUGGAAGGCGACICGCUGUCCAUCACAUGCUACUACCCAACAACCUCCGUCACCCGGCACAGCCGGAAGUUCUGGUGCCGECAAGAGCAG, 


51 60 70 80 90 O: 
ArgcyeValThrLeuAlaSerThrGlyTyrThrSerGinGluTyrSerGlyargGlyLysLeuThrAspPheProAspLysGlyGluPheValValThrValAspGlnLeuThrGlndsvAspserClySerTytLysCyaGly 


COCUGESUGACECUUGECUCGACECGCUACACGUCCCAGGAAUACUCCGEGAGAGGCAAGCUCACCGACUUCCCUGAUAAAGGGGAGUUUGUGGUGACUGUUGACCAACUCACCCAGAACGACUCAGGGAGCUACAAGUGUGGC 


101 = HỌ 120 l 130 e 140 TEE 
valAsnGlyArgGlyLeuAspPheGlyValAsnValLeuValSerGinLysProGluProAspAspYalValTyrLysGinTyrGluSerTyrThrValThe] leThrCysProPheThrTyrAlaThrargGlnLeuLysly k 
CUCAACGGCCGUGGCCUGGAC UUCECUGUCAAC GUGCUGGUCAGCCAGAAGCCAGAGCCUGAUGAC GUUGUUUACAAACAAAUGAGAGUUAUACAGUAACCAUC ACCUGCCCUUUCACAUAUGCGACUAGGCAACUAAAGAAGUC 


151 160 . 170 a 180 190 30 
DACA ACUC CAR pcan iheuValLeullelleAapSerSerSerLysGluAlaLysAspProargtytLyaGlyarglleThrLeuGlalleGlnSerThr ThrAlaLysGluPheThrValThrIleLysiisLeuGinLeuks 


UACAAGGUGGAAGACCEGGAACUUGUACUCAUCAUUGAUUCCAGCAGUAAGGAGGCAAAGGACCCCAGGUAUAAGGGC AGAAUAACGUUGCACATICCAAAGUACCACAGCAAAAGAAUUCACAGUC ACCAUCAAGCAUIJUGCAGCUCAAU 


201 o 210 220 230 240 @ le BSS 
AspAlaGlyGlinTyrValCysGinSerGlySerAepProThrAlaGiuGluGlnAsnValAspLeuArgLeuLeuThrProGlyLeuLeuTyrGlyAsnLeuGlyGlySerVal ThrPheGluCysAlaLeuAspSerGluAspAlaAsh 





GAUSCUGEGCAGURUGUCUGCCAGAGUGGAAGCGACCCC ACUGCUGAAGAACAGAAC GUUGACCUCCGACUGCUAACUCCUGGUCUGCUCUAUGGAAACCUGGGGGCCUCGGUGACCUUUGAAUGUGCCCUGGACUCUGAAGACGCAAAC 9 


251 260 270 280 290 a 
are cnadranerbeudrgGlnValArgGlyGlyAsnValVallleAspSerGinGlyThr I leAspProdlaPheGluGlyArg!leLeuPheThrLysAlaGluAsnGlyHisPheSerValVallleAlaGlyLeudrglysGluasp © 
COG GUACCAUCCUUGCECCA GCUUAGEGGUGCCAAUGUGGUCAUUGAC AGCCAGCEGACAAUAGAUCCAGCCUUC GAGGGCAGGAUCCUGUUCACCAAGGCUGAGAACGGCCACUUCAGUCUAGUGAUCGCAGGCCUGAGGAAGGAAGAC 


301 o 310 320 330 340 hoe agg 


TareiyAantTyrLeucysGlyValGlnSerAsnGlyGlnSerGlyAspGlyProThrGinLeudr g¢lnLeuPheValAanGluGlul lespValSerArgSerProProValLeuLysGlyPheProGlyGlyServValthrlieArg. 
ACACEGAACTIAUCUGUGCEGAGUCCAGUCCAAUGGUC AGUCUGGGGAUECGGCCCACCCAGCUUCGGC AACUCUUCGUCAAUIGAAGAGAICGACGUGUCCCGCAGCCCCCCUGUGULIGAAGGGCUUUCCAGGAGGCUCCCUGACCAUACGC 


351 360 370 380 390 400° 


Cy eProtyrAanProLysArgSerAspSerHisLeuGlnLeuTyrLeuTrpGluGlySerGinThrargiisLeuLeuValAspSerGlyGluGlyLeuValGlnLy sAspTyrThrGlyArgLeuA LaLeuPheGluGluProGlyAsn (Anes 


UGCCECUACAACCCGAAGAGAAGCGACAGCCACCUGCAGC UGUAUCUCUGGGAAGGGAGUCAAACCCGCCAUCUGCUGGUGGACAGCGGCGAGCEGCUGGUUCAGAAAGACUACACAGGCAGGCUGGCCCUGUUCGAACAGCCUCCCAAY 


§ 410 429 430 440 450 
g yThrPheSerValValLeuAsnGlnLeuThrAlaGluAspGluGlyPheTyrTrpc eValSerAspAspAspGluSerLeuThrThrserValLysLeuGlnileValAspGlyGluProSerProThrileAspLysPheThrAla 
GGCACCUUCUCAGUCGUCCUCAACCAGCUCACUGCCGAGGAUGAAGGCUUCUACUGGUGUGUCAGCGAUGACGAUGAGUCCCUGACGACUUCGGUGAAGCUCCAGAUCGUUGACGGAGAACCAAGCCCCACGAUCGACAAGUUCACUGCU 


45} 460 470 480 490 500 
ValGinGlyGluProValGlulieTh slisPheProCysLysTyrPheSerSerGiuLyaTyrTrpCysLysTrpAsnAspHiaGlyCysGluAspLeuProThrLysLeuSerSerSerGlyAspLeuValLy Cy sAsnAsnAsn 
GUGCAGGGAGAGCCUGUUGAGAUCACCUGCCACUUCCCAUGC AAAUACUUC UCCUCCGAGAAGUACUGGUGCAAGUGGAAUGACCAUGGCUGCGAGGACCUGCCC ACUAAGCUCAGCUCCAGCGGCGACCUUGUGAAAUGCAACAACAAC 


501 510 520 530 540 550 
LeuValLeuThrLeuThrLeuAspSerValSerGluAspAspGluGlyTrpTyrtr sGlyAlaLyaAspGlyHiaGluPheGluGluValAlaAlaValaArgValGluLeuThrGluProAlaLysValAlaValGluProAlaLys 
CUGGUCCUCACCCUGACCUUGGACUCGGUCAGCGAAGAUGACGAGGGCUGGUACUGGUGUGGCGCGAAAGACCGGCACGAGUUUGAAGAGGUUGCGCCCCUCAGGGUGGAGCUGACAGAGCCAGCCAACCUAGCUGUCGAGCCAGCCAAG 


551 560 570 @ 580 590 600 
ValProValAspProAlaLysAlaalaProAlaProAlaGluGluLysAlaLysAlaArgCys! roValProArgargargGlnTrpTyrProLeuSerArglysLeuArgthrSerCysProGluProArgLeuLeuslaG@luGluVal 
GUACCGUCGACCCAGECAAGECAGCEECCECGCCUGCUGAGGAGAAGGCCAAGGC GC GGUGCCCAGUGCCCAGGAGAAGGCAGUGGUACCCAUUGUCAAGCAAGCUGAGAACAAGUUGUCCAGAACCUCGGCUCCUUGCGGAGGAGGUA 


601 610 l 620 630 649 


ArararclnSerAlaGluAspProdlaSerGlySerArga LaSerValAspAlaserSerA laSerGlyGlnSerGlySerAlaLysValLeul leserihrLewVaiProLeuClylauValLoualadlaGlyAlaMethlaValAala 
GCAGUGCAGAGUGCGGAAGACCCAGCC AGUGGGAGCAGAGCCUCUGUGGAUGCCAGC AGUGCUUCGEGACAAAGCGGGAGUGCCAAAGUACUGAUCUCCACCCUGCUGCCCUUGCCGCUGGUGCUGGCAGCOGGGCCCAUGCCEGUGGCC 





651 660 670 680 690 eee | ares 


i LeAlaAr galsArgissrgargAsnValAspArgvalSer1leGlySerTyrArgthrAsp I leSerMet SerAspLeuGluAsnSerArgGluPheGlyAlal leAspAsnProSerAlaCysProAspAlaArgGluThrAlaLeu 


AUAGCCAGAGCCCGGCACAGGAGGAAC GUGGACC GAGUUUCCAUC GGAAGCUACAGGACAGACAUUAGCAUGUCAGACUUGGAGAACUCCAGGGAGUUCGGACCCAUUGACAACCCAAGCGCCUGCCCCGAUCCCOGCGAGACGGCCCIC : 


701 710 720 730 740 ee oe 
Con ay nee uleudlaThrAlaThrGluSerThrValGlulleGluGluProLyaLysAlaLysArgserSerlLysGluGlua LaAspLeuAlaTyrSerAlaPheLeul.euGinSerAsnThrileAlaAlaGluliiaGlnasp 
CGAGGARAGGAUGAGUUAGCGACGECCACCGAGAGCACEGUGGAGAUUGAGGAGCCCAAGAAGGC AAAACGOUCAUCC AAGGAAGAAGCCGACCUGECCUACUCAGCUUUCCUGCUCCAAUCCAACACCAUAGCUGCUGAGCACCAAGAU 3 


751 755 
GlyProLysGluala**s 


SGCCCCAACGACCCCUAGCCACAGCCGCCCACCGOCGCCCCCGCCACCCCCGCCGCCCCCGCCACCUGUCAAAAUCACCUUCCAGAA UCAC CUGA UCC UCCGGGUCCCCAGACCCGGCCCCUCAACOGCCCUGCACCCCCCAUGUCCCC : 
g ACCACCUAAACUUCCCUACCUGUGCCCAGAGGUGUCCUCGUCCCCUCCUCCACGGCAUCCAGGCCUGCCCUCAAUGUUCCCCUUGGOGUGGCGGUGUGAGCCGUVCC VACUUCCACCCCGGUUCUCCCGAGAGAAGCUAAGGAUCCACGUĞ. : 
CUGAGECAGECGCCUCUCGAAGGCAGACAGACCAGAGACCCGGCAGCAGCCCUUGGAUGGGAGECCAGAGCCGCUUUCCGCCCACCCCCUCECUCCCUGCCCCCACCCUCCUUCCUUCALUCAAAAGUCCCAGUGGCUGCUSCCUAGOGL 
CCAGECECUGSECGCACECCUCCUCCAAGCCGUUGUGCAAACAUCACUGCAGCAAGCCACGOCUCCUCCCGEGCUGUGUAUCCUCAC scaccc avec veuccuceccAGUAUEACCACALOUCAACERUCUGAAGSCUCHEDECCCUE 
CCUGUCUCCAAGHEACCCCACACACALCLUCUCCCCADUIIACACAUCAGAACACUCASCLUCUACUCAAGCGCACCCUOCGAGAUGCAGCAACAGCAMACUAGAUGEEEUUCUCCUCUCCUCUSGCCAGAGCLCUCUCCACAGEAGCE 
CCUECEEEUCUAGEAACCACACUWUAGAACAUSGAAGAAGAAGAZZ2A Oc USGACECUGACCUCLCCEAAGCCOUCACSGGSGAAAACECCCCEUCCNRUCUGUCACLC uroscenccuacceucuucaccauecuacece 3 , te 


GUGUGUCUGAAGAGUUCCCAGUGGAAAGAAGAAAAGAGGGUGUUUGUCAGUGCCGGCGAGCGCCUGAUCCCCAGACAGCUGAAGUUUAACCUCCUUGUCCCUGUGAGCUUUAACCAGCACCUCCGGECUZACCC UUGCUAACACAUCAGA | 


AAUGUGAUUUAAUCAUUAAACAUUGUGAUUGCCACUGGGA- (poly A) 


Fig. 3 Sequence of poly-Ig receptor mRNA and deduced amino acid sequence. Residues are numbered from 5’ to 3’, beginning with the ©- 
first nucleotide after the poly(dG) tail in p21,53. Nucleotide numbers are indicated at the right margin. The complete sequence is 3,517 bases 
long and contains the unusual poly(A) addition sequence AUUAAA®*°° beginning 26 residues upstream from the poly(A) tail and indicated 
by triangles under each residue. The predicted amino acid sequence is shown above the nucleotide sequence. The signal peptide is numbered 
from —18 to ~1. The first amino acid of the mature poly-Ig receptor (Gin) is number 1. The two potential sites for Asn-linked glycosylation 
are overlined. The predicted membrane-spanning region is indicated by a broken overline. Cysteine pairs for the five domains, as well as ss 
fe the 


Corresponding first cysteine for the sixth domain, are indicated by solid circles above the first Cys of each domain and open circles abo 
| second Cys of each domain, za 
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"Table 1 Sequence homology between poly-IgR and other protein sequences 


a, Overall sequence homology using the RELATE program 





Poly-IgR IgK-V Thy-1 IgH-V IgA-C HLA-B? 
| Poly-IgR 30.6 11.4 10.7 7.20 2.46 ~0.14 
_b, Sequence homology among poly-IgR domains 
E Poly-IgR 
Poly-IgR (s.d. unit scores) 

Domain — Segment I H IH IV VI VU 

I 10-118 am. 7.16 6.41 7.99 8.19 0.93 0.74 

H 119-223 7.16 — 6.76 6.66 2.01 2.30 -0.50 

IHI 224-332 -6.41 6.76 — 9.42 2.44 +172. —1.08 

Iv 333-441 7.99 6.66 9.42 ~~ 6.32 1.97 =f.72 

OV 442-552 8.19 2.01 2.44 6.32 m= 1.40 1.08 

VI 553-652 0.93 2.30 “TA 1.97 1.40 one 0.98 
Vu 653-775 0.74 —0.50 ~—1.08 a a 4 1.08 0.98 m 

c, Sequence homology between poly-IgR domains and other sequences 
IgK-V IgH-V Thy-1 
Poly-igR s.d. unit Poly-IgR s.d. unit Poly-igR s.d. unit 

segment score segment score segment score 
‘10-118 6.16 10-118 4,13 10-118 5.04 
419-223 5.76 119-223 3.67 120-228 3.74 
224-332 5.46 224-332 3.05 221-329 6.62 
333-441 7.24 333—441 2.12 332-440 6.03 
442-552 4.68 442-552 2.19 435-543 1,79 
553-652 3.19 553-652 0.80 544-652 ~1.08 
653-775 -0.66 653-775 -0.92 653-755 a Ai 


a, The sequence of the poly-Ig receptor (poly-IgR) was compared with itself and with IgK-V2*, IgH-V2°, rat Thy-1°°, IgA constant region”’, 
-and HLA B27% using the RELATE program”. The RELATE program compares all possible segments of a specified length of a given sequence pits 
with itself or another sequence. In a self-comparison, identical segments are not compared. Relatedness between segments is scored using the , 


mutation data matrix (MDM)"°, which provides a probability of how often a given amino acid will either be conserved or mutated into another 
particular amino acid, based on studies of known protein families. Segment scores for the sequence(s) being compared are computed and compared 


with scores obtained by comparing 100 random permutations of the 


sequence(s). The final score is the difference between the score for the 


sequence(s) being compared and the average of the scores for the comparisons among randomized sequences, divided by the standard deviation 


-(s.d.) score of the randomized sequences. This score, in s.d. units, is thus an overall indication of either the degree of internal homology of a 
~ sequence compared with itself, or the relatedness of two sequences being compared. b, The poly-lg receptor was divided into seven segments and 


these were compared with each other using the ALIGN program. This program finds the best possible alignment between two given sequences of 


-similar length, using the MDM for scoring and assigning a penalty for gaps. Much like the RELATE program, the ALIGN program compares the 


score of the optimal alignment of the sequences being compared with the scores of the optimal alignments of 100 random permutations. of the 
sequence. The final score, in s.d. units, is the difference between the optimal score of the sequences being compared and the average score of the 
‘comparisons among random permutations, divided by the s.d. of the scores of the randomized sequences. c, The segments of poly-Ig receptor were 
compared with IgK-V, IgH-V, and Thy-1 using the ALIGN program. Data in this table were generated in the laboratory of J. Maize. 


dominantly hydrophilic amino acids with a total MW of 11,120. 
This is consistent with our previous estimates that ~ 15,000 
daltons at the carboxy terminus of poly-Ig receptor are acces- 
sible to proteolytic digestion from the cytoplasmic face of the 


<- membrane. In collaboration with D. Osterman an antiserum 
has been prepared to a synthetic polypeptide comprising a 17 
- residue portion of the tail region of poly-Ig receptor. Using this 
antiserum we have found that this tail can be proteolytically 


‘cleaved from the cytoplasmic face of the membrane and 










recovered as a soluble, non-membrane associated fragment (in 
© preparation). 


The site at which poly-Ig receptor is cleaved to produce SC 


` and a residual fragment containing the transmembrane segment 


cytoplasmic tail portion is not known. However, the 
boxy terminal amino acid sequence of rabbit SC is Ala-Glu 
letermined by carboxypeptidase Y digestion’*. The Ala-Glu 
e occurs three times (residues 563-564, 597-598 and 
6) in the region just upstream from the transmembrane 
ent, which is where we predict cleavage of the poly-Ig 





Homologous repeating units 


The extracellular portion of poly-Ig receptor consists of 629 
amino acids. We noted that it contained 18 cysteines, 10 of 


which could be grouped into regularly spaced pairs (residues 
28 and 97, 137 and 207, 242 and 306, 351 and 420, 460 and "% 


520) in which the members of each pair are separated by 60 to 
70 amino acids. The sequences surrounding the corresponding 
members of each pair have a high degree of homology, suggest- 
ing that the poly-Ig receptor contains 5 repeating units, each 
approximately 100-115 residues long. 

We confirmed this by computer-assisted analysis. All of the 
computer studies were performed on a VAX 11/750 computer 
in the laboratory of Dr Jacob Maizel. The internal repeating 


domains of the poly-Ig receptor are dramatically illustrated in 


the dot matrix analysis*'** shown in Fig. 4a. The solid diagonal 
line bisecting the figure is the result of identity of the poly-Ig 
receptor with itself. The broken diagonal lines running parallel 
to it reveal the internal repeats. Shifts in the lines are due to 
insertions or deletions. This analysis strongly suggests that the _ 


extracellular portion consists of five repeating units of 100-115. 


amino acids. There are also a number of shorter diagonal lines 
scattered in the figure, suggesting that there may be several 
smaller, less constant repeating units within these larger 100- 
115 amino acids repeats. , o 

We quantitated the degree of homology between domains 
using the RELATE and ALIGN computer programs’. The 
RELATE program gives an overall measure of either internal. 
homology of a sequence when compared with itself, or of- 


homology between two sequences. The final score isin standard — 
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deviation (s.d.) units and reflects the probability that the obser- 


-ved dégree of homology could be due to chance. A score of 3 


s.d. units, for instance, indicates a degree of relatedness that 














_. relatively invariant among the x chain variable sequences*’. The 
` best example of this is an 18 residue segment which has. the 


has a probability of 0.135 x 10°? of occurring by chance, and is 


taken to indicate a statistically significant result. The poly-Ig 


receptor compared with itself has a score of 30.6, indicating a 


ý. high degree of overall internal homology (Table 1a). 


We used the ALIGN program to determine the extent of 
homology between the individual domains. This program finds 
the best possible alignment between two given sequences of 
similar length. Much like the RELATE program, the final score 
is given in s.d. units, and reflects the probability that the observed 
homology could be due to chance. We divided the poly-Ig 


receptor segment into seven roughly equal segments. We initially 


chose the boundaries between the first five segments by extrapol- 


ating the homology lines of the dot matrix analysis back to the 


horizontal axis. The boundaries of the sixth segment were based 
on homology with the immunoglobulin « chain V region (see 
below). As seen in Table 14, the first five domains share sig- 
nificant homology with each other, although to variable degrees. 
By both the dot matrix and ALIGN analysis, the sixth segment 
(which includes the membrane-spanning region) and the seventh 
segment (the cytoplasmic tail) do not share significant homology 
with the five repeating units. 


Homology with immunoglobulins 


~~, The similarity in length between the poly-Ig repeating units and 


oj» those of immunoglobulins and the similar positioning of the 
=" paired cysteine residues?" led us to compare the sequence of 


the poly-Ig receptor with a number of immunoglobulins and 
immunoglobulin-like proteins. We used the LSRCP program?* 
to compare the poly-Ig receptor amino acid sequence with the 
entire Dayhoff Protein Data Bank*® and used the related pro- 
gram SRCHN** to compare the poly-Ig receptor nucleotide 
sequence with the Genbank Data Bank*’. Homologies were 
found between poly-lg receptor and numerous members of the 
immunoglobulin superfamily, with the best scores being with 
immunoglobulin « chain variable regions. Homologies were 
most significant at the amino acid level, suggesting that 
evolutionary constraints were placed predominantly at the level 
of protein structure, rather than nucleotide sequence. Figure 45 
shows the dot matrix comparisons of poly-Ig receptor with three 
representative high scoring proteins: immunoglobulin « chain 
variable region** (Ig K-V, human SCW), immunoglobulin heavy 
chain V region”? (Ig H-V, mouse AMPC1), and the rat Thy-1 


~santigen”’. We used the RELATE program to give an overall 
#& measure of relatedness between poly-Ig receptor and other 
~~ proteins (Table 1a). Highly significant scores were obtained for 


ig K-V, Thy-I and Ig H-V. By way of comparison, the constant 
region of IgA?! (human IgAl Bur) gave a borderline score of 
2.46. HLA B7°*?, which is known to be related to the immunog- 
lobulins, gave a negative score. We used the ALIGN program 
to compare quantitatively specific domains of the poly-Ig recep- 
tor with the various other molecules (Table. ic). Of note is that 
the sixth domain of the poly-Ig receptor shows significant 


homology with Ig K-V, both in the dot matrix analysis (Fig. 


4b) and by the ALIGN score (Table 1c). The dot matrix analysis 
even suggests small stretches of homology between a portion 
of the seventh segment and Ig K-V, Ig H-V and Thy-1. $ 

The optimal alignments generated by the ALIGN program 
are not. presented, but indicated that the poly-Ig receptor 


\ domains have an average of 28% identical residues with Ig K-V. 
=e" The per cent homology for each segment is 1, 36; II, 26; M, 


31; IV, 23; V, 30; VI, 23. When comparisons are based on 
grouping amino acids on the basis of similar side chains, the 
extent of homology increases to an average of 56%. The per 


cent homology for each segment is I, 59; II 62; III, 56; IV, 51; 
Vv, 61; VI, 49. To a large extent, the residues which are most _ 
conserved among the five poly-Ig receptor domains are also 
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 Fig.4 Dot-matrix sequence analysis. a, Self-comparišon of poly- z _ 
‘Ig receptor. The complete amino acid sequence of the poly-Ig 


_ receptor is presented on both the horizontal and vertical axes. The 


‘DOT-MAT"’ program developed by David George of the National $ 
Biomedical Research Foundation compares two sequences toallow © 


~ from the sequence represented on the vertical axis are sequential 
-< compared with segments of the sequence on the horizontal a 






and homologies between them are scored using the mutation data 
matrix (MDM). In this figure, segments of 25 residues from the = 
vertical axis were compared with segments from the horizontal _ 
axis, and a dot is placed at the appropriate position when the total. 
MDM score for the comparison is 15 or greater. By adjusting the — 
size of the segment and the minimum score needed for a dot, the - 
stringency of the homology comparison can be varied. (See refs | 

21 and 22 for a more extensive discussion of dot matrices.) The — 
amino acid sequence of the poly-Ig receptor is numbered sequen- 
tially along the axes, with the first residue of the signal seguence ee 
as amino acid number 1. b, Comparison of poly-Ig receptor with 


immunoglobulin variable regions and Thy-1. In each of the three > 
panels, the amino acid sequence of the poly-Ig receptor is represen- = 
ted on the. ve 


tical axis and the amino acid sequence of the other = 


‘horizontal axis. (This figure was generated in th 










sos” Jaboratory of Dr J. Maizel.) 







Fig.5 Schematic representation of poly-lg receptor domain struc- 

ture. The five highly conserved domains in the extracellular portion 

of the molecule are indicated by solid-bordered rectangles. The 

sixth domain is indicated by an interrupted rectangle. The lipid 

bilayer of the membrane is indicated by the two vertical lines, and 

the locations of the segments with respect to the membrane are 
indicated above. 


consensus sequence Phe-Ser-Val-Thr-Ile-X-X-Leu-X-X-Glu- 
Asp-X-Gly-X-Tyr-X-Cys and which is found in the poly-Ig 
receptor sequence at positions 80-97, 190-207, 289-306, 403- 
420 and 503-520. This segment resembles the proposed primor- 
dial building block of the immunoglobulin variable region”. 

Considering these sequence homologies and the conserved 
pairs of cysteine residues, it is very likely that the poly-Ig 
receptor domains share common ancestry with the Ig domains. 
It is reasonable to suggest that the first five poly-Ig receptor 
domains have a three-dimensional structure similar to that 
observed for the Ig domains”. We also predict that the conser- 
ved pairs of cysteines are disulphide linked. Apparently the sixth 
domain, while sharing sequence homology with the immuno- 
globulin domains, has evolved somewhat differently. Although 
it appears to have the first Cys (position 571) of the conserved 
pair of cysteines, it has lost the second member of the pair. 
Moreover, its carboxy terminus has apparently been replaced 
with a membrane spanning segment. Interestingly, the first 
portion of the membrane spanning segment (residues 648-655, 
Val-Leu-Ile-Ser-Thr-Leu-Val-Pro) is homologous to a segment 
of Ig K-V (residues 73-80, Leu-Thr-[le-Ser-Thr-Leu-Gln-Pro), 
suggesting that part of the membrane spanning segment of the 

receptor may also have evolved from the same ancestor as the 
immunoglobulin domain. 

The concept that receptors for proteins have structural 
similarities with their ligands has previously been proposed for 
cobalamin receptor and other receptors*®. Our sequence data 
substantiate this principle and extend it to the immune system. 

The similarity of the poly-Ig receptor domains to immuno- 
globulin variable regions suggests that the poly-Ig receptor may 
have evolved from an immunoglobulin (or immunoglobulin-like 
protein) which had a variable region with specificity for a site 
on polymeric IgA and IgM. The poly-Ig receptor may be a 
prototype for other immunoglobulin receptors (for example 
various leukocyte Fe receptors’’*" or the receptors for 
transepithelial transport of IgG in placenta”? and neonatal intes- 
tinet?) and perhaps for other polypeptide receptors (for example 
the insulin receptor*'), which may have evolved in a similar 
fashion. Several classes of molecules involved in recognition in 
the immune system, such as immunoglobulins, histocompatibil- 
ity antigens**, and perhaps the T-cell receptor’’, all have the 
same basic immunoglobulin domain. Furthermore, the Thy-i 
antigens, and perhaps other molecules which may be involved 
- in cell-cell interactions and development, also have the same 

< structure**, Thus the immunoglobulin domain appears to be a 
: fundamental, yet versatile, structure utilized in a wide variety 
of receptor-mediated recognition processes. 

~~ An alternative explanation of the observed homology between 
< the poly-Ig receptor and immunoglobulin domains is that the 
interaction between the poly-Ig receptor domains and. the 
domains of the immunoglobulin ligand somehow resembles the 
"interactions of the immunoglobulin domains with each other. 
- IgA and IgM form polymers (even in the absence of the J 
~ ¢hain*’) so their domains must have the ability to bind to each 
> other. 

_ In addition to a noncovalent association, the secretory com- 
- ponent forms two disulphide bonds with. some, but not all, 
~. subcasses of IgA“, In human SC, the sequences surrounding 
‘wo cysteines involved are His-Phe-Cys-Lys-Pro-Gin-Tyr 
nd Phe-Val-Asn-Cys-Glu-Asp””’. The cysteines involved in 










“rabbit SC are not known, but in the rabbit sequence the closest 


homologues are the sequences surrounding the cysteines at 
position 464 (His-Phe-Pro-Cys-Lys-Tyr-Phe) and position 
481 (Asn-Asp-His-Gly-Cys-Glu-Asp) respectively. These 
homologies suggest that it may be the fifth domain of the poly-Ig 
receptor that becomes disulphide linked to its ligand. The loca- 
tions of the cysteines in IgA which are involved are unknown. ; 
Although SC becomes disulphide linked to only one of the — 
monomers of dimeric IgA** it is possible that the other SC 
domains interact noncovalently with both IgA monomers and 
may stabilize the complex*”*’. Disulphide bonds are apparently 
also formed between insulin and its receptor’. 

Rabbit SC consists of four primary translation products while 
human SC consists of only one. At least part of the rabbit 
heterogeneity is genetic, since two alleles of rabbit SC are 
known”? and most rabbits, including the ones used in this study, 
are heterozygotes. However, even homozygous rabbits have two 
forms of SC, differing in apparent MW by about 20,000"”. The 
amino terminal 31 amino acids and the carboxy terminal two 
amino acids of these two SC polypeptides have been shown to 
be identical, suggesting that the smaller polypeptide arose by 
an internal deletion of the larger’*. There could be two genes 
coding for the two polypeptides. Alternatively, by analogy with 
immunoglobulin heavy chains”’, the transcript of one gene could 
be spliced into two different mRNAs. In that case, one might 
expect that two of the exons coding for two of the repeating 
domains are spliced out to produce the mRNA for the smaller 
polypeptide. pY 

We initiated our investigations into the structure and biosyn- “Ẹ 
thesis of the poly-Ig receptor with the aim of using it as a model 
system to study intracellular protein traffic. Little is known about 
the mechanisms whereby membrane proteins are sorted from 
each other and transported to different locations in the cell?*. 
At least some of these steps may require the interaction, directly 
or indirectly, between the membrane protein and other proteins, 
for example clathrin. In one simplistic model, the cytoplasmic 
tail of the transmembrane protein would interact with a cytoplas- 
mic protein. For a membrane protein merely to reach the cell 
surface the cytoplasmic tail can be as short as two residues, as 
is the case with membrane-bound IgM**. Recent studies on a 
variety of other membrane proteins that have had their cytoplas~ 
mic tails removed or modified by recombinant DNA techniques 
have yielded conflicting results on whether the tail is necessary 
for transport to the cell surface**”’. The poly-Ig receptor, on 
the other hand, has a relatively large cytoplasmic tail of 103 
residues. This may reflect the ability of the cytoplasmic tail of 


the poly-Ig receptor to interact with a number of proteins during gy 


its complex transcellular pathway. This pathway requires several 
sorting steps. After endocytosis via coated pits, the poly-[g 
receptor must be sorted away from other proteins that occupy 
the same initial endosome, but take a different pathway, for 
example, the asialoglycoprotein receptor’®. In addition, the 
poly-Ig receptor is directed first to the basolateral and then to 
the apical surface of a polarized cell. Having cloned and sequen- 
ced the poly-Ig receptor, it may now be possible to determine 
which portion(s) of the molecule are involved in transporting 
the protein around the cell and perhaps what other proteins it 
interacts with along the way. 
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Hercules A (3C348) is the fourth brightest extragalactic radio 
source in the sky at low frequencies. It is optically identified 
with a 18.5 mag galaxy with redshift z = 0.154 located in a faint 
cluster’. Although discovered as early as 1948 °, and exten- 
sively studied during the 1960s, it was not mapped with high- 
resolution aperture-synthesis radio telescopes because of its low 
declination. We report here the first results from extensive 


_ observations of Her A made with the Very Large Array (VLA)* 


of the National Radio Astronomy Observatory. We find that 
‘Her A possesses an unusual jet-dominated morphology instead 
of the Cygnus-A-like morphology expected for such a powerful 
radio source. Its two jets are quite different in appearance; one 
appears to be a continuous twisting jet, while the other suggests 


», repeated ejection of individual plasmons by the central object. 


" The presence of such different morphologies in the same source 
raises interesting questions concerning the generation and evol- 
ution of extended extragalactic radio sources. Variations in the 
central engine provide the simplest interpretation for some of 
_ the features of this object; the role of environmental effects is 
__ Tess clear. : on 
< MLA observations at 5 GHz were made between January and 
September 1982. The A, B, and C array configurations were 
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Figure 1 shows a map with a 0.5 arcs beam (FWHM) made 5 
from a concatenation of the visibilities from all three configur- 
ations. This combination of data from different configurations 
reveals complex, low surface brightness features over a large: 
range of angular scales, The data were calibrated, mapped and S 
cleaned in the usual fashion, after which final adjustments to . 
the complex gains of each of the 27 antennae as a function of © 
time were derived using the self-calibration algorithm’. Figure 
2 is a low-resolution map produced in a similar manner using © 
only the C configuration data. A deep X-ray image of Her A | 
was also obtained with the Imaging Proportional Counter on | 
the Einstein X-ray Observatory (HEAO-B satellite). A detailed — 
presentation of all of these data, including radio polarization : 
and spectral index information, will be given elsewhere (E.D.F. 
and J.W.D., in preparation). ae 
Her A has many interesting features. First, it is one : 
of the most luminous radio galaxies known. With A=. 
75 kms~' Mpc! and qo=0, its power density at 5GHz Ps ooo _ 
is 6X 10°° W Hz", or about a quarter that-of Cyg A. Because _ 
of its large size (460 kpc at greatest extent), its total energy — 
content is about the same as that of Cyg A, ~3 x 10°° erg 
Second, despite its high luminosity, it has the morphology ofa _ 
low luminosity source. Sources of high luminosity (Pso00 > 
10°° W Hz"') are generally edge-brightened with conspicuous ` 
hotspots at the outer edges of their radio lobes (Fanaroff-Riley® 
Class II morphology). Lower luminosity sources are edge- 
darkened (F-R Class I) and frequently have jets emerging from 
both sides of the core’. Third, the eastern jet contributes a 
substantial fraction of the total luminosity, making it the highest 
luminosity jet yet found associated with an elliptical galaxy. - 
More luminous jets have been found only in extended radio — 
quasars which are far more distant than Her A. Fourth, the- 
western jet exhibits several remarkable ring-like structures. 
Although rings have been noticed in a few other source 
(3C219°, 3C310”, and recently Cyg A'°), those in Her A ar 
much more distinct and form a linear sequence leading fri 
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3 Fig. 1 A 5-GHz VLA map of Her A with a 0.5 arcs beam. The map is shown as a grey-scale image, with the range of shades indicated on 


the bar below the image corresponding to radio brightnesses from —0.05 mJy per beam to 5 mJy per beam. Brightnesses between 5 mJy per 
beam and 22 mJy per beam, the maximum on this map, are all shown as white. The source is 3 arc min across. 
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Fig. 2 A low-resolution map (beam 4.2arcs, observations at 
5 GHz) with contours at 0.5, 2, 5, 10, 15, 20, 30, 50, and 90% of 
the maximum of 511 mJy per beam. 


symmetric lobes enveloping the two jets. A much fainter bridge 
spanning these two lobes and surrounding the core can also be 
seen on preliminary 1.4GHz VLA maps. Finally, the Einstein 
Observatory X-ray image of Her A shows an extended source 
with L,=1.5x10*ergs' (0.2-4keV) and diameter 
21.0 Mpc. These parameters are typical’ of a cluster of galaxies 
with Abell richness class 0 to 1. 

On the high resolution map (Fig. 1) it can be seen that the 
western jet in fact consists of an inner jet followed by what 
appear to be at least three full or partial ring-like features. The 
‘inner jet begins 9 arcs from the radio core, extends out to a 
bright spot on the inner edge of the first ring 21 arc s from the 
-gore and may even continue through this loop to terminate on 
-4ts further side. The bright regions of this inner jet are at most 
-slightly resolved with our 0.5 arcs beam; the opening angle is 

_-<3° (half-width to half-maximum as seen from the core). The 
“tings are brightest on their leading or outward edges. The 
-< outermost, in particular, is visible only on this edge. {Note that 
the furthest are visible on Fig. 1, at 16h 48 min 34s, is the 
` outer edge of the western Jobe and not necessarily part of a 
` distinct ring.) The transverse widths of the rings increase linearly 
© with distance from the core. The outer two arcs are ~ 50% 
. linearly polarized. The E vectors of the polarized radio intensity 
= are generally normal to these arcs, suggesting that the magnetic 
- fields lie along them. The inner loops are less polarized and 
-© have a complex polarization distribution. 
The apparent sequence of discrete rings suggests successive 
episodes of ejection from the active nucleus. The limb-bright- 


ning could then indicate that relativistic particles are reacceler- 
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Fig. 3 A full-resolution map of the eastern jet. The contours are 
at intervals of 2, 4, 10, 20, 40, and 90% of the peak brightness of 
22.0 mJy per beam. Beam is 0.5 ares, observations at 5 GHz. 


ated at the plasmon surface, perhaps due to interactions with 

the ambient medium'*??. Reacceleration and, possibly, field 
amplification would be necessary to balance the adiabatic losses 
that must occur in this picture. The change from the inner .g, 
elongated ring to the rounder outer rings, and the small knot 4 
at the base of the first ring might both be caused by differences 
in the velocities of the ejecta. These velocity differences might 
reflect either deceleration by the external medium, or variable 
velocities of outflow at the central engine as suggested by Rees’*. 
However, alternative explanations for the rings are certainly 
also possible, such as instabilities that act to ‘pinch off’ segments 
of a steady beam or explosive encounters between an invisible 
beam and ambient clouds'*"®. 

The brighter eastern jet has an appearance very different from 
that of the western jet. Figure 3 is a high-resolution contour 
map of this jet. It can be traced continuously for at least SS arcs 
from the core and exhibits three distinct regimes over this length. 

It first appears 9 arc s from the core as a narrow jet with three 
intensity maxima. Its opening angle is <3°. Next, beginning 
22 arc s from the core the jet suddenly brightens, makes a small | 
kink, and widens to ~2 arcs FWHM. Within this bright region 
several small knots are present. As this region fades, the jet 
appears to narrow slightly. Here, ~40 arcs from the core, it 
enters a regime in which it widens and undergoes back-and-forth — 
lateral displacements of increasing amplitude, or ‘wiggles’ Ulti- 
mately the jet is lost in a region of fainter complex. structure. 
The eastern jet is 30 to 40% polarized over its entire length, 
with the suggested magnetic field parallel to the jet and following 
the wiggles. a i er a a er es 























Considered by itself, the eastern jet is similar to those in a 
number of other well-studied sources. The jets in NGC315 !” 
and NGC6251 ** also show periods of widening and recollima- 
tion, and the development of increasingly prominent wiggles is 
seen in M87'° and 3C449”°, among others. Two classes of 
models have been discussed to explain these wiggles: orbital?! 


"OF Precessional** motions of the central engine, and instabilities, 


such as Kelvin-Helmholtz**** or ‘firehose’?”?8, in the outflow- 
ing material. However, the presence of the relatively straight 
inner jets seems to rule out simple models of the first class, and 
we argue below that instabilities alone cannot explain this jet 
either. 

Are the jet morphologies determined by variations of the 
central engine, as suggested by the appearance of the western 
jet, or by instabilities, as suggested by the appearance of the 
eastern jet? A clue to the resolution of this ‘nature’ versus 
‘nurture’ dichotomy can be found in the underlying symmetry 
of the source. The low resolution map of Fig. 2 clearly reveals 
that on scales of >10 arcs the principal features of the eastern 
and western jets are symmetrically located about the core: the 
narrow inner jets on each side are very similar (at both resol- 
utions), the brightest part of the eastern jet and the first ring 
in the west both lie between 21 and 38 arcs from the core, and, 
finally, the bright wiggle in the east and the second ring in the 
west coincide at 45-60 arc s from the core. This correspondence 
between major features on both sides of the source implies that 
the basic structure of both jets is determined by a common 
» factor, of which variations in the central engine seem most 


¿fr plausible. It seems unlikely that models based on interactions 
e" Of the jets or beams with their environments will be able to 


account for the overall symmetry. However, it remains true that 
the detailed structures of the two jets are Strikingly different. 
Thus it may be necessary to devise a model for this source in 
which the radio morphology is regulated both by its origin in a 
variable central engine and by differences in the development 
of each jet as it propagates outward. Other radio jets associated 
with central dominant galaxies (such as 3C465 2°) also exhibit 
unusual morphologies as they propagate through the external 
medium. These differences could either refiect an asymmetry 
in the environment or in the central engine”. 
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conditions and with which’ there is an associated critical avera 
_ value of N), the flow is axisymmetric, that is, its properties 
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We have recently presented evidence’ — suppor ing the 
hypothesis’ that the long-lived large oval atmospheric edd 
on Jupiter and Saturn, including Jupiter’s anticyc 


y from the action of gravity on the density 
field associated with horizontal gradients of temperature. These | 
eddies would then be dynamically similar to the highly stable . 
closed ‘baroclinic’ eddies produced in certain laboratory experi- 
ments on thermal convection in a rotating fluid subject to 
internal heating or cooling’. We now present laboratory find- 
ings that bear on the interpretation of the isolated nature of 
the GRS, including the crucial demonstration that a single 
intense stable baroclinic disturbance that is strongly localized | 
in azimuth can form readily when the impressed conditions are p 
close to the transition from axisymmetric to non-axisymmetric | 
flow. e 
The laboratory experiments described in refs 1-3 form part 
of a much wider study of thermal convection in a rotating fluid: 
annulus**. The working fluid of mean density pa occupies an 
annular container with two vertical, coaxial, thermally conduct- _ 
ing cylindrical sidewalls, and thermally insulating endwalls. The 
whole apparatus is rotated steadily about its vertical axis of - 
symmetry. The character of the flow obtained in the rotating — 
annulus depends on the external conditions™®, which can be 
specified in terms of several dimensionless parameters involving — 
the axial and transverse dimensions of the apparatus, d and ~ 
(b-a) respectively, the rotation rate 0, acceleration due to — 
gravity g (typically very much greater than 7b) the maxi- : 
mum density contrast Ap associated with the axisymmetric : 
impressed temperature field, and the kinematic viscosity vand 
other physical properties of the working fluid. The most impor- 
tant of these parameters are: ie 
ache (1) 


vd 


The flow itself strongly modifies the horizontal density field _ 
associated with the impressed differential heating and cooling, _ 
thereby reducing the horizontal density gradients in the main — 
body of the fluid, away from sidewall and endwall boundary — 
layers. It also produces vertical density gradients which are- 
typically strongly dependent on the upward vertical co-ordinate 
z, but comparatively weakly dependent on the horizontal coor- - 
dinates (7, 6). Associated with these vertical gradients can be 
defined a local ‘Brunt-Väisälä’ frequency l 
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the average value of which is typically? ~(0.8gAp/pod)'?. 
When J is very much greater than 2 x 10°, the character of the 
flow is found®*’ to depend mainly on ©. At values of © 
exceeding a certain critical value Op of order unity (whose exac 
value depends on details of mechanical and thermal ‘boundar 



























Fig.1 The instantaneous 
upper level flow field 
(z/d=0.7 where z= 
corresponds to the upper 
surface) showing a steady, 
isolated baroclinic eddy in 
a rotating fluid subject to 
internal heating and 
sidewall cooling. a, Streak 
photograph (10-s streaks) 
from the laboratory 
experiment. b, Horizontal 
velocity vectors derived 
from velocity measure- 
ments using streak images 
similar to a via the method 
of Jonas and Kent'®: the 
maximum velocity indi- 
cated is 0.4 em s~'. c, Eddy 
MESES IEE STS stream function, with the 
ERE azimuthal mean com- 
ponent removed, obtained 
from the interpolated 
velocity field shown in b. 
Negative contours are 
dashed. 








independent of the azimuthal coordinate 6. Regular nonaxisym- 
metric flows (that is, spatially periodic with dominant azimuthal 
wavenumber m * 0, and either steady or temporally periodic) 
occur within the range Opr > O > O., where O; is a further critical 
value of ©. When O < O; irregular, aperiodic nonaxisymmetric 
flows occur, owing?” to the onset of barotropic instability associ- 
ated with the comparatively small azimuthal scale (proportional 
Cto m™') of the baroclinic waves. Both regular and irregular 
nonaxisymmetric flows exhibit fully-developed ‘baroclinic’ dis- 
turbances, in which the kinetic energy of the flow is generated 
and maintained against viscous dissipation by ‘slantwise’ convec- 
o tion from the potential energy associated with the density field 
resulting from the impressed heating and cooling. 

The detailed form of the flow pattern in the regular non- 
axisymmetric regime depends inter alia on the variation with 
distance r from the axis of symmetry of the impressed tem- 
_ perature field***. In the particular configurations considered 
in ref. 1, heat is introduced (or extracted) internally and extrac- 
ted (or introduced) via both sidewalls, with the corresponding 
-r väriation of impressed temperature showing a maximum (or 
- minimum) near mid-radius. The upper level flow pattern largely 
consists of m identical closed, compact, equally-spaced oval 
_ eddies. Near the edge of each eddy, the relative flow is concen- 
trated into a ‘peripheral jet-stream’ circulating in the same sense 
> as the shear of the background azimuthal flow, which is anti- 
- eyclonic (cyclonic) near the upper surface when the system is 
~. subject to internal heating (cooling) and cooling (heating) at 














trated. 











Fig.2 The instantaneous 
upper level (2/d = 0.7) 
fiow field with an isolated 
baroclinic eddy in a rotat- 
ing fluid subject to internal 
heating and sidewall cool- 
ing, obtained from a 
numerical simulation after 
20 min of simulated time 
since the introduction 
of the perturbation. a, 
Horizontal velocity vec- 
tors (maximum velocity 
indicated is 0.83 cms™'). 
b, Eddy kinetic pressure 
field (that is, with 


azimuthal mean com- 
ponent removed), with 
contour interval 


0.2cm*s? and negative 
contours are dashed. 
rs Vertically-averaged 
square of the Brum- 
Väisälä frequency, N° (a 
measure of the local static 
stability) averaged over 
the interval 0.07 = 2/d< 
0.87, with a contour inter- 
val of 0.01 s, The heavy 
contour is at 0.30s? and 
the hatched region indi- 
cates where N° < 0.25577. 


tively large values of J (in excess of 10’). The upper level 
nonaxisymmetric flow in a typical laboratory experiment near 
@=@O, is dominated by a steady isolated pair of baroclinic 
eddies. In Fig. 1, panel a shows a streak photograph of the flow, 
and b and c are derived from the velocity field, obtained using 
velocities measured from streak images similar to Fig. la by 
means of a novel automatic technique’’. The ‘eddy’ stream 


function shown in Fig. 1c is approximately equivalent to the or. 


eddy pressure field, assuming the flow to be geostrophic, and 
was obtained by integrating the above-mentioned velocity field 
and subtracting the azimuthal mean component. Figure 1b 
shows the flow pattern at this upper level, where the shear of 
the background flow is anticyclonic. The flow is clearly domi- 
nated by a single large anticyclonic eddy accompanied by a 
weaker cyclonic feature, together spanning no more than about 
100° in azimuth. Elsewhere the flow is virtually independent of 
@. The strength of the cyclonic feature in the flow varies with 
height, dominating the flow at low levels where the shear of the 
background flow is also cyclonic. As the transitional value Or 
was approached more closely than the flow in Fig. 1, the upper 
level cyclonic feature was observed to decrease in strength until 
it manifested itself as no more than a slight cyclonic curvature 
of the streamlines near the much more prominent anticyclonic 
eddy. The eddy stream function in Fig. lc emphasizes the 
localized nature of the disturbance, which appears as a strongly 
modulated pulse of waves with a wavelength of about 120° in 
azimuth, Once established, the pattern is quite steady, apart 
from a slow steady azimuthal drift relative to the walls of the 
apparatus at a rate which depends on a variety of factors (for 
example, endwall slope). An m=2 flow pattern, symmetric 
about a diameter, was found to occur under the same external 
conditions as those prevailing for an isolated eddy similar to 


Fig. 1. This is in keeping with previous findings**” that such 
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Fig. 3 a, A mosaic of Voyager 1 images of Jupiter, projected to show the planet as seen from below the south pole. Latitude lines are 
concentric circles centred on the pole, which lies within the black jagged area (due to missing data) at the middle of the frame. The long-lived . 
anticyclonic atmospheric eddies appear (apart from the GRS top right) as trains of white oval spots on lines of constant latitude. b-f, Upper 
level streak photographs, obtained in the laboratory at various values of @, showing steady regular baroclinic eddies in a rotating fluid subject 
to internal heating and sidewall cooling, b, Isolated eddy (equivalent to m = 1, compare Fig. ka), @= 2.92; c, m=2, @= 2.84; d, m=3,00 7 
© = 2.16; e, m=4, © =0.72; f, m=5, @=0.48. The mean radius of the planet Jupiter is 6.97 10’ m, nearly 10” times the outer radius of 
the annular convection chamber (107! m), but the appropriate dimensionless similarity parameters are comparable. : 


systems are ‘intransitive’ in the sense that m is not uniquely 
determined by © and J. 

More detailed data on the structure and energetics of the 
isolated eddy were obtained from our numerical model? t as 
follows. A two-dimensional (axisymmetric) version of the model 
was integrated to a steady state under similar external conditions 
to one of the experiments. Then, a localized perturbation of 
azimuthal width equal to one grid point was introduced into the 

» temperature field, and its subsequent evolution was followed 
“*, using the full three-dimensional model. Figure 2 shows some 
representative fields after 20 min of simulated time following 
the introduction of the perturbation, when the flow was settling 
down to its final state. The velocity field near the level sampled 
in the laboratory (see Fig. 1) is shown in Fig. 2a, and exhibits 
characteristics similar to those of the laboratory flows. The flow 
pattern is dominated by a single large anticyclonic feature 
_ accompanied by a weaker cyclonic circulation. The eddy kinetic 





~ pressure field in Fig. 26 confirms the conclusion from the labora- 


tory data (see Fig. 1c) that the eddy pair spans little more than 
‘100° in azimuth. 

An indication of the mechanism by which the eddy might 
develop as a localized feature is provided by Fig. 2c. This shows 
the instantaneous distribution in (r, @) of N?, the vertically- 
averaged square of N_ (see equation (3) above). Marked 
à azimuthal variations in N? are apparent, even though the distri- 





= bution of impressed heating and cooling is axisymmetric, with 


the isolated eddy occupying the range in azimuth where N? 
reaches a minimum. The entire pattern of N? drifts around the 
apparatus with the eddy. The azimuthal variations in N? are 
produced by the baroclinic disturbance itself, the nonlinear 
effects of advection serving to reduce the overall static stability 
such that it is only in the vicinity of the eddy that the local value 
of N? is sufficiently small for sloping convection to occur. These 


results demonstrate the effect of nonlinear interactions between 





rotation vector. According to the present work, the value of 


the eddy and its surroundings, which tend to sharpen its distribu- 
tion in azimuth. The crucial new discovery, however, is that 
when © is only slightly less than O, the disturbance equilibrates _ 
to a highly localized form, even though the boundary conditions — 
and heating are axisymmetric. Further studies are clearly 
required to examine the details of this mechanism, and to 
understand why the initial disturbance remains localized in 
azimuth and does not extend around the entire annulus, as- 
occurs in the model under conditions when © is significantly 
less than Op. De 

The results of ref. 1 and the present work demonstrate con- 
vincingly that fully-developed ‘slantwise convection’ can account 
for many of the observed properties of the long-lived eddies in 
the atmospheres of Jupiter and Saturn. Accordingly, the sense _ 
of circulation and oval form of the atmospheric eddies result — 
from the non-monotonic latitudinal variation of the background © 
thermal field, the associated zonal flow having strong horizontal _ 
(as well as vertical) shear. The compact nature of the eddies, 
their peripheral jet-streams and associated distribution of ver- — 
tical motion, and their longevity, are characteristic properties _ 
of baroclinic eddies over the wide range of parameter space — 
occupied by the regular nonaxisymmetric regime. The isolated _ 
nature of the most striking of all the atmospheric eddies, the _ 
GRS, is evidently characteristic of the regular nonaxisymmetric 
flow close to the transition to axisymmetric flow. The latitudinal 
scale of the eddies is governed by the spacing of the atmospheric _ 
bands of wind and cloud, which we presume here to be produced — 
by other, as yet not fully understood, processes'*"*, The vari- 
ation with latitude of the number of the oval eddies and their 
longitudinal scale, especially evident on Jupiter (see Fig. 3), 
most probably reflects variations in the width of the atmospheri 
bands and in the effective local value of © (see equation (3)) 
where 2 is now the local vertical component of the planet’s 



























reach a minimum at the longitude of the GRS. The former 
-result could be consistent with the absence of a large eddy 
< comparable to the GRS at similar northern latitudes on Jupiter, 
- since very small asymmetries in variables such as net heating 
- between the two hemispheres could result in O exceeding Og 
‘at higher latitudes in the northern hemisphere than in the 
southern hemisphere. We note also the property of intransitivity 
revealed by the laboratory experiments (see above), implying 
- that a pattern of flow that includes two or more regularly spaced 
eddies identical to the GRS may also be possible under the 
conditions now prevailing at the latitude of the present GRS 
(compare Fig. 3b and c). | 
At first sight it might seem remarkable that dynamically 
similar phenomena can be produced on scales differing by such 
a large factor, but the theoretical investigation of the dynamical 
processes that produce baroclinic eddies can account for this 
similarity??->-8.i+17, It is sufficient to say here that the flow in 
the main body of the fluid, outside the boundary layers at the 
top, bottom and sides, is quasigeostrophic and satisfies the 
so-called ‘potential vorticity’ equation 


D 3 1 =) l 
sm sen 4 
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-Here WV is a stream function related to the vertically-averaged 

horizontal flow, V? is the horizontal laplacian operator (so that 
V? is the average z-component of relative vorticity), D/Dr is 

< the substantial time derivative following the geostrophic motion, 

and f =2Q. The term ~—ar™' a¥/06 represents potential vor- 
‘ticity changes associated with the combined effects of axisym- 
metric sloping endwalls and variations in the vertical density 
stratification, where a depends on the values of the endwall 
slopes and the thermal structure of the flow'®'’. The term is 
roughly analogous to the so-called ‘beta’ term in the correspond- 
ing form of the equation used in dynamical meteorology and 
“oceanography'*'°, where a is there taken as the rate of change 
with latitude of the vertical component of the Earth’s rotation 
vector. An equation of this form governs many types of 
quasigeostrophic flows, including slantwise convection, in sys- 
tems ranging from planetary atmospheres and oceans with 
horizontal scales of thousands (and even tens of thousands) of 
kilometres down to the laboratory apparatus used in the experi- 
ments described in the present paper. This remarkable result 
can be understood by noticing that the essential balance of terms 
in equation (4) is such that 


Dt mal Aw m) z 


This implies that fL/NH ~ 1 if L is a characteristic horizontal 
dimension associated with the term V°V, and H is a charac- 
teristic- vertical dimension associated with the term 

- Palt N? a¥/az)/az. For example, in the case of the Earth’s 
atmosphere, L<10’m, f~10*s?, N~10°*s"' and H~ 
104m, so that fL/NH ~ 10, For typical laboratory annulus 
experiments L<107'm,0<f<10s7,0.1<N<1s”' and 3x 
—10°?<H<3X107' m, enabling a wide range of values of 
-{L/NH to be achieved, from zero up to ~ 300. This includes 
lues typical of planetary atmospheres. For the south tropical 
me of. Jupiter, where the GRS occurs, L~ 10’m and f~ 
- 10*s"'; this implies NH ~ 10° ms" if for quasigeostrophic 
| disturbances we have fL/ NH ~ 1. This value of NH is consistent 
with what little is known about the deep vertical structure of 
_ Jupiter’s atmosphere''*'*. (N/f~ L/H is sometimes referred 
i to. as the ‘Prandtl ratio of scales’, and, in special cases where H 
“jis a well-defined quantity, NH / f~L is termed the ‘Rossby 
of deformation’.) The ‘alpha’ term —er™'a¥/a6 in 
~ equation (4) can modify slantwise convection quantitatively, by 
-changing the azimuthal and, in extreme cases, radial wavelengths 
< of unstable modes and their rate of propagation relative to the 
mean flow, and altering the critical values of © at which axisym- 
_ metric flow gives. way to > nonaxisymmetric flowt. But there 
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at the latitude of the GRS hodla be close ti to en, and RE should l 
_ existence of tl 










does not preclude the 
ymmetric regime of flow that is 
invoked in the ł ypothesis discisied i in this paper. 
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Polar glaciation _ 
and the genesis of ice ages 


B. G. Hunt 


Australian Numerical Meteorology Research Centre, 
PO Box 5O089AA, Melbourne, Australia 3001 


One of the outstanding, unresolved climatic questions concerns 
the cause(s) of ice ages over geological time’. A recurring 
theme in many hypotheses” has been that land at high latitude 
is a necessary condition, as snow accumulation on such land 
would accentuate local cooling via its albedo effect. Although 
the validity of these hypotheses has been queried’, they have 
been applied to the three most recent glacial periods, namely, 
the Quaternary (present), the Permo-Carboniferous (=300 x 
10° years ago) and the Ordovician (=450 x 10° years ago). The 
involvement of high-latitude land has now been investigated 


with a general circulation model of the atmosphere, and the .¢. 
results presented here indicate that sea ice is readily produced .* 


in the model at high latitudes regardless of the existence of 
land. While land, or at least very shallow seas, may be necessary 
to promote glaciation, it appears that polar glaciation is the 
norm rather than the exception for the Earth. Thus no particular 
perturbation to the climatic system may be necessary to explain 
ice ages; rather the problem may be one of accounting for the 
intervening periods of warmth. The most promising solution to 
the latter problem is very large increases in the atmospheric 
CO, content. 

Experiments were performed with a large-scale atmospheric 
model in order to investigate the land/albedo hypothesis. They 
have been concentrated on the Arctic Ocean as it has been 
suggested®® that its ice cover can be destroyed relatively easily, 
which could cause it to remain ice free. Previous model 
studies’!° have shown that substantial atmospheric changes . 
resulted from permanently removing Arctic sea ice, but did not — 
demonstrate whether an ice-free state was sustainable. 

The control general circulation model has been described in 
some detail previously’ 112. Essentially it was hemispheric in 
extent, had 18-levels in the vertical and approximately 1,200 
gridpoints per level. It was set up for nondiurnal, annual mean 
conditions based on specified climatological, time invariant, 
zonal mean values of water vapour, carbon dioxide, ozone and 
clouds required for the radiative calculations. Neither mountains 
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Fig. 1 Zonally averaged, annual mean surface albedos for the 
control and ALBI runs. 


nor land-sea contrast were included; this appears to be the least 
arbitrary surface specification in view of the extent of the glacial 
periods under consideration and the poorly known range of 
continental dispositions possible. The model surface was effec- 
tively a ‘swamp’, implying zero heat capacity in the surface as 
regards the calculation of the surface temperature, but that a 
source of water vapour related to the saturation vapour pressure 
of the surface temperature existed at the surface. The advantage 


y of such a swamp condition is that it permits the model to compute 
‘fa surface temperature at all gridpoints compatible with its self- 


“ determined climate. The alternative in a model with land—sea 
contrast is to specify climatologically the sea surface tem- 
perature, which would be quite inappropriate for the experi- 
ments under consideration here. The model also incorporated 
the atmospheric hydrological cycle, implying it forecast its own 
precipitation, but that this forecast was independent of the 
specified cloud properties used in the radiative transfer code. 
Despite the simplification employed in the model, it was capable 
of simulating many of the features of the current climate, includ- 
ing surface temperature!!. 

A sea-ice model in one of the experiments was a simplified 
version of that developed by Parkinson and Washington’? In 
this model, starting with the mixed layer ocean, the change in 
its temperature, To, at any time was determined by the net heat 
input, Q, due to solar radiation, upwards and downwards long- 
wave radiation at the surface, sensible heat flux and latent heat 
_ flux as determined in the model. Then 


To~ = To - QDT/(HC) 


DT = 10 min is the time between temperature calculations, H = 
70 m, the mixed layer ocean depth and C = 4.19 x 10° Im ° K7!, 
the heat capacity of seawater. If Ty is below 271.2 K, the freezing 
point of seawater, 100% of the model grid square was assumed 
to be ice covered; no snow accumulation on the ice was con- 
sidered and no movement of the ice was permitted. The initial 
sea ice depth was: 


Z=(271.2~ T} HC/ k, 


= where k;=3.02X 10° Jm~? is the heat of fusion of ice. In the 
presence of sea ice Q is modified to include a heat flux through 
the ice, F}, and an oceanic heat flux, Fy, into the ice. 


Fi= kd To- T*)/Z 


4 where k,=2.04 Jm~* s7 k™! is the thermal conductivity of ice 


and T* is the surface temperature of the ice. An oceanic heat 
flux of 10 Jm~* s~? was assumed, close to the tentative estimate 
of 10.8 Jm~*s"' by Aagaard and Greisman"‘ for the net heat 
input into the Arctic Ocean attributed to oceanic transport. 
Estimates for the value of this heat flux vary considerably, with 


the value chosen here being rather high. This would have pro- 
duced a conservative result as the ice thickness would have been | 


underestimated. For surface temperatures below 273.1 K it was 





to 0.7 for temperatures below 263 K: The model was 
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Fig.2 Zonally averaged surface temperature for the control ri 
scale on left, and surface temperature differences for the various 

runs, scale on right. The ‘noise’ run was a perturbation experimen 

designed to indicate the natural variability of the modelo oo 


assumed that accretion occurred to the underside of the ice floe 
at the rate ctu Cea 


DZ =—DT(Fo- F,)/k, 


The sea ice could, of course, melt depending on the temporal. 
variability of the net heat input at a given gridpoint. vgs 

Although this ice model is extremely simple it has reproduced _ 
both seasonal and interannual sea ice variations quite capably | 
for both Arctic and Antarctic models (B.G.H. and H. B. Gordon, 
data not shown). a 

Two perturbation experiments were performed with the 
model to determine whether an ice-free ‘ocean’ centred on the 
North Pole was viable. The first, ALB1, simply consisted of 
replacing the existing glacial surface albedos from about 70°N 
to the pole by oceanic albedos'°'® (Fig. 1). Note that even 
though annual mean surface albedos are displayed in Fig. 1, the 
difference between the high-latitude values is rather large; hence 
the importance of albedo changes to the hypotheses mentioned — 
above. In effect this ‘ocean’ was of zero depth and heat capacity 
with its surface temperature determined.as in the control. Start- 
ing from fully developed synoptic distributions from the original _ 
model (the control run) the experiment was integrated for n? 
model days, with the final 72 days being time averaged and used _ 
for analysis. BPS AE 

The second experiment, ALB2, had a slightly larger ocean 
extending approximately 65° N to the pole. In contrast to ALBI, - 
the thermal capacity of a mixed layer ocean with a uniform 
depth of 70 m was included in the surface temperature calcula- 
tion. The initial surface albedos were the same as ALBI: No 
horizontal currents or transport processes were permitted in 
this ocean. This run was initiated from the equilibrated fields 
of ALB1 at day 45, and for the next 26 days the mixed layer. 
ocean was not permitted to cool below 271.2 K. Thisadjustme 
period was designed to permit the atmospheric system to cot 
form to the ice free oceanic condition to see whether th 
condition could be maintained. Subsequently sea ice was allowed 
to grow with an initial assumed albedo of 0.4, which increasec 


















for just over 100 days in this mode with the time 
results for the last 78 days being analysed. Bio 
The surface temperature response to the high-lati tude alb 
changes is shown in Fig. 2. The largest polar warming, 4.5 K | 
ALB1, was insufficient to raise the surface temperature abo: 
the freezing point of seawater. The comparison with the noise 
model in Fig. 2 indicates that the surface temperature variation 
in ALB1 was essentially locally confined to the area where 
surface albedo was modified. Examination of various gener: 
circulation characteristics revealed close similarity in the ove 
behaviours. of ALB1 and the control. For example: th 
mean poleward fluxes of sensible and latent heat owin; 
scale eddies varied noticeably from those of the con 
polewards of 75°. A hemispherically averaged atn 











Fig. 3 Sea ice extent and thickness for a nominal Arctic Ocean 
under annual mean conditions after 92 days model integration. 
Contour intervals are in metres. The pole is indicated by the + sign. 
Land is shown hatched, unfrozen ocean is clear and sea ice stippled. 


warming of 0.1-0.2 K resulted from the albedo reductions, 
suggesting that they can make a very modest contribution to a 
global warming. 

~ Tn ALB2 the zonal mean surface temperature, Fig. 2, at very 
high latitudes was only about 1.5 K warmer than the control. 
ALB? exhibited rather more variability from the control than 
ALB1 in its general circulation characteristics, possibly because 
it had not quite attained equilibrium. For example, the sea ice 
extent at the end of the experiment, Fig. 3, was still increasing 
in thickness and, extremely slowly, in spatial extent. The ice 
distribution was very asymmetric, reflecting the computed sea 
surface temperatures, but in three locations it extended almost 
to 65° latitude. Note that this ice cover was grown in less than 
100 days under annual mean conditions, hence no difficulty 
would be expected in achieving such a cover during winter in 
a seasonally varying model. This ice would then be expected to 
survive throughout the year, as is observed. 

Thus these results indicate that surface albedo associated with 
continental dispositions at high latitudes is not a decisive factor 
in determining frozen polar regions, Furthermore the results do 
not support conjectures that land (of high albedo relative to 
oceans) is also required at low latitudes for glaciation’’. The 
low latitude albedo in Fig. 1 is very close to the oceanic value, 
yet the control, ALB1 and ALB2 runs all attained sub-freezing 
temperatures at high latitudes. The experiments reinforce the 
conclusions of Burrett “that no obviously simple correlation 
exists between the latitudinal distribution of land and total 
` surface albedo for epochs immediately preceding the initiation 
of ice-caps...”’. 

-o The above remarks do not imply that high-latitude land plays 
-no tole in ice ages. For immense ice sheets such as now exist in 
Greenland and Antarctica to be produced, it is necessary to 
` have some land, or extremely shallow seas where an ice sheet 
-can bottom, to permit their growth. Thus appropriately located 
` Jand is a necessary requirement for an ice age to attain its full 
< potential, as noted by Crowell and Frakes’, but is not needed 
for its initiation. 

- Furthermore, the experiments show that an initial ice free 
_ Arctic Ocean would be expected to refreeze, and that an ice 
_ extent and thickness similar to that observed would be attained. 
A stable, alternative ice-free state does not seem viable for 
overall climatic conditions similar to the present. This conclusion 
is at variance with the requirements of the well known Ewing- 

Donn theory of ice ages’®. 

The implications of these experiments extend considerably 
beyond challenging the land/albedo hypothesis. Thus Fig. 3 








suggests that the preferred state of the Arctic Ocean is ice 
covered, unless some substantial climatic fluctuation provides a 
considerable energy flux convergence into the polar region to 
provide a warming. This result is eminently reasonable when 
one considers the geometrical and seasonal factors which minim- 
ize the solar input at high latitudes. Clearly during the polar 
night temperatures well below freezing point are to be expected, 
the resulting perennial sea ice on the Arctic Ocean would 
maintain surrounding surface temperatures below or near freez- 
ing over much of the year. Most precipitation would occur as 
snow, and over a sufficient length of time adjacent continental 
ice sheets would accumulate. The viability of this proposal seems 
central to the requirements of the Milankovitch theory of ice 
age perturbations'’. The theory requires that rather small 
decreases in the geographical distribution of solar radiation 
cause dramatic ice sheet increases. The presumption is that the 
associated cooling increases snow accumulation leading to the 
growth of the existing ice sheets, similar to the above proposals. 
Thus frozen polar regions seem to be a necessary and sufficient 
condition (subject to some access to oceans for a source of water 
vapour) for the creation of ice ages. In particular, there is no 
necessity to invoke any special mechanism to promote a global 
cooling in order to initiate an ice age. 

If then the past three glacial periods in Earth’s history rep- 
resent the norm the problem is to explain the intervening warm 
periods, as these should be considered climatic aberrations. This 
is a problem which has been noticeably neglected, if its existence 
is, in fact, generally appreciated. It is far easier to devise mechan- 


ism for cooling rather than warming the Earth”. Significantly “4 


the current proposition simplifies the problem of past climates: 
now it is only necessary to account for warm periods, previously 
it was necessary to explain both warm and glacial periods. 
One of the critical problems of explaining past warm periods 
is their equability’ that is, there was less latitudinal contrast in 
climate. This feature eliminates many possible dynamical expla- 
nations, and the simplest mechanism is that of greatly increased 
atmospheric CO, amounts during such warm periods, as advo- 
cated by Budyko!. Model calculations’? support the concept, 
particularly as regards the equability requirement, as enhanced 
warmings are produced at high latitudes. Budyko”’ using a 
simple zonally averaged heat balance model has computed 
globally averaged surface temperatures for the past 570 Myr 
allowing for variations in surface albedo, solar constant and 
CO . He claims remarkably good agreement with observations 
with temperature increases of up to 10 K for CO, enhancements 
of a factor of 10-12. Additional calculations by Budyko* indicate 


that such temperature increases, if maintained during winter, |... 


would remove the existing Arctic Ocean ice cover over a period 
of years. Certainly the existence of limestone sediments, coal 
deposits and so on demonstrates that enormous amounts of CO; 
have effectively been transferred through the atmosphere over 
geological time. It would be unreasonable to assume that large 
variations have not also occurred in the atmospheric CO, con- 
tent over this time**. 

In essence then it is proposed that ice ages are the natural 
climatic state of the Earth for atmospheric CO, amounts similar 
to that now existing, and that in accordance with Budyko*’ 
warmer periods were associated with much higher levels of CO2. 
The elegant simplicity of the proposal has much to commend 
it. Estimates of past atmospheric CO, levels are clearly desirable 
to evaluate this hypothesis. Other climatic perturbers such as 
continental drift, volcanic activity and short term solar fluctu- 
ations should then be seen as modulators of the basic climatic 
state, but without the ability to cause transitions to a different 
state. 
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Is neutron radiation exposure 
_ always detrimental to metals (steels)? 
: K Linga Murty 


Nuclear Engineering Department, North Carolina State University, 
Raleigh, North Carolina 27650, USA 





It is well established that irradiated metals and alloys exhibit 


w, increased mechanical strength accompanied by reduced duc- 
sx tility, commonly referred to as irradiation strengthening and 
“~~ embrittlement. We talk about radiation damage and environ- 


mental degradation of metals following radiation exposure. 
Indeed, there have been numerous conferences and symposia 
held and planned on this subject, which include research work 
and discussions with the central theme being the damage created 
in materials by neutron radiation exposure. Radiation embrittle- 
ment in metals is believed to be due mainly to (1) changes in 
flow properties because of the interaction of dislocations with 
irradiation-produced defects’, and (2) precipitation of transmu- 
tation-produced gases and irradiation-induced Segregation at 
grain boundaries which are potential fracture sites’. Contrary 
to the previously observed radiation embrittlement in metals, 
I report here that neutron irradiation of mild steel improved 
both the mechanical strength and ductility at 373 K even at 
relatively high (~10** neutrons cm™*), fast (>1 MeV) neutron 
doses. To my knowledge, such improvement has never been 
observed before. | 


500 


Fig. 1 Stress-strain curves of mild 

steel at room temperature depicting 

the effect of incremental neutron 
irradiation. 
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The material used for the present study w 
rimmed mild steel whose composition is given in 
steel wires of 0.001 m diameter and 0.0385 m gauge 
annealed in vacuo at 973 K to a final grain size 
Prepared specimens were irradiated to obtain fı 
fluences: 3.9x10'°, 2.8x10'!7, 2.0x10%8 a 
neutrons cm `? (>1 MeV). The experimental deta 
in refs 3 and 4. Special precautions were taken 
irradiation temperature constant at 353 K. All of thi 
tests were performed on a tensile testing machine ai 
strain rate of 1.36X10™*s"'. Test temperatures wer 
from ambient to 573.K; however, we report here t 
mental results at room temperature (~293 K) and 37. < 

Figure 1 is a compilation of load-elongation curves of mild 
steel at ambient temperature and illustrates the effect of neutron. 
irradiation resulting in increased tensile strength and pro- 
nounced embrittlement, particularly at high fluences. The room 
temperature ductility of ~40% decreased to ~25% at 2.0K 10'8 
neutrons cm”. At a still higher fluence of 1.4 x 10'? neutrons. 
cm™ a precipitous drop in ductility (~3%) was noted. These 
results are similar to the earlier observations on. radiation 
embrittlement of metals’. In addition, the rate of work-hard-. 
ening decreased while Liiders strain increased with increasing | 
neutron fluence; at the highest fluence, fracture occurred during 
Liiders propagation itself resulting in pronounced èm- 
brittlement. a 

Similar load-elongation curves of mild steel observed at 373 K 
are reproduced in Fig. 2 where we note that the unirradiated 
material exhibited serrations or jerks beyond the Lüders strain 
in the work-hardening regime, unlike that at room temperature 
which had a smooth stress-strain curve. This unstable. plastic 
flow is due to the so-called dynamic strain-ageing or blue brittle 
phenomena occurring in these materials due to the interaction 
of interstitial impurities such as C and N with dislocations’*. It 
is well known that the onset of unstable flow is characterized 
by a precipitous drop in ductility, as is clear from Fig. 2 where | 
the ductility at 373 K decreased to ~11% from 40% at room — 
temperature. After neutron radiation to 3,9x10' neutrons _ 
em “, the load~elongation curve exhibited random ‘wiggles’ in 
the load in an otherwise smooth curve, but the elongation to- 
fracture increased simultaneously with the stress for plastic flow. 
As neutron fluence increased, the yield stress (the stress at which 
Liiders band propagates) increased together with the ductility — 
up to ~2.0 x 10"* neutrons cm~? with essentially smooth defor- _ 
mation curves. At the highest fluence of 1.410!* neutrons | 
cm™?, the yield stress increased with a drop in ductility to ~3%, 
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eutron irradiation on strength and ductility at room 
temperature (RT) and 373 K 
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Fig. 2 Stress-strain curves of mild steel at 373K as a function 

of neutron fluence. Note the jerky load-elongation curve for unir- 

-gadiated material, with a pronounced drop in ductility. Except at 

the highest fluence note the improvement in mechanical strength 
and elongation following radiation exposure. 


the same as that at room temperature. The effects of neutron | 


-irradiation on yield stress and ductility are shown in Table 2 


“and are depicted in Fig. 3a and b, respectively. It is clearly 
- demonstrated that at 373 K, the yield stress increased by 75% 
e ductilit increased by 100 %(!) following neutron radi- 
posure to 2.0x10'* neutrons cm™* (>1 MeV). This 
ficial effect of neutron irradiation is due to the 
























‘and N) in steels, resulting in a reduction of the 


ts of dynamic strain-ageing and neutron 
ussed in more detail at the Sixth Interna- 
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significant impact on our understanding 
tlement of nuclear pressure-vessel steels 
al shock (PTS) phenomena presently con- 
reactor) industry”. This type 
hould also be present in typical nuclear 
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Fig. 3 Effect of neutron irradiation fluence on yield stress (a) 
and ductility (b) of mild steel at room temperature and 373 K. 


pressure-vessel steels (for example, A533B and A302B), albeit 
to a lesser degree due to increased alloying elements. The limited 
work reported in these steels (unirradiated condition) does 
demonstrate the existence of dynamic strain ageing®. The fact 
that both the stress and ductility increased in the present study 
at 373 K following irradiation (to 2.0X10** neutrons cm *) 
implies that toughness would also increase, contrary to the 
accepted norm of decrease in toughness after radiation 
exposure®. This is because the rate of deformation used in the 
present study is quite low compared with that used in obtaining 
pressure-vessel surveillance data which are usually determined 


from Charpy impact tests and thus these effects due to strain- ag 


ageing would occur at much higher temperatures. In addition, `% 
the ranges of temperatures and strain rates where these synergis- 
tic effects would be important are functions of alloy composition 
and heat treatment. Further work on pressure-vessel steels is 
planned to delineate these differences. | 
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The shape of the ocean floor has been successfully modelled 
using the framework of plate tectonics’. Lithospheric plates 
approximately 100 km thick lie above the hotter, less viscous 
asthensophere. At the ridges, the lithosphere thins. Plate separ- 
ation is accompanied by creation of new ocean floor as the 
asthenosphere flows upwards and cools on approaching the 
surface. As a result, heat is concentrated beneath the ridge axes, 
Densities are lower due to thermal expansion, so that for iso- 
Static equilibrium the sea floor sits some 6km shallower than 
older sea floor, well off axis, where the temperature anomaly 
is absent. At fast spreading ridges (velocity v > 5 cm yr) such 
as the East Pacific Rise, this description fits well. A central 
ridge crest is flanked on either side by bathymetry which 
deepens in agreement with thermal models*~ at a rate propor- 
tional to the square root of age of creation. However at slow 
Spreading ridges, v < 5 cm yr™*, a major central graben of order 
1 km deep replaces the central ridge crest, although the square 


vx, Foot of age dependence is observed well away from the axes. 
y Isostatic equilibrium is not achieved’, since the sea floor lies 





A 1-2 km below the equilibrium level. In this report I demonstrate 


that this graben or median valley can result from steady state 
dyke intrusion into, and brittle failure of, the axial lithosphere. 

Figure 1 is modified from a current thermal model“ of 
creation of the lithosphere. Solid lithosphere overlies relatively 
fluid asthenosphere, which accretes onto the lithosphere as it 
moves away from the ridge axis. Under the ridge crest, molten 
material from the asthenosphere is introducted episodically into 
a narrow vertical crack and cools to form dykes. The vertical 
thickness of the intrusion zone varies inversely with spreading 
rate. It has been estimated that a ridge spreading at a rate of 
lcm yr’ has an intrusion zone depth of 3.2 km (ref. 4). Geo- 
physical and geological evidence supports this description of the 
axial lithosphere*”'?, The presence of a continuous layer of 
strength at the ridge axis has been inferred from other thermal 
as well as petrological models*’. Rayleigh wave dispersion 
studies in the Pacific’® indicate lithosphere thickness at the ridge 
crest is only a few kilometres. Studies of plate flexure models 


_ of isostatic compensation also give thickness values of 2-3 km 


(refs 11-13). 

The field evidence includes mapping of ophiolite complexes, 
thought to consist of upthrust oceanic crust and upper mantle?4, 
Layers of sub-vertical sheeted dykes have been found which, 
observation suggests, formed at depths of 1-3 km (refs 15-16). 
The dykes are emplaced against each other without intervening 
country rock and have a thickness of order 1m. Above the 
sheeted dykes a layer of pillow lavas is found which resulted 
from lava extrusion and rapid quenching on the sea floor. Dykes 
form during an intrusion episode. As the sea floor spreads they 
are rafted away to form the sheeted layers. We suggest here 
that the forces of dyke intrusion are responsible for the forma- 
tion of the median valley. 

Surface displacements associated with dyke intrusion or 
magma-fracture have been measured in the rift zone of Kilauea, 


o+. Hawaii” and north and south of Krafla volcano in northern 


Iceland’*. Two-dimensional, near-vertical elastic crack models!” 
have been used to invert the deformation to estimate the crack 
geometry and position. Depths to centre, heights and widths, 
which have values in the range 2-3 km, 1-5 km and 0.5-2 m 


respectively, are similar to values seen for the sheeted dykes. 
The surface deformation above a buried dyke consists of two 

ridges separated by a central graben which lies above the dyke — 
- (Fig. 2a). In this study, the important observation is that the- 





`% to give a curve close to that predicted by the intrusion z 
thermal models*“. ik 






















deformation includes inelastic components corr 
fissures at the ridge crests and inward-dipping no 
accentuate the central graben'?. Away from t 
where stresses are lower, the deformation profil 
presumed to arise from elastic strain, allowing the 
separated into elastic and anelastic components 
vertical deformation, which resembles the inferred 
mation in form, is estimated to be 1-2 times the ampli 
its elastic counterpart. We can show that steady state s 
position of such anelastic profiles at a spreading mid-ocean. 
gives rise to the central graben. ot a 
A convenient mathematical description of vertical 
deformation due to magma-fracture into vertical dykes ir 
approximating the fracture by a dislocation?° with displacement 
normal to the dislocation surface (Fig. 1). For an infinitely long 
fracture the vertical displacement, W., is given byi o cotio 





bf d} d? | a 
Wana) ot x? +d? i D) 


where b is the Burger’s vector or normal displacement of the 
crack surfaces, d, and d, upper and lower crack edges respec- 
tively. b is related to the internal overpressure Py (that is, 
pressure above lithostatic), and the modulus of ridigity of the 
surrounding medium, u, by7°, seen 


P h a 
b=— (d,~d,) (2) 
H ile 


A representative profile is plotted in Fig. 2a. 

We next assume that the anelastic deformation is given. by 
the elastic expression of equation 1. This assumption is made 
for two reasons. First, as stated earlier the observed anelastic 
deformation resembles the form of the inferred elastic deforma- 
tion’®. Second, were we to model the brittle failure of the 
surrounding medium using the correspondence principle of vis- 
coelasticity**, the viscoelastic form of the resulting deformation 
would be identical to that of the elastic case. Therefore, after 
each dyke injection an anelastic deformation W.(x) is preserved 
in the ocean floor topography, but rafted away from the ridge 
crest at the spreading velocity. The effect of superimposed. 
episodes of magma-fracture is then given by, ues 


Wax) = [ {= ~vt) +d} (x-vt)+d? a m 


ee 2) ata (=)| a 
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where b is the steady state dislocation rate, or the excess injec= 
tion rate into the dyke zone over that required to fill the gap 
caused by spreading. This results in a graben (Fig. 25) with 
width many times that of an individual dyke. Since the graben 
is depressed below isostatic equilibrium for the ridge problem, | 
we take W,(x = 00) as the level at which isostasy is achieved, 

The final step in modelling the ridge crest “structure is to- 
superimpose the magma-fracture model onto the topography- 
predicted by lithosphere cooling models** that is © 5 


T 






W(x) =-e-fvx/v 


where e has been found to have values of 2,500+250m and : 
ranges from 0.33 to 0.52 km Myr !/? (ref. 5). This range implies 
regional variation in the plate parameters: thickness, density, © 
thermal diffusivity or base temperature, Thus we have no a 
priori expectations for these values for a given situation, other . 
than they are expected to fall in the range found for the fastest. 
spreading ridges where the median valley, and by implication, 
magma-fracture effects are absent. | k 
The cooling model topography is plotted in Fig. 2c. Near th 






ridge crest, the cusp at x =0 due to the /x/b dependence 
been smoothed over the range |x|<2km using a quadratic 
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. Fig. E Shape of the upper and lower surfaces of the lithosphere 
for a slow spreading ridge. The dyke injection zone transfers 
upward forces of buoyancy to lateral forces of intrusion which 
results in ridges flanking a central graben which is lower than the 

< isostatic compensation level. Each dyke is modelled as an infinitely 

Jong vertical crack of rectangular (dislocation) cross-section 

~~ beneath the surface of a semi-infinite medium. Depths of the upper 

| and lower crack edges are d, and d, respectively. 


The composite model is then given by 


b 
W(x) = ~e~ fy x/v+t— 
TU 


i ae oa -1(x)|_5(d2~ di) 
{ds tan (=) d, tan (=)} am 
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where the last term represents the adjustment of the fracture 
model to isostatic equilibrium. W(x) is plotted in Fig. 2d fitted 
to an averaged bathymetry profile from the Mid-Atlantic 
Ridge**. Profiles between 14°10’ and 14°40’N were stacked 
and averaged and the resulting profile symmetrized*’. The stack- 
‘ing and averaging reduced the roughness in the topography, 
‘a predominant feature of slow spreading ridges. Values for 
the parameters used in the fit are d,;=1km, d,=5km, 
b=0.80cemyr¢, v=ilemyr', e=2,250m, f=0.52 km 
-(Myr)”'/?. The values of e and f for the cooling model fall to 
“one side of but within the range found for ridges without valleys”. 
< Similar values have been observed at one of the fastest spread- 
‘ing axes, that of the southern East Pacific Rise (v = 7. cm yr‘) 
(ref. 5). A less steep cooling model may be applicable (for 
-example that of Parsons and Sclater‘) if the magma fracture 
effects are more confined to the axis pe predicted by am 





phi 
irom it. ‘Since ‘the sgt VAriAHiOA is E P A this more 
-complex problem is unsolvable at present. 













For the dislocation model, the depth, (d, + d3)/2, is the most 
nstrained parameter. An inverse trade-off between height, 
ad and sh glean rate, b, occurs which ae) minor a 





servation 1 of lateral flow, the Baad injec- 
balances the increased cross-section to 


othe flow at the 3 mountains. Therefore, from a steady state 
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Fig. 2 a, Elastic or viscoelastic deformation due to injection of 
a dyke beneath the surface of a half-space. b, Superposition of the 
deformation a due to steady state dyke intrusion into a spreading 
lithosphere. The large graben which. results is taken to lie below 
the level of isostatic equilibrium for the mid-ocean ridge case. c, 
Isostatically compensated topography expected from plate cooling 
models in the absence of dyking or constricted flow of the astheno- 
sphere at the ridge axis. d, Superposition of curves b and c and 
comparison to digitized (dots) averaged bathymetry (after ref. 23) 
from the Mid-Atlantic Ridge. a 


point of view, the excess injection and dyke solidification deflects 
the upward flow at the ridge crest, into the rim mountains. If 
the medium remained elastic, equation 4 describes the resulting 
surface deformation which must sustain strains of order 107°. 
Elasticity will break down well before this, as seen in the 
Hawaiian and Icelandic examples. 

Dyke injection into rift zones and associated volcanism is 
episodic. For example, rifting of the plate boundary in northern 
Iceland occurs every. 100-150 years’*. In this model, during the 
period between injection episodes, the stresses will relax in two 
ways: through anelastic failure and flow as seen on Krafla and 
Kilauea, and by relative plate motion. If the former is absent, | 
in iecuon ia will: eects stresses at a e level if t e plate tes 


1-2 times the a of the latter 
over a much smaller interval, allowing the 




























_ failure of this magnitude. 





Although one must treat with caution a model involving a 
5-parameter fit, we would counter that the parameters are all 
within the range observed for these processes elsewhere. 

The depth to the centre of the dyke zone is governed by the 


4 width (approximately one tenth) of the median valley. For faster 


spreading ridges, this width decreases. We have fit the model 
to bathymetric profiles’ from the North (v = 1.20 em yr~') and 
South (v = 1.5 cm yr~!) Atlantic and the Sheba (v=L4demyr 3) 
and Gorda (v = 2.9m yr7') ridges which gave depths of 3.1, 
3.1, 2.6, 1.6 km respectively. When spreading is so fast that no 
valley is formed, dyke intrusion is not then a determining factor. 
This leads us to suggest that the difference between fast and 
slow spreading topographies depends on the ratio of intrusion 
to extrusion. For slow spreading, the cooler intrusion zone traps 
a high proportion of injected magma by cooling and solidifica- 
tion, possibly by hydrothermal cooling, before lava can erupt 
onto the sea floor. (Some eruptions must occur because of the 
presence of the pillow basalts layer.) In the hotter more mobile 
lithospheres at fast spreading ridges, extrusion occurs more 
readily and buoyant rise to isostatic equilibrium is achieved right 
at the ridge crest. 

The model described here incorporates many features of 
earlier models of the median valley. These include constriction 
of the upwelling asthenosphere due to viscous forces**?>, neck- 
ing of the upper brittle/elastic zone’, asthenospheric flow due 


»», to surface unloading as the plates part”, and imbalance between 


*dyke injection and lateral strain 


627, This model differs in that 


-e constriction occurs in the upper 5 km of the lithosphere where 


_ graphy. Values of 


the flow freezes solid. Below this, where temperatures are near 
or even above the solidus**, forces due to viscous flow are 
assumed to be negligible. Necking in the region above a dyke 
results from the forces on its surfaces, Owing to the large area 
subtended horizontally, the ma jor forces are laterally outward. 
Immediately above the dyke there is a concentrated horizontal 
tension which, unless the dyke solidifies, enables it to extend 
upwards by crack propagation. Above the dyke near the surface, 
this zone of tension bifurcates into two mounds separated by 
the central graben. 

Our model does not fit the high frequency fluctuations in the 
bathymetry: notably the rim mountains are higher than the 
smooth theoretical curve. However there are other deviations 
of comparable magnitude. It is therefore not compelling at this 
Stage to add another ingredient such as plate flexure". The misfit 
at the rim mountains was even more pronounced for the fits to 
the other ridge profiles, but again there were other equally large 
deviations. The fact that the misfit lessened for the averaged 
profile suggests that the deviations are incoherent on the differ- 
ent profiles and that the description of the first order features 
of the ridge requires using averaged depth. : 

The free air gravity anomaly for a ridge in isostatic equilibrium 
is positive over the ridge crest and decays with distance in a 
manner similar to the fall-off in the height of the ridge topo- 
\ ~60 mgal have been estimated above the 


: ridge relative to that measured some 300 km away*. Super- 


position of an uncompensated 1,500 m deep axial graben, as in 
Fig. 2b, would depress the free air anomaly to ~40 mgal at the 
axis. This qualitative description agrees with the observational 
evidence’?*, Quantitative comparison will require evaluation 
of the isotherms for the thermal model and integration of 
the gravity equation, but this is outside the scope of this 


‘report. 


The composite model proposed here explains the graben, or 
median valley, and rim mountains found at slow-spreading 
oceanic ridges. The model superimposes anelastic deformation 
due to dyke magma-fracturing onto the isostatic topography 


predicted from plate cooling theory. The success of early thermal 


models'** resulted from describing ridge features by understand- _ 
__ ing near-surface processes, so that deeper motions in the mantle 
could eventually be unravelled. In the same vein, this model 
finds the median valley to bea consequence of very-near-surface 





TTERS TO NATURE 


_ and Icelandic observations support the argument for anelastic 


a l-km square box; a 
boxes. The velocities of the central part of the final model are 
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effects in the cooled upper 5 km of the lithosphere, rather than 
the result of flow in deep conduits?’ or magma chambers at 
greater depth*’. anes 
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The Mohorovicic discontinuity (the Moho) is properly defined | 
as the step in the velocity of horizontally travelling P waves | 
from about 7 kms"! to about 8.1 km s~% Hs detailed structure 
varies from place to place, but it is universally interpreted as _ 
the transition from crust to mantle. Normal incidence reflections _ 
originating at about Moho depth have been reported sporadi- — 
cally during the past 20 yr. During the past 10 yr continuous _ 
seismic reflection profiles have been obtained to this depth both 

on the continents and in the deep sea and, at the same time, 
striking improvements have been made in the methods available 
for interpretation of ‘refraction’ experiments. Here we report 
a comparison between the Moho determined by a long range — 
refraction experiment across the North Sea and the results of 





a short normal incidence refiection profile shot along the same 


line (Fig. 1). We believe this to be the first time that such a 
direct comparison has been made. 

The refraction experiment}? was completed in 1981 as part - 
of a programme to check the application of the stretching > 
hypothesis? to the formation 


The modelling program* ascribes ) 
the North Sea model has 5370 such 


summarized in Fig. 2a. The model is well constrained in this 


of the North Sea basin. Seis- a 
mograms were interpreted by amplitude modelling, allowing for: 
a velocity structure that varies both vertically and horizontally. re 
3 a constant velocity within © 






Fig. 1 Map of North Sea showing graben system and position of 
seismic profiles. Slashed line, refraction profile; solid lines, deep 
normal incidence reflection profiles. 


central region. These velocities were used to convert the model 

_depth-to-Moho into the equivalent normal incidence two-way 

“travel time séction. The uncertainty from the modelling of this 
estimate of the Moho reflection time is about 0.2s. If the 
basement were strongly anisotropic (say 5%, with a fast velocity 
in the horizontal direction) the normal incidence Moho reflec- 
tion time might be overestimated from the refraction data, but 
by no more than about 0.2 s. 

The seismic reflection profile was acquired for the British 
Institutions Reflection Profiling Syndicate (BIRPS) in February 
1983. It was shot and processed by Western Geophysical as one 
of two such short profiles (Fig. 1) planned to test whether it is 
possible to obtain deep reflections despite the thick sediments 
and salt in this part of the North Sea. A line drawing of the 
data, based only on reflector strength and continuity, is shown 
in Fig. 2b. At the west end of the line, west of the marginal 
fault of the Central Graben, layering is apparent in the lower 
part of the crust. This layering appears similar to that already 
reported from the north-west of Britain”, from the USAS, from 
Australia’ and from Germany (R. Meissner, personal communi- 
cation), although it occupies less of the lower crust than it does 

en much of the WINCH line from north-west Britain. In Fig. 
4c the Moho reflection times calculated from the refraction 
model are shown superimposed on the reflection data. The width 
-of the Moho trace is some measure of the uncertainties. It can 
be seen that the refraction Moho lies along the base of the 
cotrelatable reflections from the lower crust. At this place in 
the North Sea there is no discrete reflector to mark the top of 
the upper mantle. : 
“These observations are compatible with predictions” of a 
~ Jower crust that includes laminae of ultramafic rock just above 
‘the Moho which are expected to give rise to significant reflec- 
tions. The laminae are too thin to transmit P waves hori- 
- zontally at mantle velocities; Moho refracted phases travel 
=. through a relatively homogeneous ultramafic layer below the 


< We conclude that in this small region of the North Sea, the 
oho lies at the base of the layering in the lower crust; no 
ingle reflector marks its position. With the increasing interna- 
tional interest. in the deep structure of the continents it is 

nportant that similar in-line reflection and refraction experi- 
ents are undertaken, so that two-dimensional (and eventually 
ee-dimensional) models of seismic velocity and acoustic 
impedance (density x velocity) may be compared and combined 
9 give a more complete picture of the deep crust. 

The SALT data may be obtained at cost of reproduction from 
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Fig. 2 a, Veolcity-depth-distance model of part of refraction 
profile coincident with SALT2 deep reflection profile. Fine lines 
show contours in seismic velocity; they do not represent layering. 
Arrow marks western boundary fault of the Central Graben. b, ay 
Line drawing of SALT2 data based on reflector strength and oe 
continuity, to same horizontal scale as a. Note band of strong 
reflectors at about 10s two-way. time on the western part of the 
line. c, Two-way time normal incidence profile to Moho (stippled 
line) determined from refraction model of a, superimposed on 6. 
Width of stippled trace is a measure of probable error in the 
method. 
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The high resistance of organic nitrogen complexes in soil to 
microbial attack is of significance to crop production, N balance 
of soils, geochemical and pedological processes, and environ- 
mental quality’~°. Several theories have been given to account 
for this phenomenon. An important theory indicates the stabiliz- 
ation of nitrogen through the formation of nitrogenous polymers 
during the reaction of nitrogenous substances with poly- 
phenols’~*. It is well known that the formation of nitrogenous 
polymers from nitrogenous substances and polyphenols is accel- 
erated in the presence of phenol oxidase enzymes’ and oxi- 
dants such as Ag,O (ref. 9). However, the promoting effects 
of soil inorganic components on the formation of organic N 
complexes have received little attention. Mn(rv) oxides are 
common in soil’. Furthermore, the effect of Mn(iv) oxides-on 
the oxidative polymerization of hydroquinone is much greater 


» than that of various other inorganic components such as short- 


range ordered Fe(ut), Al and Si oxides", primary minerals? 


~t and clay minerals’? which are commonly present in soil environ- 


ments. We report here that Mn(1v) oxide (birnessite), which 
is common in natural environments, greatly promotes the abiotic 
formation of nitrogenous polymers in hydroquinone-glycine 
systems in the common pH range (4-8) of soils. The findings 
indicate that Mn(1v) oxides merit close attention in the abiotic 
formation of organic N complexes from nitrogenous substances 
and polyphenols and the subsequent turnover of N in soil and 
the associated emvironments. 

Birnessite (SMnO;) was prepared and used in this study, since 
it is one of the most common Mn oxides present in soil!®, 
Glycine, an amino acid, and hydroquinone, a diphenol, of cer- 
tified reagent grade were used, because these compounds and 
their structural units are widely distributed in nature!-3!4 The 
reaction of glycine with hydroquinone was carried out at the 
molar ratio of 5:1 (Table 1). Haider et al? used the same ratio 
to study the reaction of amino acids with diphenols in the 
presence of phenol oxidase enzymes. 

Table 1 shows the concentrations of NH3-N (ammonia-N 
released by deamination) and polymer-N (N incorporated into 
the polymers) formed in the supernatant in the hydroquinone- 
glycine system both in the absence and presence of Mn(rv) 
oxide at different pH values at the end of the reaction period 
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centrifuged at 38,000g¢ for 20 min. The supernatant obtained was used in the determination of NH,-N formed. The supernatant was also dialysed 


Table 1 Formation of NH-N and polymer-N (in p.p.m.) in the hydroquinone~glycine system both in the a 


acetate solution at different pH values {adjusted with dilute acetic 
200 pmol of hydroquinone and 1,000 umol of glycine. The flasks (125 ml) containing the suspensions were placed in an oscillating water bath at 25 














of 24 h. The addition of Mn oxide greatly accelerated 
tion of HN3-N and polymer-N in the hydroquinon 
systems at any given pH (Table 1). The formatic 
and polymer-N in the Mn oxide~hydroquinone~glycine 
were influenced by the pH value of the systems. In| 
PH range of 4.0 to 7.3 and in the absence of MnO. 
concentration of NH3-N was higher than that of polymer- 
the initial pH of 6.0 and 7.3 and in the presence of MnO 
reverse was true. In the presence of MnO,, the concentration 
of polymer-N was substantially higher at the initial pH 
and 7.3 than at pH 4.0, but there was no Significant differe 
in NH-N. OTA 
In this study, 700 parts per million (p.p.m.) of N as glycine 
was added to each system. For example, at the initial pH of 13 


in the Mn oxide-hydroquinone-glycine system, the yields of 
NH;-N and polymer-N were observed to be highest; the con- 
centrations of NH-N and polymer-N were 34.1 and 41.2 p.p.m., 
respectively (Table 1). These data reveal that 4.9 and 5.9% of 
the original glycine-N were transformed to NH;3-N and polymer- 
N, respectively, in only 24 h. e 
According to existing literature, amino acids combine easily 
with quinones™!5 which are produced by the oxidation of 
polyphenols, and the reaction products may polymerize to form 
nitrogenous polymers'~*. During this reaction, part of the amino 
acids which combined with the quinone C=O group may be 
deaminated’*, These mechanisms were proposed in the system | 
involving phenol oxidase enzymes. In the present study, the 
formation of NH3-N and polymer-N in the hydroquinone- 
glycine system was greatly accelerated by the presence of Mn 
oxide (Table 1). The presence of MnO, increased the yields of 
NH3-N and polymer-N from 2.9 to 6.9 times and from 4.2 to 
20.1 times, respectively. The Processes involved are proposed 
as follows: (1) the Mn oxide acts as a Lewis acid by accepting 
electrons from hydroquinone which is thus oxidized and sub- 
sequently polymerized’’. (2) The reaction products of glycine 
with quinones polymerize to form nitrogenous polymers, — 
thereby incorporating glycine into the polymers during the 
oxidative polymerization of hydroquinone. (3) A partial deami- — 
nation of glycine which was combined with quinone C=O occurs _ 
during process (2). Therefore, the data (Table 1) indicate that _ 
MnO, has a similar role to phenol oxidase enzymes’, which _ 
act as electron acceptors in promoting the formation: of 
nitrogenous polymers and the deamination of amino acids in 
diphenol-amino acid systems. | | ae 
The concentration of polymer-N in the Mn oxide-hydro- | 
quinone~glycine system was much higher at the initial PH of | 
6.0 and 7.3 than at pH 4.0, but this trend was not observed in | 
the absence of Mn oxide (Table 1). In the Mn oxide~hydro- 
quinone~glycine systems to which were added the solutions of 
initial pH values of 4.0, 6.0 and 7.3, the final pH values after 
24 h were 4.1, 7.6 and 7.9 (Table 1). The final PH values in the — 
control systems without Mn oxide were 4.1, 6.1 and 6.9, — 


bsence and presence of Mn oxide at different pH values ne 


Initial pH of 7.3 
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Polymer- 


Polymer- Final ; 2 
NH,-N N Sum-N pH NH,-N N Sum-N 
6.0 2.0 8.0 6.9 1.7? iS.) 
30.2 40.1 70,3 79 34.1 41.2 wa 


the dialysed water was colourless. The dialysis tube (~3,500 molecular weight cutoff, from Spectra Medical Industries Inc., Los Angeles) was used. Dialysis eliminated is 


unreacted glycine and hydroquinone, lower molecular weight polymers and acetate. The materials retained in the dialysis tube was used for the d 


‘polymer-N, NH;-N is the ammonia- 
with a molecular weight of 








‘respectively. Therefore, the much higher concentration of poly- 


-mer-N in the Mn oxide-hydroquinone~glycine system in near 
“neutral conditions than in acidic conditions can be attributed 
to: (1) the formation of nitrogenous polymers is promoted by 
the Mn oxide at higher pH conditions, and (2) the formation 
‘of nitrogenous polymers which is driven by the increase of pH 
-as a result of the reduction of Mn oxide and also as a result of 
-the formation of NH;-N through the deamination. The reduction 
of MnO, consumes H* in larger amounts than that released by 
-the oxidation of diphenols, C;H,(OH), (refs 11, 16). 

Shindo and Huang reported that the oxidative polymerization 
-of hydroquinone as influenced by Mn oxide occurred abioti- 
cally''. In the present study, in order to determine whether 
‘microorganisms influence the formation of NH,-N and polymer- 
N, the darkening supernatant obtained from the Mn oxide- 
hydroquinone-glycine system at the initial pH of 6.0 at the end 
‘of 24h was inoculated on agar plates as reported elsewhere’’," 
and incubated at 27 °C. The agar plates did not show any growth 
of microorganisms even after 6 days. Phenolic compounds are 
known to be toxic to microorganisms at concentrations more 
than 100 p.p.m. (ref. 17). The data thus indicate that the forma- 
tion of NH,-N and polymer-N observed in this study occurs 

_abiotically. 

The present results reveal that Mn oxide greatly promotes 
the abiotic formation of NH3-N and polymer-N in the hydro- 
quinone-glycine system in the pH range common in soils, and 
indicate that this promotion deserves close attention, as do 

: subsequent N transformations in soil and the associated environ- 
ments. 
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Imogolite, a hydrous aluminosilicate with paracrystalline cylin- 
‘drical structures’, has been extensively isolated from the B 
horizon of ando soils** and podzols*°. Imogolite imparts 
significant effects on ion exchange properties, acidity, stability 
and biodegradability of organic matter, and physical and 
engineering properties of soils”’°. Its formation and stability 
are therefore of great interest in soil and environmental sciences. 
Imogolite was synthesized from a solution containing hydroxy- 
Al ions and orthosilicic acid at pH < 5 (refs 11-13). The interac- 

- tion of hydroxy-Al ions with orthosilicic acid may be influenced 
- by low molecular weight organic acids which are constantly 
: introduced to soils through natural vegetation and farming. 
- However, relatively few data are available on the impeding 
effect of low molecular weight organic acids on the formation 
of imogolite'* and on the properties of the reaction products. 
We report here that citric acid (molar ratio of citric acid to Al 
-at $0.1) greatly perturbs the interaction of hydroxy-Al ions 
- with orthosilicic acid, and thus hinders the subsequent formation 
- of imogolite, leading to the formation of disordered aluminosili- 
gates and pseudoboehmite in the precipitation products. The 
soluble products formed in the presence of citric acid were 



















characterized by the predominance of proto-imogolite sol and 
_-Al-citrate chelates. 

«In the absence of citric acid, heating the solution containing 
< hydroxy-Al ions and orthosilicic acid to 96-100 °C for 110h 
`- generated a colloidal precipitate (Table 1). The interaction of 
- hydroxy-Al ions with orthosilicic acid caused a marked fall in 
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pH. In the presence of citric acid, all the heated solutions 
similarly decreased in pH. However, the pH shift decreased as 
the citric acid/ Al molar ratio of the parent solution was increased 
(Table 1). 

The precipitation of the solid phase products collected by a 
cellulose nitrate membrane filter (0.01 um pore size) was invari- 
ably hindered by the presence of citric acid. The per cent Si and 
Al removed from the solution decreased markedly with increase 
of the citric acid/Al molar ratio (Table 1). In the absence of 
citric acid, the precipitation product has a SiO,/Al,O,3 molar 
ratio of 0.81. However, this ratio was slightly lower than that 
of the natural imogolite, because of the coexistence of boehmite 
and bayerite with imogolite in the precipitation product, as 


discussed below. The SiO,/ Al,O, molar ratio of the precipita- 
tion products was greatly influenced by the presence of citric ~~ 


acid and also decreased markedly when the citric acid/ Al molar 
ratios of the parent solution was increased from 0.01 to 0.1 
(Table 1). The organic C content of the precipitation products 
increased with increasing the citric acid/Al molar ratio of the 
parent solution (Table 1). These results show that a part of the 
citric acid added in the reaction system is complexed with 
aluminosilicates during their formation at citric acid/ Al molar 
ratios of 0.01-0.05. 

At a citric acid/ Al molar ratio of 0.1, no precipitates were 
collected by the ultrafiltration. The IR spectrum of the soluble 
products obtained by freeze-drying the filtrate at 0.1 citric 
acid/ Al ratio showed absorption maxima at 1,640, 1,445, 1,400, 
973, 565 and 343 cm”! and a shoulder or weak absorption at 


1,200, 1,080, 860, 800, 490 and 430 cm™! (Fig. 1). The IR data _ 
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indicate that proto-imogolite (973, 565, 430 and 343cm™'), , “ 


silica gel (1,200, 1,080, 860, 800 and 490cm™') and citrate ~ 


(1,640, 1,445 and 1,400cm™') are dominant in the soluble 
products. Electron micrographs of the products after freeze 


drying showed the presence of irregular, circular and elliptical | 


plates with diameters of 1-20 pm. However, imogolite threads 
were not identified in the freeze-dried products from the fil- 
trates. The irregular, circular and elliptical silica microplates’* 
may be formed from the polymerization process of silicic acid 
by freeze drying. Therefore, it is obvious that the soluble 
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Fig. 1 IR spectra of the colloidal precipitates and the soluble 
products formed at an initial Si concentration of 1.61072 M, 
Si/Al molar ratio of 0.5, OH/AI molar ratio of 2.0, and citric 
acid/Al molar ratios of 0-0.1. a-e, The precipitates, (f), the 
soluble product. KBr (170 mg) which was dehydrated by heating 
at 125°C was ground with all freeze-dried samples (1.0 mg) and 
the mixtures were pressed to give a 13mm disk. Spectra were 
recorded on a Perkin-Elmer 983 spectrometer. 


products formed in the presence of citric acid are characterized 
by the predominance of proto-imogolite 1224 and soluble Al- 
citrate chelates. Proto-imogolite is considered to consist of small 
fragments of imogolite structure'* with dimensions <100 A. 

The X-ray diffraction pattern of the precipitation products 
formed at citric acid/ A! molar ratios of 0 and 0.01 exhibited a 
sharp peak at 21.6 A and a series of broad peaks at 15.1, 8.7 
and 6.4 A. These d spacings are attributed to the presence of 
imogolite’!*. Small amounts of boehmite and bayerite, which 
gave X-ray diffraction peaks at 6.1 and 4.7 A, were found in 
the precipitation product formed from the solution in the 
absence of citric acid. At citric acid/ Al molar ratios of 0.02-0.05, 
however, the precipitation products were poorly crystalline to 
noncrystalline to X ray. 

Figures 1 and 2 show respectively the IR spectra and electron 


A micrographs of the synthetic products. The IR spectrum of the 


precipitation product formed in the absence of citric acid (Fig. 
1) resembles that obtained from naturally-occurring 
imogolite*** and synthetic imogolite''-™, The absorption 
maxima of the precipitation product resolves at 995 and 


935 cm™', which are mainly due to the Si-O and/or Si(AD-O | 
Stretching vibrations of synthesized aluminosilicates. The IR - 
spectrum of the precipitation product also indicates a distinct 
absorption band at 345 cm™! and its intensity is correlated with 


_ acid/ Al molar ratio were poorly crystalline to X ray (Table 1 
and their absorption bands at 995, 935 and 345 cm™* wer 
Significantly distorted (Fig. 1). Furthermore, the tubular mor 
-phology of imogolite was considerably distorted (Fig. 2b). 








Fig. 2 Transmission electron micrographs of the colloidal pro- 

ducts formed at an initial Si concentration of 1.6 x 10°? M, Si/Al 

molar ratio of 0.5 and OH/ Al molar ratio of 2.0. a, Citric acid/ Al 

molar ratio = 0; b, citric acid/ Al molar ratio = 0.02; c citric acid/ Al 
molar ratio = 0.03. Scale bar, 0.5 um. 


that of an absorption band at 424cm™?. These features are 
characteristic of natural imogolite**"°, The electron micrograph 
of the precipitation product formed from the solution int 
absence of citric acid shows the dominance of imogolite threads, 
which appear to have diameters of 20-300 A (Fig. 2a). The 
high magnification electron micrograph of the precipitation > 
product showed that the imogolite threads consist of finer 
filiform units, which run parallel with a diameter of about 20 Å, < 
and that hollow allophane spherules were not identified in the _ 
precipitate. In the presence of citric acid, the characteristic 
absorption bands of imogolite at 1,000--900 and 345cm iwere —. 
distorted on increasing the citric acid/AI molar ratio of the 
parent solution from 0.01 to 0.05 {Fig. 1). = 
At a citric acid/Al molar ratio of 0.01, imogolite predomi- 
nated in the precipitation products (Table 1). However, the 
Precipitation products formed from the solution at 0.02 citri 





























Table 


SiO0,/Al,03 
- Citric acid/ Al. molar ratio 
molar ratio % Si and Al removed of the 
(parent from solution precipitation 
solution) Pto PHa; Si Al products 

0 4.36 2.96 52.2 64.3 0.81 

0.01 4.36 3.06 35.4 52.0 0.67 

0.02 4.35 3.07 12.5 31.9 0.43 

0.03 4.35 3.11 4.4 17.5 0.27 

0.05 4.36 3.17 0.6 4.4 0.14 


0.1 4,36 3.24 9 0 0 





Orthosilicic acid, which was prepared by passing Na-metasilicate through a H*-saturated Dowex 50W-X8 cation exchange resin column 


1 Influence of citric acid on the interaction of hydroxyl-Al ions with 









orthosilicic acid 
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% Organic Mineral 
carbon content mol of citrate % Imogolite composition 
in the kg! of the content in the of the 
precipitation precipitation precipitation precipitation 
products products products products 
0 0 96 Im, Bm, By, 
2.49 0.35 73 Im, X, Ps 
3.78 0.52 32 (im), X, Ps 
4.62 0.64 0 Ps, X 
8.80 1.22 0 Ps, X 
~ — — NP 
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and citric acid were simultaneously mixed with AIC],-6H,O solution to give the final Si concentration of 1.6 xX 107° M, the Si/Al ratio of 0.5 and 


the citric acid/ Al ratios of 0-0.1. About 900 ml of the solutions were titr 


ated with 0.1 M NaOH with continuous stirring at the rate of ~0.5 ml 


NaOH per min to an OH/AI ratio of +0. The solutions containing citric acid were adjusted with 0.1 M NaOH to the same pH conditions as the 
solution without citric acid to avoid acidity effects. After dilution to 1,000 ml, about 900 ml of the solution was heated at 96-100 °C for 110 h. 
The precipitation products were collected through ultrafiltration using a cellulose nitrate membrane filter of 0.01 wm pore size. The total Al and 
Si in the parent solution and the filtrate were determined2°2’. The per cent Si and Al removed from solution were respectively determined by 
taking the difference between the Si and Al concentrations in the parent solution and those in the filtrate. pHo pH of parent solution after 


addition of NaOH; pH,,), pH of suspension after 110h heating at 96-1 
using the CHN analyser. Imogolite content. in the precipitation products 


IR spectra’®. I 


00°C. Carbon content in the precipitation products was determined by 
ar was determined on the basis of the absorbance at near 345 cm™ in the 
mogolite separated from the Kitakami pumice bed was used as standard2*2°. Bm, boehmite; By, bayerite; Im, imogolite, (Im), 


poorly ordered imogolite; Ps, pseudoboehmite; X, unknown disordered aluminosilicates; NP, precipitate (>0.01 pm) not detectable. 


-At citric acid/ Al molar ratios of 0.03 and 0.05, the precipita- 

‘tion products ranged from poorly crystalline to noncrystalline 
to X ray (Table 1) and their IR spectra showed no characteristic 
absorption bands of imogolite (Fig. 1). Instead, the IR spectra 
of the precipitation products showed the strong absorption 
maxima at 1,070, 750-480 and 365cm™’ and a shoulder at 
1,165 cm™! (Fig. 1) which are characteristic of boehmite'®"”. 
Opaline silica also has a strong absorption at 1,070-1,090 cm™', 
with a shoulder at about 1,200 cm™* and a weak absorption at 
about 800 cm7! (refs 18, 19). However, laminar particles with 
unique shapes such as circular, elliptical and rhombic forms of 
opaline silica which are often separated from the A, horizon of 
young Ando soils'*"” were not identified in the precipitation 
products. The morphology of the precipitation products was 
characterized by irregularly shaped particles, their high electron 
density aggregates, and cloud-like amorphous materials (Fig. 
2c), and was distinctly different from that of boehmite'*?°. The 
SiO./Al,O; molar ratio of the precipitation products was not- 
ably lower than those of imogolite and opaline silica (Table 1). 
Therefore, the absorption bands at 1,070 and 1,165 cm’ (Fig. 
1) are attributed to pseudoboehmite*?”’. 

“The absorption bands at 1,640 and 1,400 om! (Fig. 1) are 
due to the COO” bending vibrations of citrate??. The former 
band is also due to the HOH bending vibration of adsorbed 
water. The intensity of the absorption bands at 1,640 and 
1,400 cm! increased with increase in the citric acid/ Al molar 
ratio of the parent solution. Citric acid added to the synthetic 
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system was largely converted from un-ionized COOH groups * + 


to the ionic carboxylate form, as indicated by the appearance 
of strong absorption bands at 1,640 and 1,400 cm ' (Fig. 1) 
but not at 1,725 cm”! (C=0 of COOH) and 1,200 cm™' (C--O 
stretch for OH-deformation of COOH) (ref. 23). The weak 
absorption band at 1,280 cm‘ is probably due to the un-ionized 
COOH groups of citrate complexed with aluminosilicates during 
precipitation. The IR spectra indicate that citric acid reacts with 
hydroxy-aluminosilicates and/or hydroxy-Al ions to form 
COO” ions. Table 1 shows the imogolite content of the precipita- 
tion products. The imogolite content in the products decreased 
markedly with increase in the citric acid/ Al molar ratio and 
imogolite formation was completely disrupted at citric acid/ Al 
molar ratios of 0.03-0.1. 

Our data reveal that citric acid, which is present in terrestrial 
and aquatic environments, greatly perturbs the interaction of 
hydroxy-Al ions with orthosilicic acid and thus impedes the 
subsequent formation of imogolite. The present results thus 


indicate that low molecular weight organic ligands merit close 2 


attention as a means of understanding the formation of imogolite ~ 
in soils and sediments. ” 
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In 1917 Wolfgang Köhler reported some rather extraordinary 
instances of problem solving by a number of chimpanzees’, and 
his observations have been the subject of controversy ever 
since”*. The period of quiescence that sometimes preceded the 
solution, its sudden onset, and its smooth, continuous emergence 
were proffered as evidence that (1) contrary to suggestions of 
learning theorists of the day, problem solving was not necessarily 
a trial-and-error process, and (2) constructs such as ‘insight’ 
were necessary for an adequate account’*~, Here, in an attempt 
to shed further light on these issues, we have replicated with 
pigeons a classic problem with that Köhler confronted his chim- 
panzees. Pigeons that had acquired relevant skills solved the 
problem in a remarkably chimpanzee-like (and, perforce, 
human-like) fashion. The possible contributions of different 


` experiences were determined by varying the training histories 
{ of different birds. We offer a tentative moment-to-moment 
© account of a successful performance. 


Kohler placed a banana out of reach in one corner of a room 
and a small wooden crate about 2.5 m from the position on the 
floor beneath it. After a number of fruitless attempts by all six 
chimpanzees in the room to jump for the banana, one of them 
paced for several minutes, then suddenly moved the box half a 
metre from the position of the banana “and Springing upwards 
with all his force, tore down the banana”. Both research’ and 
theory” suggest that chimpanzees will not solve problems of this 
sort if they have not first had certain experiences. We speculated 
that two behaviours had to have been acquired: pushing objects 
towards targets and climbing on objects to reach other objects. 
Since a pigeon normally does neither, it seemed an ideal candi- 
date to test the contribution that previous learning might make 
to success in this problem. 

Eleven adult male pigeons served as subjects. Each was main- 
tained at about 80% of the weight it would achieve given free 
access to food. Most had had a variety of laboratory experience, 


3. but none had ever been used in a problem solving experiment, 


Birds 269WP and 270WP were racing Homers; the others were 
white Carneaux. All sessions were conducted in a cylindrical 
wire-mesh chamber 69 cm in diameter, except those of birds 
110YP, 233WP and 274WP, which were conducted in smaller 
rectangular chambers. A cardboard box, 8 em high and with a 
base 10 cm’, was used in some conditions, as was a small facsimile 
of a banana, 7cm in length. A standard grain dispenser was 
attached to the base of each chamber as shown in Fig. 1. 
The following history yielded successful performances with 
all of the birds we tested: (1) A repertoire of ‘directional pushing’ 
was established. Each bird was trained to push the box towards 
a green spot, 4cm in diameter, which was placed at random 
positions along the base of the chamber wall(s). Pushing was 
_ extinguished in the absence of the green spot. Major training 
' „Steps included reinforcing aimless pushes; reinforcing pecks to 
the spot; reinforcing sighting the spot and pushing the box 
towards it, with the movement of the box constrained by a thin 
wire; reinforcing sight-and-push behaviour with the wire 
removed and the box close to the spot, and gradually increasing 
the distance between the box and the spot”. Proficient perform- 
ances were established in 8, 1 and 4 weeks, respectively, for the 


* Present address: Cambridge Center for Behavioral Studies, 11 Ware Street. Cambridge, 
Massachusetts 02138, USA, l 
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Fig. i Birds that had been trained to climb and peck but never _ 
to push did not push the box in the test situation ta): Birds that _ 
had been trained (i) to climb and peck and (ii) to push the box - 
aimlessly for long periods of time pushed the box over much of Oe 
the floor space of the chamber. The birds rarely looked up while S 
pushing. One of the birds stopped pushing in the appropriate place 
and climbed and pecked the banana after having pushed for more 
than 14 min (b). Birds that had been trained (i) to climb and peck poe 
and (ii) to push the box towards a green spot placed at fandom 
positions along the base of the chamber solved the problem — 
efficiently and in a manner suggestive of human problem-solving — 
behaviour (c). Other controls are described in the text. The times. - 
given are in minutes and seconds. A boxed. time is the time to 
solution. PORE Ek ad 


subjects whose performances are shown in Fig. 1c. The banana 
was never present during this training. (2) Concurrently, each | 
bird was trained to climb onto the box and peck the banana, _ 
which was suspended overhead. The box was fixed in place — 
during this condition, and pecking it was never reinforced, The 
position of box and banana was changed repeatedly. In the — 
presence of box and banana, the bird would reliably climb onto _ 
the box and peck the banana. In the absence of the banana and _ 
in the presence of the spot, the bird would push the box towards 
the spot. (3) Each bird was occasionally placed alone with the _ 
banana until the bird neither flew nor jumped towards it. =o 
The following test situation was arranged. The banana was _ 
suspended out of reach (41 cm from the floor) at a point (deter _ 







the box was placed elsewhere in the chamber. All test sessions 
for these and all other subjects were filmed or videotaped, 
The performances for the first three subjects were remarkably 
similar. At first each pigeon appeared to be ‘confused’; it — 
stretched and turned beneath the banana, looked back and forth ` 
from banana to box, and so on. Then each subject began rather ; 
suddenly to push the box in what was clearly the direction of _ 
the banana (Fig. 1c). Each subject sighted the banana as it z 
pushed and readjusted the box as necessary to move it towards __ 
the banana. Each subject Stopped pushing in the appropriate oe 
place, climbed and pecked the banana. | aa 
A fourth bird (233WP) solved the problem after 24 min. The = 


performance was disrupted by 1,000 W of lighting which had 


been added to facilitate filming. When, after 20 min, the li shting 
was reduced, the bird solved the problem in just under 4min. oe 





‘pigeons. Two birds (294WP and 273WP) were trained to peck 
‘the banana but not to climb. Jumping and flying were extin- 
guished, and the birds were placed alone with the box until they 
-showed no signs of discomfort in its presence. Then the banana 
“was suspended out of reach above it. Each bird stretched 
“repeatedly towards the banana at first. Sub ject 273 WP stumbled 
‘onto the box and then fell off. After the first few minutes of 
each session, attempts to reach the banana ceased. We termin- 
-ated each session after 10 min. We concluded that the establish- 
“ment of climbing was probably critical to the solution. 
_ Two birds (270WP and ALOWP) were trained to climb and 
‘peck but not to push. Jumping and flying were extinguished. 
“Neither bird pushed the box when given the test (Fig. 1a). Two 
birds (409WP and 282WP) were trained to climb and peck and 
to push the box around the chamber for long periods of time. 
They were never trained to push towards a target, nor to push 
in straight lines. Jumping and flying were extinguished. The 
birds pushed apparently aimlessly when given the test (Fig. 1b). 
We concluded that a repertoire of directional pushing was prob- 
ably critical to an efficient solution. 

With one bird (110YP) we established directional pushing 
and climbing-and-pecking but did not extinguish brute force 
attempts to reach the banana. Like Kohler’s chimpanzee, the 
bird jumped and flew repeatedly towards the banana for several 
minutes, then pushed the box towards the banana, climbed and 

_ pecked. The solution appeared after about 7 min. 

Based on these and other experiments, a tentative, moment- 
to-moment account of a successful performance can be given. 
At first stimuli were present which controlled both behaviour 
with respect to the banana and behaviour with respect to the 
box. The behaviour we interpreted as a sign of perplexity was 
probably the result of competition between these behaviours. 
Behaviour with respect to the banana quickly disappeared, 

-probably because of the recent history of extinction of jumping 
and flying when the banana was out of reach (compare the 
performance of bird 110 YP). The birds may have begun to push 
because, as behaviour with respect to the box increased in 
relative frequency, the birds faced the box more directly, which 
was very nearly the stimulus in the presence of which pushing 
had been reinforced (the green spot was absent). Why the 
animals pushed towards the banana is unclear and still under 
investigation. A process similar to what some call ‘functional 
generalization’? (as opposed to generalization based solely on 
common physical characteristics) seems to be involved. Birds 
that were trained to push towards the spot but not to peck the 
banana did not push towards the banana in the test situation 
but did push towards the banana when subsequently trained to 
peck it. In other words, the birds pushed towards the banana 

apparently for the ‘right reasons’—because they had learned 
= directional pushing and because some history of reinforcement 
had made the banana ‘important’. Directional performances 
may also have been produced by a summation of prevailing 
responses: banana-directed pecks may have strengthened 
banana-directed pushes (N. E. Miller, personal communication). 

- The birds stopped pushing in the right place because of a 

- phenomenon called ‘automatic chaining’: in the course of push- 

ing towards the banana, they set up for themselves a stimulus 

-. (box:under-banana) that controlled other behaviour (climbing 

and pecking). 

We appear to have in hand an instance of ‘insightful’ problem 

solving. The suddenness, directness and continuousness of the 
= performances satisfy Köhler’s criteria for ‘genuine’ or ‘insightful’ 
© solutions™™, and people viewing the tapes have liberally 
attributed a wide range of human emotions and thoughts to the 
pigeons. A surprisingly common comment was, “Did the pigeon 
really: do that?” We may also have in hand an account of similar 

-= performances in chimpanzees and children, for the experiences 

we provided are ones that they have probably had before 


they are successful in similar situations, and the behavioural 




































processes we have invoked are fairly general in the animal 
ingdom’’. 


O oS Wwe 


We conducted four variations on this training with other | 





We emphasize that we did not train the birds to push the box 
towards the banana; that, except during very early stages of 
training, behaviour with respect to the box was never reinforced 
in the absence of the green spot and that such behaviour was 
deliberately extinguished; that pushing the box was never rein- 
forced in the presence of the banana and that such behaviour 
was deliberately extinguished; and that the spot was absent 
during the test. The successful performances must consequently 
be regarded as genuinely novel. 

The work was supported in part by a NSF grant to Harvard 
University and a NIH grant to the Foundation for Research on 
the Nervous System. We thank J. Cerella, J. E. Mazur and B. i 
Skinner for suggestions and E. Stoddard for assistance. The data 
reported here are based on an analysis of videotapes and films 
by an independent observer. Some preliminary results were 
reported elsewhere’? before the tapes and films had been 
examined. 
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The courtship song in Drosophila melanogaster has two com- 


ponents, a low-frequency hum and a train of pulses with a 
species-specific interpulse interval (IPI) of 30-40 ms™?. The 
IPIs oscillate rhythmically, with periods between 50 and 60s 
in wild-type males*. When females are stimulated with artificial 
songs in the presence of courting but silent (wingless) males, 
the ‘pulse song’ and its oscillation can enhance mating success’. 
If separated males and females are first simultaneously primed 
with invariant 34-ms IPIs, their subsequent mating success is 
improved’. However, exclusive prestimulation of females leads 
to faster mating only when the hum component of the song is 
applied, not constant 34-ms IPIs*. We have re-examined these 
findings by testing whether prior exposure of females to a 
rhythmic pulse song speeds up subsequent mating performance. 
We report here that it does. Furthermore, learning and memory 


mutations’, expressed in the females to whom songs are being | 





played, either ‘block’ or attenuate the effectiveness of acoustical _ i 


priming. 

We used an electronic song simulator to prime virgin ‘Canton- 
S’ females with 2 min of artificial song”. Three types of pulse 
song were presented, one which consisted of an invariant 35-ms 
IPI, and two rhythmic songs which oscillated about this 35-ms 
value but were programmed with either a 35- or 55-s period. 
These two rhythms are characteristic of Drosophila simulans 
and Drosophila melanogaster songs respectively’. In other tests 
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Fig. 1 Mating speed of wild-type (Canton-S) females prestimu- 
lated with artificial courtship songs. Twenty-five virgin 4—5-day-old 
females were placed ina 5X 5x 1em chamber 7 cm above a loud- 
speaker and given 3 min to accustom themselves to their new 
environment. Two minutes of song were played to the females at 
an intensity level of 97 dB, in an intermittent pattern of 2 s song/3 s 
silence (see ref. 5). At the end of the 2-min prestimulation, an 
identical container containing 25 similarly aged Canton-S males 
was placed above the females’ chamber, and the partitions between 
the two removed, allowing the males and females to mix. The 
cumulative number of flies mating at 1 min intervals was recorded; 
15 replications of each type of prestimulation were performed; 
experiments were carried out at 25°C. @, 55-s rhythmic pulse 
song (mean IPI = 35 ms, amplitude = + and —10%); +, 35-5 
rhythmic pulse song (mean IPI = 35 ms, amplituide= + and 
~10% ); W, invariant 35-ms IPL O, hum song (160 Hz); O, silence; 
©, white noise (90 dB). 


the females were prestimulated with hum song, white noise or 
were left in silence. After 2 min of prestimulation, 25 Canton-S 
males were added to the females, and the number of flies mating 
was recorded at l-min intervals. Analysis of variance with 
respect to the cumulative number of pairs mated after 3 min 
revealed a highly significant difference between the effects of 
the various preconditions (F = 3.94, P<0.01). Figure 1 illus- 
trates the results. All treatments, including silence, led to sig- 
nificantly more matings than white noise (P <0.05, Newman- 
Keuls procedure’); we therefore used the response of females 
previously left in silence as our control. We found that prior 
exposure to the 55-s rhythmic oscillation was the only pretreat- 
ment which led to significantly faster mating than this control 


-(P<0.05). Later on, at 6, 9 and 12 min after introduction of 


the males, the effectiveness of the hum song equalled that of 
the rhythmic pulse song. | 

Females therefore appear to ‘store’ rhythmic 55-s pulse songs, 
in that their receptivity to subsequent mating attempts is 
enhanced. The relative ineffectiveness of a 35-8 ‘simulans-type’ 
rhythm may indicate a species specificity in this priming effect 
(see ref. 6). Hum song c in also effectively prestimulate females, 
confirming Schilcher’s fesults3. T 

Several X-linked mutations in D. melanogaster disrupt the 
fly’s ability to associate a chemical odorant with electric shock®. 
Two mutants, dunce (dnc) and rutabaga (rut), forget so rapidly 
in most tests of associative conditioning that no training effects 
can be revealed'*"'*. Another mutant, amnesiac (amn), associ- 
ates specific odours with the aversive stimulus, but retains the 
effects of training for a much shorter time than the wild typet, 








‘We tested mutant and normal females for acoustic priming using 


three pretreatments—55-s rhythmic pulse song, hum song and 
silence. We also extended the experiment to obtain decay curves 
for the after-effects by introducing the males to the females 
either immediately (time 0) or with delays of 1, 3 or 5 min after 
the end of the song stimulus. 


_ Figure 2 reveals that females from a Princeton. subline of | 
Canton-S have the usual enhanced receptivity after prestimula- 
tion by rhythmic pulse song or by the hums, when males are. 
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ra wild-type Cante 

line and mutant dunce! or amnesiac females, prestimulz 
55-s rhythmic pulse song (squares) or hum song (circle compared — 
with silence control. The mutant stocks had been made nearly — 
isogenic with this Canton-S subline and all Strains were obtained _ 
from Dr W. Quinn, Princeton University. In these and all su o 
sequent experiments, songs were played to the females at a reduce. L 
level of 90 dB. Males were presented to the females immediately _ 
after the 2-min prestimulation (time 0) or after delays of 1, 3 or — 
5min. The cumulative number of matings was recorded every _ 
minute until the Sth minute (no matings can be missed as the _ 
duration of copulation is ~20 min jn this species). Analysis of — 
variance was performed on the numbers mating after 5 min. Several _ 
sets of experiments with three matched trials per set (silence, 2 
pulses, hums) were run for each female genotype. The number — 
mating at the 5th minute of the appropriate silence control condi- 
tion (N.) was then subtracted from the number mating in each of 
the two corresponding experimental trials (N.). These values (No- 
N.) were then plotted as means ¢s.e.m. for the 15-20 sets of trials 
that were run for each delay condition (that is, at times GEI 
and 5 min). 3 ; os 


Fig. 2 Mating speed decay curves fo 




















added immediately (time 0) or after a 1-min delay (P<0.05, 
except for hum song at 1 min which just fails to reach signifi- 
cance). These enhancing after-effects decay when a 3-min delay 
is imposed, but are absent after a 5-min lag. In contrast, females 
homozygous for dnc’ and dne? do not mate faster after pre- 
stimulation (Figs 2, 3). Thus, two independently isolated dne 
mutations. give the same. behavioural defect, suggesting that 
these results are due to. genetic changes at this locus, not to 
differences in genetic background, Figure 3 also reveals that a 
further group of females (FM7(dnc*)/+) were strongly primed 
when males were added immediately after the song stimulus 
(P<0.01) or after a delay of 1 min (P<0.05). However, co- 
isogenic heterozygous dnc?/+ females give a significant pre- 












stimulation effect for both songs only at time 0 (P<0.01). The 
effects with dnc*/+ females are similar to those induced witt 
the amn memory mutation. Amn/amn females also reveal 
priming effect (P> 0.05) but only when males were presente 
immediately (time 0) after the song stimuli (Fig. 2 yes SB 
In tests involving the rutabaga gene, homozygous: (rut, 
and hemizygous (Df/rut) females exhibit the same behar 
phenotype as dnc females, with no. after-effects 
4). The results from. the tests of hemizygous yf 
strongly suggest that this impairment ‘maps to the rut loc 
Heterozygosity for this mutation (FM 7/rut) or for a deletic 
of the gene (FM7/Df) gives Significantly enhanced mating — 
speeds (P < 0.05 in both cases), but only when males were mixed a 
with these females immediately after prestimulation (Fig. 4). 
Therefore, like the dnc*/+ or amn/amn genotypes (Figs 2, 3), 
the rut mutation or deletion behaves as a ‘memory’ variant — 
when either is heterozygous with the normal allele. These resul 
with rut and dnc? heterozygotes are strikingly similar to tł 
effects observed with these flies in associative learning. = 
Our results (Figs 2-4) imply that the original stimulus need 
to be reinforced by the tester males’ courtship fairly soon aft 
the female first hears the artificial courtship sounds. That 
even though enhanced mating speeds can be detected up to 
least 12 min post-treatment (Fig. 1), the after-effects. will 
observed only if the prestimulated female is courted i 
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Fig. 3 Mating speed decay curves for FM7/+ (normal), 
-<+ dunce?/+ or homozygous dunce’ females, after prestimulation 
-+ with pulses and hums. We partly isogenized the genetic background 
of dunce? (refs 11, 21) with the Princeton subline of Canton-S, 
“by crossing both normal and mutant strains to flies carrying the 
multiple inverted X-chromosomal ‘balancer’ FM7, and performing 
backcrosses for several generations. By crossing FM7/ dunce 
females to males of the Princeton Canton-S wild-type subline, we 
obtained both the FM7/+ and dunce*/+ females. See legends to 
Figs 1 and 2 for additional explanation of the experiments and 
data presentation. 


1-3 min of the prior song exposure. This is the critical variable, 
not merely the total amount of time elapsed between the end 
of the prestimulation and the moment of data collection (com- 
pare legends to Figs 2 and 3). This effect appears similar to the 
psychological phenomenon of ‘savings’. 

We considered whether artefacts could explain our results. 
First, we asked if dnc, rut and amn females suffered varying 
degrees of deafness, thus rendering our attempts to prestimulate 
them ineffective. We took advantage of Schilcher’s observation 
that on hearing pulse songs, males court each other vigorously’. 
We observed that groups of dnc’, rut, amn and wild-type males 

-showed a seven- to nine-fold increase in courtship interactions 
when stimulated with artificial pulse song, whereas genetically 
deafened males (simultaneously expressing the aristaless and 

` thread mutations?!) showed no such increase in ‘homosexual’ 
courtship. Consequently, males carrying the learning and 
memory mutations are not deaf, and it seems unlikely that the 
corresponding mutant females would be impaired in this 
manner. 
` Second, inspection of our data for the number of matings per 
minute rules out the possibility that prestimulated dnc’, dne? 
or rut females were mating faster during the early stages of the 

: observation period. ‘Ceiling effects’ were also absent, in that 

none of the mutant females was so highly receptive that pre- 

-stimulation was unlikely to lead to further enhancements in 

` mating speed. 

-C Third, we also examined whether these learning and memory 

_. mutations affected the male Drosophila’s courtship song. If this 

< was the case and genetic coupling was operating between the 
female reception and the male transmission of the song, as in 

cets'*!©, the mutant females would not respond to artificial 
igs bearing the wild-type characteristics. We therefore recor- 
dand analysed the songs of dnc, amn and rut males. All three 

-mutant types produced normal pulses and hums. More specifi- 

cally, both the overall values of IPI and the IPI rhythm were 
sl] well within the normal wild-type range (for example, the 


-periods for dnc’ songs were 54.2 + 2.8 s, n = 5; for amn, 55.5 + 





































2.58, n=4; and for rut, 56.9423 s, n=4). 

~ We therefore suggest that females expressing conditioning 

_ mutations are defective in their ability to be primed by the 
courtship song because such priming involves mechanisms of 

rage and retrieval. These mutants also perform 


relatively poorly. it 








other learning tasks, such as associative 
isual learning”, courtship conditioning 
urs'®!? and a form. of sensitization 
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Fig. 4 Mating speed decay curves for prestimulated rutabaga 
females and for similarly treated females carrying various combina- 
tions of rut, FM7 (an X-chromosomal balancer), or an X chromo- 
some deleted of the rut locus (called Df(1)KAY, lacking the X 
chromosome segment 12E1-13A5 which uncovers rur)**. Other 
pertinent details are given in the legends to Figs 2 and a, 
involving sugar stimuli’’. The latter is of particular relevance 
here, because the acoustic priming of females is similar to a 
sensitization procedure. The enhanced receptivity of such 
females can be considered as an increase in responsiveness 
following the ‘strong’ stimulation by the artificial courtship 
songs. 

If we have uncovered an example of acoustic sensitization, it 
is of further interest that both dnc and rut mutations affect 
cyclic AMP metabolism*’~**. This small molecule is an important 
‘signalling’ component in the control of sensitization of the 


gill-withdrawal reflex in Aplysia (reviewed in ref. 25). Modula- 
tion of cyclic AMP levels also appears to be involved in certain 


types of circadian rhythms*®**. The dnc or rut mutations in 


Drosophila, however, do not noticeably influence the short-term 
rhythm in courtship song. 

Biometrical analysis of different Drosophila strains measured 
for their learning ability in tests using odours and electric shocks 
has indicated a strong relationship between this conditioning 
phenotype and evolutionary fitness’’. Variations in sexual 
behaviour are, of course, also related to fitness. Our demonstra- 
tion (together with other work’* °°) that conditioning muta- 
tions disrupt the normal storage and retrieval of information 
during sexual interactions, suggests at least one reason that 
natural selection might favour behavioural plasticity in 
Drosophila (also see ref. 13). We have also reinforced the view 
that these mutations affect a central process in the nervous 
system which regulates associative and non-associative con- 
ditioning. An eventual understanding of the cellular defects 


induced by conditioning mutations, including the role of cyclic zy 
AMP and other molecules**, may illuminate the brain mechan- — 


isms mediating reproductive behaviour in these insects. 
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Glucose is the principal energy 


substrate for the brain and 


studies have shown that the brain is able to increase glucose 
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Hypothalamic DHPG/NA 


e availability in the face of glucose starvation (neurogly- 


copaenia) ~. The mechanisms, believed to be hypothalamic’, 
that may be involved in a brain/blood glucose control system 


have not yet been identifie 


- We have used novel techniques 


for assessing brain monoamine neuronal activity to investigate 
its relationship to blood glucose concentrations in the rat. We 


describe here two important 


relationships which emerge from 


these studies. One is that activation of hypothalamic noradrena- 


line (NA) activity following s 


tress is associated with concurrent 
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Fig. 1 a, The relationship between the medial basal hypothalamic 
DHPG/NA ratio and plasma glucose in 200 g male Wistar rats 
30min after the induction of neuroglycopaenia by 2-DG | 
administration (164-500 mg 


per kg ip.). b, The relationship _ 


increases in plasma glucose concentrations. This relationship is 
linear and independent of the adrenal or pituitary glands. The 


second is an inverse relationship 
centration and hypothalamic NA 


glucose levels Significantly inhibited the 


between plasma glucose con- 
neuronal activity—high blood 
hypothalamic NA 


activity responses to Stress, œ -adrenergic blockade and 


adrenalectomy. Thus glucose (or a metabolite of it) seems to 
provide a negative feedback signal sensed by hypothalamic NA 


neuronal systems which, in turn, 


appear to stimulate liver 


# glucose output by a neural mechanism, 
Techniques such as computerized gas chromatography/mass 
spectrometry enable the neuronal activities of the major brain 


monoamine neurotransmitters do 


pamine (DA), NA and 


serotonin (5-hydroxytryptamine, 
ratio of the concentration of the 
the monamine to the concentrat 


5-HT) to be assessed from the 
major neuronal metabolite of 
ion of the monoamine itself*. 


With concurrent measurement of pituitary hormonal status, this 


technique 
control of 


has allowed the elucidation of the neuroendocrine 
growth hormone’, thyroid stimulating hormone® and 


adrenocorticotrophic hormone (ACTH) release* in the rat. In 
investigating the central control of ACTH and corticosterone 
release following stress in the rat, we demonstrated a highly 


significant 


and apparently causal relationship between the 


hypothalamic ratio of the intraneuronal NA metabolite 3,4- 


-à dihydroxyphenylethyiene glycol (DHPG) to NA (DHPG/NA 
“4° ratio) and ACTH and corticosterone levels*. Because of the 


role of glucocorticoids and possibly also B-endorphin’ (which 


is released 


liver glucose output and their possible 
- phenomenon of stress—hyperglycaemia, 
relationship between hypothalamic NA d 
-glucose in stressed rats and in rats treated with the a-adrenergic 
blocker yohimbine, which is a potent stimulus for NA neuronal ~ 


< activity*®? and ACTH release’, 


from the pituitary together with ACTH) in promoting 
contribution to the 
we examined the 
activity and blood 


_tomized and hypophysectomized rats, hypothalamic NA actis 
-and plasma glucose were markedly stimulated (all P< 0.00 
and, similar to the 


between the medial basal hypothalamic DHPG/NA ratio and 
plasma glucose in 200g male Wistar rats in different states of 
glycaemia ranging from hyperglycaemia. (plasma glucose 
>9 mmol I”', induced by chronic dexamethasone treatment (66 ùg 
per 24h) in drinking water for 1 day) to hypoglycaemia induced __ 
by bilateral adrenalectomy without or with additional treatment — ee 
with insulin (2 U per kg, 30 min before sampling in animals with ae 

plasma glucose <5 mmol I~"), : BRA 


Plasma glucose concentrations in rats subjected to physiologi- 
cal or chemical stress or yohimbine treatment rose significantly, 
together with the levels of medial basal hypothalamic NA 
neuronal activity (assessed from the ratio DHPG/ NA), serum 


ACTH and corticosterone (see Table 1). We also found that : 








glucose. Stepwise multiple linear regression analysis in 
that the relationship between hypothalamic N, 


central nervous system, by bl 

glucose, and to result in hepatic g 

outflow of glucose from the liver’. E 
Thirty minutes after 2-DG administration to intact, adrenalex 


stress experiments, there was a highly 


_ Table 1 The stimulatory effects of various stresses and the a-antagonist, yohimbine, on me 





concentrations of ACTH, corticosterone an 
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glucose in 220 













g male Wistar rats aai 


Serum. - 

Hypothalamic Serum ACTH corticosterone Plasma glucose 
Stress DHPG/NA (pg m`’) (nmol 1!) (mmol 17") 
- Controls 0.09 + 0.004 — 184439 6.1201 
^ o Exercise” 0.22 +0.01 = 1,343 +100 | 7.10.4 
~ Controls 0.102 +0.004 84+13 230+60 7440.14 
=. (Coldt 0.21+0.01 230+ 60 1,270+ 120 -40.0+0.2 
-7 Controls 0.09 + 0.006 96414 112432 63+0.2 
= Ethert 0.14 +0.01 3824 48 1,014+87 8940.3 
-Controls 0.10 + 0.005 155+ 46 259479 6.4+0.1 
. Morphine withdrawal§ 0.31 40.003 350+ 32 1,250 +57 12.941.2 
_ Controls 0.10 +0.005 - 90+8 490+ 120 7.3401 
Yohimbine|| 0.20 +0.02 380 + 23 1,000 + 97 8.0+£0.1 


Values are mean +s.e.m. There were at least six rats per group. All differences from control values were highly significant (P< 0.01) except for 
the case of glucose level after exercise which was significantly different from the control level {P < 0.025). 


* Rats killed 20 min after 10 min of running on a treadmill at 19m min`. 


H 














+ Rats killed 20 min after 2 min in ice-water bath. 
+ Rats killed 15 min after 1 min exposure to ether vapour. 


§ Morphine-dependent rats killed 30 min after administration of naloxone (1 mg per kg intraperitoneal, i.p.). 
| Rats killed 30 min after administration of the a,-antagonist, yohimbine HCI (8 mg per kg i.p.). 


. significant positive correlation between hypothalamic DHPG/ 
NA and glucose. The relationship for the intact control rats is 
illustrated in Fig. la and the data for adrenalectomized and 
hypophysectomized rats, where only one dose of 2-DG was 
given, are shown in Table 2. These data strongly support the 
concept of direct neural stimulation of liver glucose output as 
proposed by Shimazu’®. The glucose response to increased 
hypothalamic NA activity observed in this investigation cannot 
be primarily mediated by either adrenal catecholamines or 
glucocorticoids, nor by pituitary hormones. Pancreatic glucagon 
release could be a factor contributing to the release of glucose 
seen in these studies, but we found that administration of 
glucagon to our animals in pharmacological doses failed to 
increase plasma glucose to the levels achieved after 2~DG treat- 
ment; for example, see the data for adrenalectomized rats given 
in Table 2. 

From the above data we hypothesized that the increased 
hypothalamic NA neuronal activity associated with stress or 
neuroglycopaenia ultimately makes more glucose available for 
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Table 2 Effects of glucose, 2-DG and glucagon administration to 
adrenalectomized and of 2-DG administration to hypophysectomized 


brain function, therefore we would expect any change in brain 
glucose availability or metabolism to affect hypothalamic NA 
activity. We tested the glucose feedback aspects of this 


hypothesis in two ways. First, in animals in different states of 


glycaemia ranging from hyperglycaemia (induced by chronic a 
low-dose dexamethasone administration) to hypoglycaemia 
(induced by adrenalectomy without or with insulin treatment) 
we observed a highly significant inverse relationship between 
hypothalamic NA activity and plasma glucose(see Fig. 15). 
Second, we examined whether high glucose levels might attenu- 
ate the hypothalamic NA responses to stress, a)-adrenergic 
blockade and adrenalectomy. This indeed was the case and, as 
illustrated in Fig. 2, dextrose administration significantly 
reduced the elevated NA activity in adrenalectomized rats and 
also in intact rats subjected to cold-swim stress. Similarly, high 
endogenous glucose levels in streptozotocin-induced diabetic 
rats were associated with significantly lower hypothalamic NA 
activity responses to yohimbine administration, also shown in 
Fig. 2. 


mene’ 
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Saline Dextrose Strepto 


eo £ s 
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Sal Dextrose 


male Wistar rats on the hypothalamic DHPG/NA ratio and plasma S 
glucose concentrations g on 
San as tac taal ence acids as ee ea a aa 
Š 
Hypothalamic Plasma glucose £ 
| Group DHPG/NA (mmol 17?) 
_ ADRX control 0.177 40.009 7.10.2 2 
_ ADRX + dextrose 0.152 +0.008* 7.9+0,2* as 
ADRX+2-DG 0,290.03 11.1+0.8 
X + glucagon ~ 0.157+0.005* 9.8+0.3+ 
JX control 0.151 +0.009 6.4+0.3 
17.9+1.07 


0.294 + 0.02f 





(83103) (223117) (80201) (25¢11) (71402) (79402) 
Fig. 2 The effect of elevated glucose levels (shown in paren- 
theses) on the increase in hypothalamic DHPG/NA (expressed as 
% of control value): a, 15 min after cold-swim stress (0 °C, 2 min) 
in intact rats treated 20 min before killing with saline (1 ml ip.) 
or dextrose 1 ml of 50% solution i.p.); 6, 30 min after yohimbine 
treatment (8 mg per kg i.p.) in control and streptozotocin-induced 
diabetic rats; and c, in adrenalectomized rats 20min after. 
administration of saline (1 ml i.p.) or dextrose (1 mi of 10%- 
solution i.p.). Means +s.e.m. are shown. There were six animals 
per group (except for the adrenalectomy/saline group where n = 
10). be & 
* P<0.01 compared with control. 
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The data presented here reveal significant interrelationships 
between hypothalamic NA neuronal activity and plasma glucose 
levels and we suggest that this may be the mechanism whereby 
the brain regulates its energy supply. We conclude that the brain 


glucose control system is mediated via central NA neuronal 


activity, which is stimulated by neuroglycopaenia and suppressed 


j by glucose excess. _ 
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Blastemal cells arise after the amputation of limbs or tails in 
urodele amphibians. These histologically undifferentiated 
mesenchymal cells divide and subsequently differentiate to 
regenerate a new appendage. Various studies (reviewed in ref, 
1) indicate that blastemal cells arise from tissues near the site 
of amputation, including muscle, cartilage, nerve and dermis. 
The multinucleated myofibre, however, is a controversial source 
of blastemal cells”. The suggestion that myofibres can dediffer- 
entiate is based on their histological appearance during the 
early stages of limb regeneration™*. This is contrary to the 
widely accepted view of muscle regeneration in higher verte- 
brates which attributes it to satellite cells”, One prediction of 
the dedifferentiation hypothesis is that a population with 
properties of both myofibres and blastema cells should be pres- 
ent during the early stages of regeneration. Here we describe 
the isolation of two monoclonal antibodies, one that recognizes 
an antigen found only in myofibres and another that recognizes 
an antigen restricted to blastemal cells. By using these antibodies 
as cell markers, we can detect a small population of cells in the 
regenerating limbs of adult newts that bear both the myofibre 
and blastemal cell antigens. The time and location of these 
double-labelled cells supports the idea that blastemal cells origi- 
nate, in part, by dedifferentiation of myofibres. 

Monoclonal antibodies were generated from mice immunized 
with mid-bud stage blastemas® derived from adult newts 
(Notophtalmus viridescens) after amputation through the upper 
forelimb. The properties of one hybridoma, named 22/18, that 
_ fecognizes an antigen restricted to blastemal cells, are summar- 
: ized in Table 1. 22/18 does not bind to any tissue in the mature 
limb when assayed by indirect immunofluorescence on tissue 
sections, 22/18 staining is first detected about 4 days after 
amputation in cells of the nerve sheath near the plane of amputa- 
tion. During the next 10 days, the number of cells labelled with 
22/18 increases and includes the majority of the blastemal cells 


accumulating under the wound epidermis (Fig. la, b), as well | 
as mononucleated celis among muscle and nerve at the base of 
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that the double-labelled cells observed in sections were arte 











the blastema. At the late bud stage of regenes 
minor population of blastemal cells is labelled wi 
it is located between the epidermis and the central. 
blastema. As blastemal cells differentiate into mature tis: 
22/18 staining is lost. The Staining patterns of this reage 
be reported in detail elsewhere. z. 
A monoclonal antibody that recognizes an antigen restr 
to myofibres was derived from mice immunized with homogen- 
ized muscle from adult newts. Table 1 gives the isolation and 
properties of this antibody, named 12/101. 12/ 101 reacts with 
myofibres (Fig. 1c, d) but not with any other tissue in amputated 
or normal limbs as assayed by indirect immunofluorescence in 
tissue sections. In some conditions of fixation the striations in 
myofibrils were clearly visible and when this occurred the 
12/101 staining was also striated, suggesting that the antigen is 
associated with the contractile apparatus. Soya 
Longitudinal tissue sections were cut from regenerating limbs 
14 days after amputation and stained with both 12/ 101 and 
22/18 in conditions that allowed their separate detection on 
the same section with antibodies con jugated to rhodamine and 
fluorescein (see Fig. 1 legend). The myofibres in the mature 
tissue at the base of the limb were stained normally with 12/101. 
The 12/101 staining became fragmented and discontinuous, 
however, within the region between mature tissue and the 
blastema. Figure 1 shows an example of this region photo- 
graphed under low (e-g) and high (h-/) magnification and 
oriented so that the mature tissue lies towards the top of the 
photograph and the blastema towards the bottom, Some of the 
12/101 staining in this region was in cytoplasm associated with 
a single nucleus as detected by Hoescht dye (examples. are 
designated with arrowheads in Fig. 1f and i). Of these cells, 
some also stain unambiguously with the blastemal cell marker 
22/18 (Fig. 1g, j). $ 
Thus, the region of the regenerating limb between. the: 
blastema and mature tissue contains apparently mononucleated. 
cells that stain for both the myofibre and blastema! antigens. 
This region of the regenerating limb also contains intact myofi- 
bres that are associated with several nuclei and stain with 12/101 
(examples are designated by arrows in Fig. 1f). In some cases, 
these myofibres are also stained with 22/18, usually at the end 
closest to the blastema (arrows in Fig. 1g). These double- 
labelled, multinucleated cells have the properties expected for 
myofibres that have initiated the process of dedifferentiation. 
The double-labelled mononucleated cells appear by several | 
criteria to be blastemal cells arising from myofibre dedifferenti- 
ation. First, the location of these cells is definitely restricted to 
the region of the regenerating limb between the blastema and ~ 
intact myofibres. Double-labelled cells are not detected in the. 
stump among intact myofibres, nor do they occur in the growing 
but histologically undifferentiated blastema where a ma jority of 
the cells stain with the blastemal cell marker. | a 
Second, double-labelled cells appear at a specific time during _ 
regeneration. They are detectable in regenerating limbs at 12 
and 14 days after amputation but not at 4 or 7 days, when _ 


wound healing takes place in the amputated limb. At this earlier _ 


Stage, there are fragments of myofibres stained with 12/101 in i 
proximity to mononucleated cells stained with 22/18 but the | 
two populations never overlap. Not only do the double-labelled _ 
cells appear after wound healing but they appear before muscle | 
differentiation occurs in the blastema (as discussed below), 
Thus, it is likely that the double-labelled cells detected in regen- 
erating limbs 14 days after amputation are associated with | 
dedifferentiation rather than with differentiation or wound 
healing. | : 
Third, double-labelled cells are detected after enzymatic dis- — 
sociation of tissue followed by antibody staining of isolated cells — 


(Fig. 1k-m). These cells were reproducibly detected at a low. 


frequency (3 double-labelled cells per 339 22/ 18-positive cel 
in the experiment of Fig. 1). It could otherwise have been arg 


that arise when a cell appears to bear an antigen that be 
to a closely apposed process of another cell. DE 











Fig. 1 a, Tissue section of an early- 
bud regenerate stained with 22/18. The 
area of the blastema under the wound 
epidermis (upper field) was photo- 
graphed under Nomarski optics (scale 
bar, 50 pm) or rhodamine optics (b) to 
show 22/18 staining. Note that blastema 
cells are stained while epidermis is not. 
c, Tissue section of a mature limb stained 
with 12/101. An area of the limb that 
includes nerve (left field), muscle (centre 
field) and dermis (right field} was photo- 
graphed under Nomarski optics (scale 
bar, 50 um) or fluorescein optics (d) to 
show 12/101 staining. Note that only 
muscle stains with 12/101. e, Tissue sec- 
tion of a regenerating limb 14 days after 
amputation stained with 22/18 and 
12/101. An area between the blastema 
and intact myofibrils was photographed 
with Nomarski optics (scale bar, 50 wm), 
fluorescein optics (f) to show 12/101 
staining and rhodamine optics (g) to 
show 22/18 staining. The arrowheads 
designate apparently mononucleated 
cells that stain with both 12/101 and 
22/18. The arrows designate multinu- 
cleated myofibres that stain with both 
12/101 and 22/18. Note that the muscle 
in the upper field stains with 12/101 but 
not 22/18 and the blastemal cells in the 
bottom field stain with 22/18 but not 
12/101. h, i, j, The centre field of e, f 
and g photographed in the same condi- 
tions but at higher magnification (scale 
bar, 20 pm). Note the two cells desig- 
nated with arrowheads stain with both 
12/101 and 22/18. k, A dissociated cell 
stained with both 12/101 and 22/18 and 
photographed under Nomarski optics 
(scale bar, 20 pm), fluorescein optics (2) 
to detect 12/101 staining and rhodamine 
optics (m) to detect 22/18 staining. 
Note the fibrillar nature of 12/101 stain- 
ing, which is observed in some double- 
labelled cells and is consistent with the 
ultrastructural description of some 
blastemal cells containing fragments of 
myofibrils”. n, Tissue section of a palette 
stage regenerate stained with both 
22/18 and 12/101. An area of blastema 
near a region of muscle differentiation 
was photographed under Nomarski 
optics, fluorescein optics (0) to show 
12/101 staining or rhodamine optics (p) 
to show 22/18 staining. At this stage of 
regeneration, 22/18 only stains a sub- 
population of blastemal cells. Note the 
two regions where cells stain with both 22/18 and 12/101. 

Methods: Staining of tissue sections and dissociated cells from regenerating limbs by indirect immunofluorescence with the 22/18 and 12/101 
antibodies. Adult newts (Notophtalmus viridescens, from Lee’s Newt Farm in Tennessee) were bilaterally amputated through the upper 
forelimbs and allowed to regenerate for the times specified. For tissue sections, the regenerating limbs were fixed for 45 min by immersion 
in 0.01 M Na periodate, 0.1 M lysine and 0.05% paraformaldehyde’? in HEPES-buffered saline (HBS: 120 mM NaCl, 3 mM glucose, 2 mM KCI, 
5 mM HEPES pH 7.2 and 10 mM CaCl,), washed in HBS for 30 min and then frozen in embedding medium. Frozen sections (12 pm) were 
cut with a cryostat, collected onto coverslips coated with Gatenby’s solution, dried and stored at —70 °C. Dissociated cells were prepared 
from 20 animals, 17 days after bilateral amputation of the forelimbs. The portion of the regenerating limb lying 1-4 mm from the amputation 
site was removed, finely chopped with a razor blade and digested in 0.5 mg mi”! papain (a fraction obtained after ion exchange chromatography 
of papain from Calbiochem on CM-cellulose at pH 5.0 with a linear 0.1-1.0 M ammonium acetate gradient), 0.88 mg mi~? cysteine in HBS 
for 15 min at 28°C. Cells released by this procedure were filtered through nylon mesh, washed once with HBS, collected by centrifugation, 
dried onto glass coverslips and fixed with acetone. For detection of double-labelled cells, tissue sections or dissociated cells were simultaneously 
stained with 22/18 and 12-101 using reagents specific for p- or y-chains of mouse immunoglobulin (see Table 1) such that 22/18 binding 
was detected with rhodamine and 12/101 with fluorescein. Tissue sections or cells were exposed to ascites fluid of 22/18 (1: 200) and 12/101 
(1: 100), followed by rabbit anti-mouse IgM, «~chain specific (1: 200, Miles) and then to rhodamine-conjugated goat anti-rabbit IgG (1.150, 
Cappel) and fluorescein-conjugated goat anti-mouse IgG, y-chain specific (1:75, Cappel). Reagents were diluted in phosphate-buffered saline 
with 10% fetal bovine serum, and all antibody incubations were for 45 min at room temperature. Staining with 22/18 or 12/101 alone was 
performed with the appropriate reagents as used for double staining. Controls in which the monoclonal antibodies were omitted, or control 
monoclonal antibodies were used, routinely gave no staining except occasionally of the epidermis. Stained sections or cells were postfixed in 
cold acid alcohol, stained with Hoescht dye 33258 (0.5 mg ml!) and mounted in 90% glycerol with phosphate-buffered saline. Stained material 
was viewed and photographed using a Zeiss photomicroscope equipped with epifiuorescence, a filter system to separate fluorescein, rhodamine 
and Hoescht dye fluorescence, and Planapo <63.2 and Plan Neofluar x25 objectives with Nomarski facilities, | | 
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Monoclonal 





antibody Staining in Additional specificity in oe 
designation Immunogen normal limb regenerating limbs Subcl 
22/18 Crude membrane fraction of mechanically | None Majority of blastemal cells at early IgM 
dissociated cells from mid-bud Stages. Minority of blastemal cells at k 
blastemas later stages of regeneration oe 
12/101 Extracts of muscle from adult newts Myofibrils Small population of cells at early and IgGl 


Table 1 Isolation and properties of monoclonal antibodies 22/18 and 12/101 






Spleen cells from mice injected three times with immunogen were used to generate h 3 scribe 
in ref. 11. Hybridomas showing a desired specificity by immunofluorescence on tissue sections were cloned several times by limiting dilution and r 
injected into mice to obtain ascites fiuid''. Frozen sections of normal or amputated limbs were stained by indirect immunofluorescence with 22/18 - 




























late stages of regeneration. 





ybridomas by fusion to the sp2/0 myeloma line as describes 


and 12/101 as described in Fig. 1 legend. Subclass determination ‘was by immunofluorescence using rabbit anti-mouse IgGl, IgG2A, IgG2B or 
IgM (Miles) as the second layer and rhodamine-conjugated goat-anti-rabbit immunoglobulin as the third layer. eens 


Cells that stain with both 12/101 and 22/18 were also detec- 
ted in the blastema during the later Stages of regeneration, when 
differentiation occurs. An example of double-labelled cells that 
are present in sections of palette-stage® regenerating limb is 
shown in Fig. 1n~p. The location of double-labelled cells in the 
blastema during later stages of regeneration is restricted to 
regions just distal to immature myofibres. On one hand, the 
immature myofibres just proximal to the double-labelled cells 
stain intensely with the muscle marker but not with the blastemal 
cell marker. On the other hand, the blastemal cells that stain 
with 22/18, but are located in areas of the blastema where 
»», differentiation has not occurred, do not stain with 12/101. 
“yw Because the double-labelled cells are just distal to immature 
‘-myofibres, they are likely to be blastemal cells that have initiated 
the early stages in myogenesis. 

Thus, we have generated two monoclonal antibodies that 
serve as markers for myofibres and blastemal cells. A small 
population of apparently mononucleated cells that appear dur- 
ing early stages of regeneration in a restricted region of the 
regenerating limb are stained with both. We interpret these 
double-labelled cells to be blastemal cells arising by myofibre 
dedifferentiation. Although other interpretations may explain 
the occurrence of these cells, they. seem much less likely. One 
possibility is that they are phagocytic cells that have taken up 
exogenous antigen. An association between the two markers is 
not found during stages of wound-healing when myofibre-posi- 
tive debris and cells positive for 22/18 are present in close 
proximity in the wound area. Furthermore, the association 
between the myofibre and blastemal cell markers is specific for 
one blastemal cell type in the sense that double-labelled cells 
“are not detected when sections are stained with 12/101 and for 
_ nother marker restricted to a population of blastemal cells 

abundant in the area of dedifferentiation. This latter marker is 
defined by a different monoclonal antibody and is detected on 
muscle fibroblasts and a population of blastemal cells not stained 
with 22/18 (unpublished observations). The double-labelled 
cells are not likely to be the satellite cells that appear to mediate 
muscle regeneration in higher vertebrates. Studies on skeletal 
muscle in adult newts have failed to detect satellite cells, at least 
as defined by the criterion of mononucleated cells within the 





muscle basal lamina’'°. Furthermore, it seems unlikely that 


satellite cells at this stage, however defined, would transiently 

express an antigen that appears to be associated with the contrac- 

tile apparatus. Most important, the presence of double-labelled 

multinucleated cells is suggestive as an intermediate between 
myofibres and double-labelled blastoma cells. | 

; Finally, it is interesting that after the onset of differentiation 





in the blastema, 22/18-positive blastemal cells differentiate back 


into muscle. It is possible that the 22/18-positive cells destined 
for myogenesis are exclusively the progeny of cells that arose 
by myofibre dedifferentiation (referred to as clonal modulation 
in ref. 1). This possibility cannot be tested using only the 22/18 
antibody as a cell marker because other tissues such as nerve 


sheath cells appear to give rise to 22/ 18-positive blastemal cells. 


Nonetheless, the isolation and use of other monoclonal anti- 
bodies as cell markers may allow the description of such lineages. 


_» cells. The efficiency of primary transfection from the po 
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Transforming ras genes from human __ 


melanoma: a manifestation 
of tumour heterogeneity? 


Anthony P. Albino, Renee Le Strange, Allen I. Oliff, a : 
Mark E. Furth & Lloyd J. Old ey 


Memorial Sloan-Kettering Cancer Center, New York, F 
New York 10021, USA e 
Variability in the phenotype of cells comprising individual 
tumours is a striking feature of animal and human cancer and _ 
is generally referred to as tumour heterogeneity’, Studies of _ 
clonally derived cell populations from tumours that originated __ 
presumably from a single transformed cell have shown that _ 
tumours are made up of cells that differ in a variety of traits, 
including drug resistance, antigen expression and metastatic 
potential’. The origin and maintenance of tumour hetero- 
geneity are unclear, but mutational and epigenetic mechanisms _ 
are thought to be involved. Here we report the results of a 
search for transforming genes in human melanoma which — 
have raised the possibility that ras gene activation follows the 
same variable pattern as other traits involved in tumour 
heterogeneity. DNA from 4 of 30 melanoma cell lines yielded 
transforming ras genes in the NIH/3T3 assay. Of five cell lines 
originating from separate metastatic deposits of a single patient, — 
only one contained activated ras, indicating heterogeneity in 
ras activation in this case and suggesting that ras activation was 
not involved in tumour initiation or maintenance in this patient. — 
Table 1 summarizes the transfection experiments with high | 
molecular weight (M,) DNA extracted from cultured melanoma 
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cell lines (SK-MEL-93, -119, -146 and -147) ranged from 0.01 ee 


to 0.10 focus-forming units (FFU) per microgram of DNA 
(FFU pg’). The efficiency of focus formation was not sig- 
nificantly altered in secondary and tertiary rounds of transfec- 
tion. The transformed NIH/3T3 cells produced rapidly growing 
solid tumours upon injection into NFS/Swiss weanling mice. 
Table 1 also summarizes the transfection experiments with DNA 
extracted from five SK-MEL-93 cell lines (DX-1, -2, -3, -4 and 
-6) derived from separate metastatic foci of patient DX, and 
with DNA from DX’s normal skin fibroblasts and Epstein-Barr 
virus EBV-transformed peripheral blood lymphocytes. In a 
series of 11 separate transfection experiments, DNA from only 
one of these lines, DX-3, transformed NIH/3T3 cells. 

Figure 1 shows DNA blots of NIH/3T3 cells after three cycles 
of transfection with oncogenes from SK-MEL-146 and SK- 
MEL-93, probed for human-derived repetitive (Alu-type) 
DNA sequences’. The patterns obtained after digestion with 
five restriction endonucleases revealed that SK-MEL-146 and 
SK-MEL-93 tertiary transfectants had no bands in common, 
indicating that the two parental melanoma lines contributed 
different oncogenes. Independent isolates of secondary and ter- 
tiary transfectants with the SK-MEL-93 oncogene also showed 
the 1.9 kilobase (kb), 6.0 kb and 9.1 kb EcoRIAlu-containing 
human DNA fragments seen in Fig. 1 (lane 2). Similarly, 
independent isolates of secondary and tertiary SK-MEL-146 
transfectants conserved 10kb and 23.5kb EcoRIAlu- 
containing fragments (lane 1). 

Figure 2 shows the results of probing DNA from tertiary 
transfectants containing SK-MEL-146 and SK-MEL-93 
oncogenes, as well as DNA from the two parental melanoma 
lines, for ras sequences. In the experiment shown in Fig. 2a, 
BamHI-digested DNAs were hybridized with a probe derived 
from the v-ras" gene of Harvey murine sarcoma virus (MuSV) 
(BS9, ref. 8). The endogenous c-ras™ genes of SK-MEL-146 
and -93 are visualized in lanes 1 and 3, respectively. A human- 
derived fragment containing ras"-related sequences is present 
in DNA obtained from tertiary transfectants containing the 
SK-MEL-146 oncogene (lane 2), but not in transfectants con- 
taining oncogenes from SK-MEL-93 (lane 4), SK-MEL-119 or 
SK-MEL-146 (data not shown). Since the ras'-related sequen- 
ces migrated as an 8.5 kb BamHI fragment in SK-MEL-146, 
but as an 11.0 kb BamHI fragment in tertiary SK-MEL-146 
transfectants (see lane 2), we assume that sequences flanking 
the c-ras" oncogene were rearranged during the transfection 
process. Figure 2b is a replicate of the DNA blot shown in Fig. 
2a, hybridized with a probe specific for the human ras™ genes’. 
The endogenous ras-related sequences appear as a 7.8-kb 
BamHI fragment in SK-MEL-146 (lane 5) and SK-MEL-93 
(lane 7), as well as in SK-MEL-119 and -147 (data not shown). 
A transfer of human ras'-related sequences has occurred in 
tertiary SK-MEL-93 transfectants (lane 8), but not in tertiary 
SK-MEL-146 transfectants (lane 6). ras™-related sequences 
were also found in secondary transfectants of SK-MEL-1 19 and 
-147 (data not shown). Replicate blots of those shown in Fig. 
2, hybridized with ras“ sequences from Kirsten MuSV (probe 
-HiHi 3) (ref. 10) failed to detect transfer of human ras* sequen- 
ces to NIH/3T3 transfectants. 

Figure 3 shows that NIH/3T3 cells transformed by ras? from 
> $K-MEL-146 cells synthesize a no el, rapidly migrating protein 
` p2l-ras (arrow b, lanes 5, 6) detected by immunoprecipitation 

= with two p21 monoclonal antibodies’. Nontransformed 3T3 
> cells contain little Harvey-type p21-ras protein (lane 2), but 
~~ significant amounts of Kirsten-type p21-ras (arrow a), as detec- 
ted by a broadly cross-reacting ras monoclonal antibody (lane 
3). An altered p21-ras protein has also been detected in transfec- 
tants carrying the ras™ oncogene from SK-MEL-93 (data not 
shown). Presumably, the novel p21-ras species result from struc- 
tural mutations. As has been suggested in other cases, it is likely 
that qualitative changes in p21-ras function account for the 
transforming potential? >. 

The present study extends the list of human tumour types 





A that yield transforming DNA to malignant melanoma. As in 
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Fig. 1 Comparison of 
human Alu-containing 
DNA fragments in mouse 
tertiary transfectants of 
SK-MEL-146 and SK- 
MEL-93. Lanes 1, 3, 5,7 
and 9 show DNA from 
tertiary SK-MEL-146 
transfectants; lanes 2, 4, 
6, 8 and 10 show DNA 
from tertiary SK-MEL-93 
transfectants. The size 
markers indicated are 
HindIII fragments of A 
phage DNA. 

Methods: Twelve pg 
samples of the DNAs were 
digested with the indi- 
cated endonuclease, frac- 
tionated by electro- 
phoresis through 0.75% 
agarose gels at 20°C 
for 16h, and transferred 
to nitrocellulose paper”. 
The filters were incubated 
with a nick-translated”* 
32P-jabelled BLUR 8 Alu 
probe in the following conditions: 50% formamide, 5x SSC, 
1x Denhardt’s, 25 pg ml7! salmon sperm DNA, 10% dextran 
sulphate for 16 h at 40 °C. Blots were washed at room temperature 
for 1h with three changes of 2*SSC, 0.1% SDS, then at 50 "°C 
for 1 h with two changes of 0.1 x SSC, 0.1% SDS. The blots dried 
and exposed to Kodak XAR-5 film with Dupont Lightning-Plus 
intensifying screen at ~70 °C. 
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Table 1 Transfection of melanoma DNA 


Efficiency 
of primary 
transfection Tumorigenicity of 
Cell type* (FFU pg) transfectants? 
SK-MEL-119 0.04, 0.068, 0.1 5/5 
SK-MEL-146 0.04, 0.072, 0.1 8/8 
SK-MEL-147 0.01, 0.012 3/3 
SK-MEL-23, 28, 30, 37, 44, <0.003 0/30 
47, 64, 65, 75, (in the case of 
100, 113, 118, each cell line) 
122, 129, 131, 
143, 153, 164, 
166, 167, 169, 
MeWo 
SK-MEL-93 (DX-3) 0.01, 0.04 8/8 
(DX-1) <0.003 0/3 
(DX-2) <0.003 0/3. 
(DX-4) <0.003, <0.003 0/6 
(DX-6) «0,003, <0.003, <0.003 0/6 
DX skin fibroblast <0.003 0/3 
DX EBV-transformed <0.003 0/3 


B cells 
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* Melanoma cell lines were derived and maintained as described previously”. 

+400 pg or high molecular weight DNA (>50kb) extracted from cells as 
described by Lowy?” was transfected to NIH/3T3 cells by the calcium phosphate 
technique”? as follows: 10 yg precipitated human DNA was applied to each of 
30 35-mm Petri dishes containing 2.5 10° NIH/3T3 cells: the cultures were 
incubated at 37°C for 6h with a subsequent 30-min shock in 10% dimethyl 
sulphoxide”?, or for 20 h without shock. After incubation, the cells were trypsinized 
and replated in 100-mm Petri dishes and fed every 3 days. After 2~3 weeks, foci 
of transformed NIH/3T3 cells were isolated with cloning cylinders, grown to mass 
culture and used as source of DNA for further analysis. DNA competency i 
transfection was confirmed by transfer of human thymidine kinase (TK) gene to’ 
LMTK” cells with a portion of the same DNA precipitate used in transformation — 
assays. Selection of TK™ colonies in 1% hypoxanthine-aminopterin-thymidine 
HAT medium showed the transfer efficiency of human TK gene to be 0.1-0.5 
colonies per pg of DNA?®. . 

+ Tumorigenicity of transformed cells was determined by injecting 1-2 10° 
cells (0.1-0.2 mi) subcutaneously into 4-6-week-old NFS mice. Tumours were 
detected after 1-2 weeks. In the case of cultures scored negative for transformed 
foci, the cells were trypsinized, grown to mass culture and injected into weanling 
NFS mice (5x 10% cells per mouse) to determine the presence of any transformed 
cells not identified microscopically, Animals were observed for 1-2 months. 
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Fig. 2 Detection by Southern blot 
analysis of ras gene sequences in 
DNA from donor melanomas and 
from tertiary transfectants. Lanes 1, 
5, SK-MEL-146 DNA; lanes 2, 6, 
tertiary SK-MEL-146 transfectant 
DNA; lanes 3, 7, SK-MEL-93 DNA: 
lanes 4, 8, tertiary SK-MEL-93 
transfectant DNA. The 3.0-kb bands 
visualized in lanes 2 and 4 corre- 
spond to the endogenous murine c- 
ras" gene. This band is also visual- 
ized in control NIH/3T3 cells (data 
not shown). The size markers indi- 
cated are Hindili fragments of A 





previous studies with a range of other human tumours, the 
transforming genes from melanoma are members of the ras 
family'*"’. Two types of ras genes were isolated from 4 of the 
30 melanoma lines we tested, one ras! allele and three ras™ 
alleles. Two types of ras oncogenes have also been isolated from 
human lung cancers, but in the case of lung cancer, ras* (in 
addition to ras") rather than ras was the other ras allele 
qr 
_. The frequency of ras gene activation in melanoma is 13%, a 
= value not substantially different from the 10-20% frequency 
observed by other investigators with other human tumours (see 
refs 21, 22). Does this mean that ras is involved in the 
pathogenesis of only a subset of human cancers or could ras 
have a more general role in human cancer requiring approaches 
other than the NIH/3T3 assay to reveal? Another way to 
interpret the variability in ras activation in human cancer is that 
transforming ras genes are not involved in the origin and main- 
tenance of human cancer, but arise as a consequence of the 
genetic instability of cancer cells and represent a manifestation 
of the high mutational rates of cancer cells'™>. The finding that 
only one of five cell lines originating from the same patient had 
activated ras allele is interesting in this regard, but is also open 
to several interpretations: (1) The transforming ras gene was 
acquired during tissue culture passage, an objection that can be 
directed at all work on ras genes isolated from cell lines, but 
one that can be addressed by the study of noncultured 
. melanomas. (2) The patient had two primary tumours, only one 
of which involved ras activation. A marker chromosome shared 
by the five lines would be important evidence for clonal origin 
of this patient’s tumour, although the extensive chromosomal 
rearrangement and aneuploidy of melanoma cells hamper the 
search for a cytogenetic marker. Melanoma cells from this 
patient are known to express a clonotypic antigen not found on 
thé patient’s normal fibroblasts or B cells, nor on any of the 45 
allogeneic melanoma cell lines tested®. Four of the five lines, 
including the line yielding the activated ras™ allele, expressed 
this clonotypic antigen, providing evidence for clonal derivation. 
(3) ras activation occurred relatively late in the course of tumour 
progression and was not involved in tumour initiation, mainten- 
ance or metastasis in this patient. According to the latter view, 
ras activation is a manifestation of tumour heterogeneity: a 
, result rather than a cause of transformation. Studies on addi- 
,. tional examples of multiple metastases from individual patients 
~ and on multiple clonal isolates from primary tumours will be 
hecessary to pursue this idea of ras heterogeneity. 
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jeanne McLean, Alison White, Tom Aldrich and Jane Becker 
provided technical assistance. This work was supported in part 
by NIH CA-08748, the Robert J. Kleberg and Helen C. Kleberg 
Foundation, American Cancer Society (MV-170) and Richard 
Molin Foundation for Cancer Inc. 





LETTERS TO NATURE —— 


Received 8 September 1983; accepted 6 January 1984. 


- Heppner, G. H. & Miller, B, E. Cancer Metastasis Rev. 2, 5-23 ( 1983}. 
. Nowell, P. C. Science 194, 23-28 (1976). 

- Fidler, L J, & Hart. L R. Science 217, 998-1003 11982). . = 
- Shapiro, J. R., Yung, W, A & Shapiro, W. R. Cancer Res. 41, 2349-2359 (1981), 

- Talmadge, J. E. Cancer Metastasis Rev. 2, 25-40 (1983). a 

. Albino, A. P., Lloyd, K. O., Houghton, A. N., Oettgen, H. F. & Old, L. J. J. exp, Med = 


- Parada, L, F., Tabin, C. J., Shih, C. & Weinberg, R. A. Nature 297, 474-478 (1982)... 
- Santos, E., Tronick, $. R., Aaronson, S. A., Pulciani, $. & Barbacid, M. Nature 198; 


~ McCoy, M. 5. et al Nature 302, 79-81 (1983). : 
- Shimizu, K., Goldfarb, M., Perucho, M. & Wigler, M. Proc. natn. Acad. Sci. U.S.A. 80 


. Pulcini, S. er al Nature 300, 539-542 (1982). 
» Yuasa, Y. etal Nature 303, 775-779 (1983). 
> Cooper, G, M. Science 217, 801-805 (1982). 






1 2 


Fig. 3 Expression of p21 protein in NIH/3T3 cells transformed 
by human melanoma DNA. Lane 1, NIH/3T3 cells plus normal. 
rat IgG; lane 2, NIH/3T3 cells plus Y 13-238 monoclonal antibody; 
lane 3, NIH/3T3 cells plus Y13-259 monoclonal antibody; lane 
4, tertiary transfectant of SK-MEL-146 plus normal rat IgG; lane 
5, tertiary transfectant of SK-MEL-146 plus Y13-238 monoclonal sae 
antibody; lane 6, tertiary transfectant of SK-MEL-146 plus Y13-. 
259 monoclonal antibody. Arrows: a, major p2l-ras species of. 
NIH/3T3 cells; b, novel p21-ras species encoded by activated = 
oncogene in NIH/3T3 tertiary transfectant from SK-MEL-146. __ 
Molecular weight markers (x10~*) ('4C-labelled polypeptides BY 
from Bethesda Research Laboratories). ae 
Methods: Cells were labelled by incubation for 18h at 37°C in 
methionine-free medium containing 2% dialysed fetal calf serum 
and 100 4Ciml™ **S-methionine. Lysates were prepared and 
immunoprecipitation was Carried out essentially as described by _ : 
Furth ef al’. Portions of lysates containing equal amounts of 
incorporated isotope (10 x 10° c.p.m. per reaction) were incubated < 
with 0.5 ug normal rat immunoglobulin or purified monoclonal 
rat IgG Y13-238 or Y13-259"' for 18 hat 4°C. One monoclonal 
antibody, Y13-238 (ref. 11), precipitates the produce of Harvey- 
type ras, but does not precipitate the p21-ras encoded by the rase 
genes of Kirsten MuSV or of normal rodent cells. A. second 
monoclonal antibody, Y 13-259, precipitates the products of ras, 
ras“ and ras™ (refs 9, 11). Antigen-antibody complexes. were 
collected by precipitation with formalin-fixed Staphylococcus > 
aureus bacteria precoated with rabbit antibodies against rat IgG 
(ref. 11). After extensive washing, the bacteria weré boiled for 
3 min in sample buffer containing 2% SDS and 2-mercaptoethanol. ay 
Samples were subjected to electrophoresis on a 15% (w/v) poly- 
acrylamide gel containing 0.1% SDS by the method of Laemmli 
etal”. Radiolabelled polypeptides were revealed by fluorography. 
Dried gels were exposed to Kodak XAR-S film at —70 °C using 
a Dupont Cronex screen. ON agree 
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The induction of T-cell responses involves the recognition of 
extrinsic antigen in association with antigens of the major his- 
tocompatibility complex (MHC), in mice and man, with differ- 
ent T cells recognizing antigen in association with either class 
1 (H-2K/D, HLA-A, B, C) or class H (la, HLA-D/DR) MHC 
antigens'*, However, the requirement of MHC recognition in 
the induction of immunological tolerance remains ill defined. 
With human T helper clones recognizing synthetic peptides of 
influenza haemagglutinin (HA-1), we have investigated the 
nature of antigen-induced stimulation“, and antigen-induced 
antigen-specific unresponsiveness, immunological tolerance’. 
Tolerance is not due to cell death, as the cells remain responsive 
to interleukin-2 and is associated with the loss of T3 antigen 
from the cell surface®. Using monoclonal antibodies to the 
non-polymorphic regions of human class I antigens to inhibit 
the induction of T-cell tolerance we report here that induction 
of tolerance requires the recognition of MHC antigens. 

Since T lymphocyte clones can be maintained in long-term 
culture it is now possible to analyse their mechanisms of antigen 
recognition and regulation in more detail than previously. We 
have produced a number of human influenza-specific T-cell 
clones with a diversity of function, such as help’, suppression’® 
and lymphokine production'’. They have been analysed for the 
fine specificity of their response to antigen. Clones HA1.4 and 
~HAL.7 used in this study respond to a 24 amino acid peptide 
-< derived from the C-terminal region of HA-1 (residues 306-329) 
_ termed peptide 20, or p20 (ref. 12). This is an immunodominant 
region, as many clones raised with the intact haemagglutinin 
< molecule react to this region". 

“Depending on the nature and concentration of specific anti- 
< gen, duration of culture and the presence of antigen-presenting 
--gells, these clones can be either induced to proliferate, or can 
-be rendered unresponsive’. Hence these clones are suitable for 
. investigating the nature of the ‘signals’ necessary for T -cell 
< activation or tolerance induction. Since recognition of MHC is 
-of paramount importance for activation of T cells, we wanted 
. to determine whether or not this was also the case for the 
~ induction of tolerance. 

= The human HLA-D region, corresponding to the mouse 
_ H-21 region, controls a number of different products, which 
have been described serologically under a variety of names. 
= There are three HLA-D groups (reviewed in refs 2, 14, 15). 








AUTRE Aste oo 


Se. 








Sd Anti DR 


VO Ant DE 
k, 


NUCHT | 


Response-log ¢.p.m.+3.e.m. 
= 
fat 





} O35 LZ 5 J0 
Anubody diuton-gg.mi' 


Fig. 1 Inhibition of antigen-induced proliferative response of 
cloned helper T cells reactive with HA peptide 20 by anticHLA 
class II antibodies. Cells of HA1.7 (2.5% 10° per ml) were stimu- 
lated with p20 (1.0 pg ml’) in the presence of irradiated E~ cells 
(2.5% 10* per ml) in 96-well round-bottom culture plates. Anti- 
bodies (2A1, O? DA-2, A; UCHT1, W; and $G465, ©) were 
added at the start of the cultures in the concentrations as indicated 
(0.15-20 pg mi”! in doubling dilution) and left in for the duration 
of the culture. Proliferation was assayed as described in the legend 
to Table 1. The background responses of cloned T cells in the 
absence of irradiated E` cells was <150c.p.m. as was that of E~ 
cells alone cultured with antigen. 


HLA-DR and HLA-SB correspond to the mouse I-E region, 
as judged by sequence homology and serological cross-reac- 
tivity. HLA-DC/ DS (also known as MT and MB, LB), corres- 
ponds to the murine I-A subregion. There is evidence that 
HLA-DR (ref. 16), SB (ref. 17) and DC (D. D. Eckels, personal 
communication) all act as MHC targets of T-cell recognition by 
various clones. 

The requirement for class I] MHC determinants in T-cell 
activation can be demonstrated either by the addition of antigen- 
presenting cells bearing the appropriate MHC specificities or 
by the inhibition of T-cell proliferation by anti-class I antibodies 
specific for the various subregions". The former approach can- 
not be used as tolerance is more readily induced in the absence 
of antigen-presenting cells’, and so serological inhibition, using 
rabbit anti-human Ia, and mouse monoclonal antibodies directed 
against class II antigens, either HLA-DC/DS or HLA-DR, was 
used. Ag controls, monoclonal anti-HLA-A, B,C, anti-B2- 
microglobulin, anti-T4 and anti-T3 antibodies were used. 


The proliferative response of clone HA1.7 is inhibited by | 


Os oad 


anti-class II, especially anti-DC/DS and thus involves recogni- 
tion of HLA-DC/ DS (Fig. 1). Anti- HLA-A, B, C had no effect, 
antic HLA-DR had a minimal effect. This is presumably because 
there is a degree of cross-reactivity between the non-polymor- 
phic components of HLA-DR and HLA-DC, as has been pre- 
viously demonstrated biochemically'””". 

One possible interpretation of the inhibition mediated by 
antic HLA-DC was that it was due to a direct effect on T cells 
in the absence of antigen. This was excluded by experiments in 
which T cells were pretreated with antibodies and then washed 
before an antigenic challenge (Table 1). In these conditions, 
only anti-T3 inhibited T-cell proliferation. No enhancement or 
inhibition of proliferation was detected with either monoclonal 


or rabbit anti-class II antibodies. Therefore it would seem that — 


the anti-class II antibodies mediated their effects by inhibiting 
antigen-induced activation'®, and not by direct effect on the T 
cells. n ues 

Since human T-cell clones express class H antigens 
was possible to investigate whether anti-class II antibodies could 
inhibit the induction of tolerance. Pretreatment of the clones 


Farad e 
11,23,2 it 





leds 


wy 








with antic HLA-DC/DS and rabbit anti-la blocked tolerance 
induction completely, whereas anti- HLA-DR had only a mar- | i 


ginal effect (Table 2). Anti-MHC class Thad no effect 
results indicate that tolerance involves recognition of ME 
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Table 1 Effect of antibodies on the induction of unresponsiveness in 
the absence of specific antigen | 
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Pretreatment Response of cloned 
T helper cells, 
(c.p.m: +s.e.m.) 
Antibody Antigen E` +peptide 20 TCGF 
— ~— 11,4544856  3,751+497 
— p20 5064104 = 5,677+ 566 
— pil 10,924+1,103 3,356+331 
Anti-HLA (2A1) — 8,881+804 43094499 
Anti-DC (SG465) — 12,45341,862 2,264+226 
Anti-DR (DA2) — 8,790+329 2,744+340 
Rala — 8,478 +1,123 2,994+445 
Anti-T3 (UCHTI) m 6098+138  5,279+267 
Anti-B2M (M8) — 11,926+634 4018+482 
Anti-T4 (MT321) —_ 7,4084612  3,406+675 


roana 

T lymphocyte clones reactive with the synthetic peptides of influenza 
virus haemagglutinin (HA) were isolated as described previously®. 
Briefly, peripheral blood mononuclear leukocytes (PBL) were stimu- 
lated for 6 days with HA (0.1 pg ml7'). Following enrichment on a 
discontinuous Percoll gradient (Pharmacia) the lymphoblasts were 
resuspended in RPMI-1640 (Gibco) supplemented with 10% pooled 
A” serum and 20% T-cell growth factor (TCGF) and cloned by limiting 
dilution. Lymphoblasts were plated one cell every third well in sterile 
60-well Microtest II trays (Falcon) with 10° irradiated (2,500 rad) 
autologous (PBL) and 0.1 ug ml’ of HA. At 7 days, growing clones 
were transferred to 96-well microtitre trays and subsequently to 24-well 


> plates. At each transfer the clones received fresh TCGF every 3-4 days 


and irradiated histocompatible PBL and influenza virus (A/Texas/1/77) 


* every 7 days. TCGF was prepared from tonsillar lymphocytes. (1 x 


10° ml’) stimulated with 0.1% purified phytohaemagglutinin (Difco) 
in complete culture medium supplemented with 2.5% pooled A* serum. 
Before use in experiments the clones were rested for 7 days after the 
addition of filler cells. To induce tolerance, cloned T cells were cultured 
at 10° per ml in round bottom 96-well plates for 16 h with HA peptides 
(50 ug ml” ') or monoclonal antibodies (5 wg mI”) for 16 h. Intact virus 
or haemagglutinin at high concentrations are toxic in culture and do 
not induce tolerance. Rabbit anti-Ia was used at a 1:50 dilution. After 
washing the cloned T cells (2.5 x 10* per ml) were cultured with irradi- 
ated histocompatible sheep erythrocyte rosette negative (E`) lym- 
phocytes (2.510* per ml) that had been pulsed overnight with 
1.0 pg ml~* of p20. Following 60 h incubation the cultures were pulsed 
for 8-16h with 1.0 aCi of “H-thymidine CHTdR) (Amersham) and 
collected onto glass fibre filters. Proliferation as correlated with 7H-TdR 
incorporation was measured by liquid scintillation spectroscopy. The 
results are expressed as mean counts per min (c. p.m.) s,e. of the mean 
of triplicate cultures. UCHT1 is specific for the T3 antigen present on 


_ all mature functional T cells*!. 2A1 is against a nonpolymorphic deter- 


minant of HLA class I°. M8 is against B,-microglobulin**. MT321 is 
against the helper/inducer subset (P. Rieber, personal communication), 
and rabbit anti-la is broadly reactive with human Ia-like antigens”, 
DA-2 is reactive with a monomorphic determinant of HLA-DR (ref. 
23) and SG465 is an antibody reactive with HLA-DC determinants2”. 
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Table 2 Anti-Ia antibody inhibits tolerance induction 


Pretreatment Response of cloned 
T helper cells 
(c.p.m. +s.e.m.) 
Antibody Antigen E™~+ Peptide 20 TCGF 
m p20 674+ 90 $,730 +437 
— pil 9,210 + 524 4,461+428 
Anti-HLA (2A1) p20 456+ 82 4,150+773 
Anti-DC (SG 465) p20 8,542 + 267 2,368 + 409 
Anti-DR (DA2) p20 2,225 226 2,/124276 
p20 9,700 + 972 2,697 + 160 
Anti-T3 (UCHT1) p20 728+ 137 5,141 +1016 
Anti-B,M (M8) p20 964 + 258 3,589 +773 
Anti-T4 (MT 321) p20 880 +123 4,547+ 71 
— — 10,591 + 785 3,966 + 486 


l 


Cloned T cells were preincubated with either peptide or antibody 


- prior to assay or antigen-pulsed E” cells as described in Table 1 legend. 

_ Antibody was added 6h prior to the addition of antigen, and left in for 

the 16h of antigen exposure before washing the cells three times. 
Proliferation was determined as described in the legend to Table 1. 
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Fig. 2 Dose-response curve of the inhibition of tolerance induce - 
tion by anti-HLA-DC and anti-HLA-DR. antibodies. Cells of 
HA1.7 were pretreated with various concentrations of antibody 
(anti-HLA-DC, SG 465?’ @, O; anti- HLA-DR, DAZ”? A. A)and — 
the antigen specific (@, A) and TCGF (O, A) responses. assayed 
as described in the legend to Table 1. = 


iI antigens. To determine more precisely which MHC class Il 
antigens were involved, dose-response curves of anti-HLA- 
DC/DS and anti- HLA-DR antibodies on tolerance induction 
are compared. This was necessary as immunoprecipitation analy- 
sis has shown that the anti-DR monoclonal DA? cross reacts 
weakly with DC/DS molecules’””°, which would explain its 
partial effects on the induction of proliferation and tolerance. 
However, at lower concentrations (1.25 pg ml”), only the anti- 
HLA-DC/DS monoclonal inhibits tolerance induction (Fig. 2), 
and thus the type of class II molecule recognized is the same 
for both immunity and tolerance. A 
Analogous results have been obtained with two anti- HLA-DR 
reagents, DA2 (ref. 23), CA2.06 (ref. 24), and three anti-HLA- 
DC reagents, SDR 4.1 (ref. 25), HIG 78 (ref. 26) and SG 465. 
(ref. 27). To confirm that MHC involvement in tolerance induc- 
tion was not unique to clone HA1.7, a second p20 specific clone 
HA1.4 was also investigated, and showed similar inhibition by 
the same anti-class II reagents. Questions of cross-reactivity. 
between monomorphic anti-DR or anti-DC antibodies do not. 
affect the major point of this communication, that recognition 
of MHC class II antigens is of importance in tolerance induction, - 
However, the experiments reported here do not Tesolve | 
whether the class H molecules involved in tolerance induction 
are present on the same T cell, or adjacent T cells. Our previous 
results have indicated that cloned T celis can present antigen 
to other T cells, using an ‘anti-idiotype’ (anti-receptor) clone. 
Studies in vivo have attempted to examine whether tolerance’ 
to minor transplantation antigens is MHC restricted. Matzinger — 
and Waterfield”* used F,-parent bone marrow chimaeras, but- 
due to the possibility of antigen reprocessing by F; macrophages 
could not make a definitive assessment. More recently Grov 
and Singer?’ have used parent-F, irradiation chimaeras. Their 
results suggest that tolerance of cytotoxic T-cell precursors 
involves MHC recognition, in keeping with the in vitro clonal - 
analysis reported here. a a 
The observation that T-cell tolerance involves MHC recogni- 
tion is compatible with either a single or dual T-cell receptor 
concept. However, it is not consistent with the concept that 
T-cell immunization involves recognition of antigen in associ- 
ation with MHC, whereas tolerance involves recognition of 
antigen alone”. If ‘positive’ induction of a helper clone, to 
proliferate and help, and ‘negative’ induction to be tolerant both - 
depend on recognition of the same antigen and MHC product, - 







it is pertinent to ask what factors discriminate between these. 
opposite tendencies. At present antigen concentration and anti- 
gen-presenting cells have been shown to be relevant. However, 
the role of other signals, such as interleukin-1, remain to be 
elucidated. i ii 
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ii Renzodiazepines exert most of their pharmacological effects by 
- -a selective facilitation of the postsynaptic actions of GABA? , 
`: Clinical**, behavioural®’ and electrophysiological®® studies 
<; have shown reduced drug response following chronic benzo- 
 diazepine administration. We present here electrophysiological 
-evidence for decreased postsynaptic sensitivity to GABA fol- 
- lowing chronic benzodiazepine administration as measured by 
- the direct iontophoretic application of GABA and serotonin 
~ onto serotonergic cells in the midbrain. dorsal raphe nucleus 
` (DRN), known to receive GABAergic input™ ®. The subsensi- 
< tivity to GABA was found to be dose dependent and was seen 


when diazepam administration was three weeks or longer. - 


x Further, acute injection of the specific benzodiazepine antagon- 
ist”, Ro15-1788, was found to reverse rapidly the decrease i in 


GABA “sensitivity 





animals without altering GABA sensitivity in vehicle-treated 
rats. Decreased response to chronic benzodiazepines does not 
appear to be consistently related to alterations i in the number 
or affinity of receptors for benzodiazepines'*. Our studies of 
radioligand-binding showed a decrease in the ability of GABA 
to enhance benzodiazepine binding in cerebral cortical mem- 
branes from chronic diazepam-treated animals without sig- 
nificant changes in benzodiazepine binding site density or 
affinity. 

Adult male Sprague-Dawley rats were injected daily with 
diazepam (DZ: 2.5 or 5mgkg™’ intraperitoneal) or vehicle 
(VEH: 40% propylene glycol: 10% ethanol, 1 ml kg™') for a 
minimum of 3 weeks prior to electrophysiological recording 
sessions. Animals were anaesthetized with chloral hydrate 
16-24 h after the last injection of DZ or VEH and the single-unit 
activity of serotonin-containing cells in the DRN was monitored. 
The DRN was chosen as serotonergic neurones in this nucleus 
receive GABAergic input'°'*: acute benzodiazepines sig- 
nificantly increase the inhibition produced by GABA in the 
DRN by a postsynaptic mechanism without altering sensitivity 
to other putative neurotransmitters (serotonin or glycine)?®. 
Procedures for recording from identified serotonergic neurones 
in the DRN and the microiontophoretic techniques utilized were 
as previously described. Pairs of animals were recorded, one 
from each treatment group in random order until the entire 
series of recordings were completed (typical traces of spon- 
taneously firing cells from chronic diazepam- or VEH-treated- 


animals are presented in Fig. 1). Throughout the recording series, 


the investigators were blind to treatment history of animals. In 
these studies, long-term treatment (3 weeks or more) with the 
5.0mg per kg dose resulted in a significant decrease in the 
sensitivity of serotonergic cells to microiontophoresed GABA 
(if J is ejection current (nA) and T is time (s) for DZ: ITs, = 
22.2+2.8nAs compared with VEH: [7Ts5,=10.7+1.4nAs, 
P<0.001; Fig. 2). The 2.5mg per kg dose also diminished 
GABA sensitivity, although the change was not statistically 
significant. In contrast, iontophoretically applied serotonin was 
found to be equally effective in both VEH- and diazepam- 
treated animals suggesting that decreased sensitivity of long- 
term treated animals is somewhat selective for GABA (Fig. 2). 
Since variations in 1 basal firing rates have been found to alter 
drug sensitivities", we compared the spontaneous firing rates 
of DR neurones in DZ-and VEH-treated rats. As previously 
observed following short-term administration of clinically rel- 
evant doses of benzodiazepines'”’*, no significant differences 
in basal firing rates between diazepam and VEH treatments 
were observed (diazepam: 0.8+0.1 spikess™' versus VEH: 
1.0+0.1 spikes s~}, ¢(67)= 1.71, not significant). Thus, differ- 
ences in sensitivity to GABA could not be accounted for by 
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alterations in baseline firing rates of serotonergic cells within | 


the DRN. 

To determine whether the subsensitivity to GABA observed 
following long-term benzodiazepine administration was medi- 
ated through a benzodiazepme binding site, the effect of the 
specific benzodiazepine antagonist'’, Rol5-1788, was tested in 
long-term diazepam-treated rats. In these studies, after sampling 
iontophoretic sensitivity to both serotonin and GABA in a 
number (n = 1-4) of identified serotonin-containing cells within 
the DRN, sensitivity to a single neurone was repetitively tested 
both before and after the systemic administration of Ro1 5-1788 
(2 mg per kg, intravenously in suspension with 0.2% carboxy- 
methyl cellulose and 0.1% Tween 80). In long-term diazepam 
treated animals, RolS-1788 increased the sensitivity of 
serotonergic neurones to GABA to the range observed in VEH- 
treated rats without significantly altering their sensitivity to 
serotonin (Table 1). In contrast, Ro15~1788 did not alter ionto- 
phoretic sensitivities to either GABA or serotonin in VEH- 
treated animals and, in addition, no significant alteration of 


baseline firing rate was observed in serotonergic neurones within 


the DRN following Ro15-1788 administration. in. either treat- 
ment group (Table 1). | 























Fig. 1 a, Long-term g 
treatment with vehicle. 
The spontaneous firing of 
a single serotonergic 
neurone is plotted as a 
frequency histogram of 
spikes per 10s against 
time; the duration of drug 
ejection (serotonin, SHT; 
GABA, G) is indicated by 
the bars above the his- 
togram record with the 
numbers indicating the 
iontophoretic current in 
nanoamperes (nA) used 
for drug ejection. For 
each cell tested and for 
each substance applied 
xonotophoretically an [Ts, 
value was determined?’ 
from the digital printout 
as defined by the ejection 
current I (nA) applied 
multiplied by the time 
(Tse, 8) required to 
depress cell firing by 50% 
from the spontaneous 
basal firing rate. The response of this serotonergic cell to the 
microiontophoretic application of GABA and serotonin was 
measured in a rat which had received daily VEH injections for at 
least 3 weeks. GABA, ejected with 0.5 nA current for 60 s (bar), 
inhibited neuronal activity with an ITs) value= 10nAs and 
serotonin, ejected with 8nA current for 605 (bar) also inhibited 
neuronal activity with an ITs9 value=200nAs. b, Long-term 
diazepam (DZ). The response of this serotonergic cell to the 
microiontophoretic application of GABA and serotonin was 
measured in a rat which had received daily injections of diazepam 
(5.0 mg per kg) for at least 3 weeks. GABA ejected at currents 
(0.5 nA) which significantly inhibit spontaneous cell firing in VEH- 
treated control animals did not significantly depress cell firing in 
the long-term diazepam-treated animals. When higher ejecting 
currents were used (3 nA), GABA (60 s; bars) inhibited neuronal 
activity with an Tso value = 60 nA s. Serotonin, ejected with 4nA 
current for 60 s, inhibited cell firing with an ITs, value = 155 nA s. 
Methods: Serotonin-containing cells in the dorsal raphe nucleus 
were tentatively identified by a characteristically wide duration 
action potential (1-2 ms duration, positive~negative wave form), 
a regular rhythm and a slow firing rate (0.5-3.0 spikes s~!). Spon- 
taneously firing dorsal raphe neurones with these firing pattern 
characteristics were typically encountered at 4.5-5.5 mm ventral 
to the level of the exposed tissue on the midline above the DRN, 
Extracellular recorded spike activity was passed through a high 
input impedence amplifier and displayed on an oscilloscope; a 
variable voltage window discriminator was used to assist in single 
unit discrimination. The electrode signals were then passed into 
an electronic rate meter triggered by individual spikes. An 
integrated frequency histogram was graphically recorded in 10-5 
intervals from the analogue output of the counter: a digital printout 
of the spike activity was also collected for further statistical analysis. 
In these studies a five-barrel micropipette was prepared as pre- 


8 2S 8. 05 8 


eiie sanye 


Spikes/10 sec 


= 


SHT G GSHT G G 
£ re 2 5 25 2 


Spikes/10 sec 


Sn 
5 min 


viously described?°; the protruding centre barrel was filled with a 
-2 MNaCi 2% Pontamine sky blue dye solution and used for 


recording (in vitro impedence 3-7 MQ). Side barrels contained 
solutions of GABA (0.01 M in 0.1 M NaCl, pH 4; 0.001M in 
0.1 M NaCl, pH4) and serotonin (0.04M or 0.05M, pH 4, 
creatinine sulphate salt) for microiontophoretic application and 
4 M NaC] for continuous automatic current balancing; a retaining 
current of ~10nA was consistently applied to each drug barrel 
between periods of injection. The duration of drug ejection was 
controlled to provide a uniform 60-s interval during each microjon- 
tophoretic drug application and a constant time interval was maint- 
ained between successive, repetitive drug applications. At the 
conclusion of the recording period the recording site was marked 


by ejection of a spot of Pontamine sky blue dye. Brain tissue was 


fixed and examined histologically for localization of the recording 
site. Localization of the recording site within the DRN was a 
necessary criterion for inclusion of data in this study. | 
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Fig. 2 Sensitivity of spontaneously firing serotonin-containing 
cells in the DRN to microiontophoretically applied GABA and 
serotonin (SHT). Mean ITs) values (nA) were determined {see 
Fig. 1) in paired VEH or 5.0 mg per kg per day diazepam-treated _ 
rats from two separate treatment series run 3-4 months apart 
(n= 6-8 rats per treatment per series). * Overall analysis of vark 
ance showed a significant effect of DZ treatment on GABA Ilep 
F (1,70) = 13.32, P< 0.001, with no significant effect on SHT ITs, 
F (1,64) =0.57, not significant. Numbers below each bar show no. 

of cells/no. of rats, at 


These data indicate that serotonergic neurones in the DRN 
develop a functional subsensitivity to GABA following chrome 
exposure to diazepam. Since drug treatment was discontinued: 
14-16 h before recording sessions, the subsensitivity to GABA 
observed in chronic diazepam-treated rats could be related | 
either to development of tolerance or to withdrawal of the drug. 
The benzodiazepine antagonist, Ro15-1788, has been reported | 
to induce benzodiazepine withdrawal responses in a number of 
experimental studies'””'°. In our studies, Rol5-1788 
administration. rapidly reversed GABA subsensitivity in.long- 
term DZ-treated rats. These data therefore indicate that the 
decreased sensitivity to GABA is not a withdrawal response, a 
response which would be predicted to be enhanced rather than 
reversed by Ro15-1788. In addition, because long-term 
diazepam treatment results in significant physiological changes 
in the CNS, these data corroborate evidence that tolerance is” 
not due solely to pharmacokinetic differences in chronic drug. 
disposition. Since. subsensitivity to the microiontophoretic . 
application of GABA following long-term diazepam treatment 
is not seen following a single 24-h exposure to diazepam | 
(diazepam: ITs5=11.8+0.4nA‘s versus VEH: Tont 2E 
0.3 nA s, t(10)=0,29, not significant) and, importantly, is in 
fact opposite the facilitation of GABA responses immediat 
following diazepam administration’®, the data suggest that suc 
changes cannot be due simply to the acute presence of diazep. 












in chronically treated animals. = l E eS 
To further address this issue, levels of diazepam and active ` 
metabolites remaining in brain tissue at the time of investigation — 
were determined using a radioreceptor assay~°. Eight brainstems _ 
were selected at random from long-term diazepam-treated rats. 
used in these studies. The assay used, which was able to detect 
a minimum level of 3 pmol per assay of diazepam, failed to 
detect the presence of active drug in 6 out of 8 tissue samples. 
In tissue from the two remaining animals, less than 0.01% of 
the 5.0 mg per kg daily dose of diazepam or its active metabolite 
was measured. In view of these findings, there is a low probabilit 
that any significant levels of diazepam were present in brai 
tissue at the time of the electrophysiological or biochemik 
analysis. Thus, although repeated occupation of benzodiazepi 
sites is required for these effects, the continuing presenc 
pharmacologically active concentrations of drug in brain”! ‘doe: 
not seem necessary for the development of subsensitivity: 





















“Table 1 Antagonism. 


Microiontophoretic sensitivity ean ITa (nA s) £6: e.m. ]* 


GABA 
l Treatment Pre-Ro (n) Post-Ro 
~ Chronic VEH 15.745.7 (7) 10.844.5 
32.0463 (8) 16.2+2.2+ 


_ Chronic diazepam 


sen nsitivity to > GABA by Rol$-1788 





Basal firing rate 





Serotonin [spikes per 10s] 
Pre-Ro (n) Post-Ro Pre-Ro (n) Post-Ro 
238+ 70 (5) 222 +62 14.4216 (7) 13.64 1.6 
199+ 47 (8) 17329 8.9+1.1 (8) 8421.2 





* Microiontophoretic sensitivity determined from average of two or three successive 60-s applications of serotonin and GABA (Fig. 1) immediately 


.. preceding and following intravenous injection of 2 mg per kg Rol5-1788. 


+ P<0.05, paired Student’s t-test (Pre versus Post-Ro15-1788). 


AT 


300 


IH-FLU BOUND (fmoles/mg protein) 





O 3x10 10% 3x10% 10° 3x10° 10% 
GABA [M] 


Fig.3 GABA stimulation of *H-flunitrazepam binding in cerebral 
cortical membranes prepared from rats treated daily for 21 days 
with vehicle (©) or diazepam (5.0 mg per kg) (@). Briefly, crude 
brain membranes were extensively washed (SX) to remove 
endogenous GABA?’. Immediately prior to the binding assay 
procedure the tissue was resuspended in 10 vol of 50 mM Tris 
HCL, pH 7.0 buffer and dispersed with a Polytron (setting 8.5 for 
158; Brinkman). Protein concentration was determined for each 
sample? and the data expressed per mg protein. Binding to cortical 
membranes was measured in an incubation volume of 500 pl 
(100 pl tissue homogenate, 350 pl Tris HCI buffer or drug dis- 
solved in the Tris buffer, and 50 pl of *H-flunitrazepam (specific 
activity = 87.6 nCi mmol™’, New England Nuclear) at a concentra- 
tion of 0.5 nM as previously described”’. Incubation time was for 
30min at 37°C and terminated by rapid filtration through 
Whatman GF/B filters followed by 3x6 ml rinses with ice-cold 
Tris buffer. Various concentrations of GABA were added to the 
incubation medium immediately prior to the addition of *H- 
flunitrazepam (1nM). Each point (+s.e.m.) is the mean of 
specifically bound °H- -flunitrazepam determined in three separate 
experiments performed in quadruplicate. * Significantly different 
_(P<0.05) from vehicle rat values according to paired Student’s 
t-test. 


To investigate whether receptor alterations accompany 
_ the observed changes in GABA sensitivity, we examined 
- benzodiazepine. binding and the ability of GABA to enhance 
nzodiazepine binding in- long-term treated animals. There 
icting reports of alterations in benzodiazepine binding 
i a wide variety, of chronic dose regimens *, Since mem- 







pr ee from the DRN region?! Our treatment 


membrar which results in electrophysiologically measurable 


- subsensitivity to GABA i in the DRN, did not significantly alter 
k either F-benzodiazepine, receptor number of affinity as measured 
~ by saturation bir ngo Hort pala Siig 0. 5-16 nM, 









7nM versus, VEH: Bmax 3.7+0.3 pmol per mg protein, Kp = 
21.5+0.6nM). In cortical membranes from both VEH- and 
diazepam-treated animals, GABA was found to enhance *H- 
FLU binding with similar EC., values (VEH: 44M GABA 
versus diazepam: 3.5 uM GABA). However, the magnitude of 
the GABA enhancement was found to be significantly reduced 
in membranes from chronic diazepam-treated rats as compared 
to tissue from VEH-treated rats (VEH: 43.0+5.0% versus 
diazepam 21.5+2.3%; Fig. 3). Decreases in the ability of 
GABA to enhance diazepam binding have also been observed 
both in adult mice? and in developing rats following prenatal 
exposure to benzodiazepines**. These data, obtained using 
ligand-binding techniques, are, therefore, consistent with elec- 
trophysiological evidence for subsensitivity to GABA following 
chronic benzodiazepine administration. 


Our receptor binding data suggest that chronic exposure of i 


the receptor to DZ alters the sensitivity to GABA and that such 
changes are not accompanied by measurable alterations in ben- 
zodiazepine receptor number or affinity. Our physiological data 
indicate that a change in the functional responsivity to GABA 
in the GABA~benzodiazepine macromolecular complex (or a 
more complex change in the interactions between various ele- 
ments of the GABA postsynaptic complex) has occurred follow- 
ing long-term DZ administration. Since benzodiazepines appear 
to act as allosteric modifiers in the GABA receptor com- 
plex’*?’, our data would indicate that chronic exposure to a 
modifier ‘could result in decreased function (subsensitivity) of 
the entire GABA~benzodiazepine receptor complex. Although 
the present studies do not address the molecular basis for such 
changes in functional responsivity to GABA, decreases in 
GABA sensitivity could be one biological mechanism respon- 
sible for the development of tolerance to the benzodiazepines. 
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Many important physiological processes, including neurotrans- 
mitter release and muscle contraction’, are regulated by 
the concentration of Ca’* ions in the cell. Levels of cytoplasmic 
Ca’* can be elevated by the entry of Ca?" ions through voltage- 
dependent channels which are selective for Ca?*, Ba** and Sr** 
ions***. We have measured currents through single, voltage- 
dependent calcium channels from rat brain that have been 
incorporated into planar lipid bilayers. Channel gating was 
voltage-dependent: membrane depolarization increased the 
channel open times and decreased the closed times. The chan- 


vw Nels were selective for divalent cations over monovalent ions. 


A The well-known calcium channel blockers, lanthanum and cad- 





= +100 mV, current fluctu- 
ations of about 0.85 pA with symmetric divalent cations were measured. At —100 mV, 


nium, produced a concentration-dependent reduction of the 


apparent single-channel conductance. Contrary to expecta- 
tions'*, the nature of the divalent cation carrying current 
through the channel affected not only the single-channel con- 
ductance, but also the channel open times, with mean open 
times being shortest for barium. 
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The median eminence was chosen as a potential source 
Ca** channels because it is rich in nerve terminals which secrete 
releasing and inhibiting hormones that travel to the pitui 
by means of the hypophysial portal system’. Channels 
incorporated into: bilayers from membrane vesicles ‘th 
made from rat brain median eminences using a method similar 
to that used for synaptosomes’ or membrane vesicles!” from 
whole brain. Planar bilayers containing phosphatidyl- 
ethanolamine (33 mg ml“, bovine brain; Avanti Polar Lipids) 
and phosphatidylserine (26 mg ml™', bovine brain: Avanti) in 
decane were painted across a 100-250 ym hole ina polystyrene 
or Lexan partition separating two chambers'*’, both (except 
where noted) containing (in mM) one of 250 CaCh or 
SrCl, or BaCl, with 7.5 HEPES, 0.11 CaCl, 0.075 MgCl, , 
0.038 EGTA, pH 7.0 (that is, the divalent cation equilibrium 
potential was normally 0 mV). The cis side of the bilayer was 
defined as that side of the bilayer exposed to the membrane 
vesicles; the opposite (trans) side was held at virtual ground. 
Because, as inferred by their voltage dependence, the channels | 
incorporated in the bilayer oriented with the extracellular ends 
of the channels facing the trans side and their cytoplasmic ends 
facing the cis side, voltages reported here correspond to the. 
usual cellular convention (inside minus outside). oe 

Within minutes following the addition of the membrane pre- 
paration to the cis side in the presence of 250 mM CaCl,, BaCl, 
or SrCh,, stepwise current fluctuations of 0.5 pA (Ca?*, Sr??) 
or 0.85 pA (Ba**) were observed at +100 mV (Fig. la-c), The. 
bottom current records in Fig. 1a-c show that fluctuations in 
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current fluctuations were not seen. c, Single-channel 


current fluctuations with Sr?*, At +100 mV, current fluctuations of about 0.5 pA with symmetric divalent cations were measured. At ~ 100 mV, 


current fluctuations were not observed. Hole diameter: 


16 with the omission of the sucrose 





reflected the residual relaxation of the capacitative current following the voltage step from. 


| 100 ym. d, Comparison of single-channel currents with Ba?*, Ca2* and Sr2* at 
+100 mV. Current records taken in the presence of each ion were superimposed. In all 
Methods: Single-channel current fluctuations. The membranes were prepared from 










at is, from the cis side to the trai 
The cut-off frequency of the currer 
7 otherise noted, records were filtere 
bilayers were painted was 250 pm. The slow change. 
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n Fig. 2. Current voltage relations for single calcium channels. a, 

Effects of voltage on the magnitude of single-channel currents. 
ds were taken on the same membrane with symmetric 
SrCl;. The solid horizontal bars in each record indicate 












livalent cations, that is, the zero-current potential 
ion. equilibrium potential were at 0 mV. Single- 
ances for Ca?*, Ba”* and Sr** were 5 pS, 8.5 pS 
: tively. c Single-channel current voltage relations 
ith symmetrical 250 mM SrCl, (A, same data as in b) and with 
357 mM NaCl, 6.1 mM SrCl, on the trans side and 250 mM SrCl, 
~~ on the cis side (A). The equilibrium potentials (calculated from 
oncentrations) for these exp | 

a= 0 mV; A (asymt 








eriments were: A (symmetric), Es, = 


sr = —47 mV, Eq) = +9 mV, Ens = 
opes of the linear regression (solid) 
iangles) and 4.2 pS (filled triangles). 













current were not seen for any of the divalent cations at —100 mV. 


The current leak through the bilayer in the absence of any 
channel passing current was symmetrical at +100 mV and cor- 
responded to a ‘naked bilayer’ conductance of about 7.5 ps. 
Figure 1d shows superimposed single channel current steps for 
Ca’*, Ba?” and Sr** at +100 mV. Strontium and barium have 


been found to carry current through all Ca** channels studied, ` 


so that the ability of Sr?* or Ba’* to substitute for Ca" in 
maintaining Ca** currents is an important criterion used in 
identifying Ca?” channels’. Figure 1 shows first that with 


equimolar concentrations of the three divalent cations the. 


efficacy in carrying current at +100 mV was Ba> Ca= Sr. This 
agrees with reports for Ca" channels in other ‘cell types". 
Second, clear, well-defined current steps were seen for all three 
divalent cations at +100 mV, while current fluctuations were 
not seen at ~100 mV. Thus, the gating of these single channels 
is voltage-dependent. Since single-channel current fluctuations 
continued to be observed for many seconds following a voltage 
step, the channels under these experimental conditions do not 
completely inactivate (compare refs 9-11), Thus far, with the 
conditions described in this paper, we have been able to incor- 
porate Ca?* channels on virtually every attempt (>50) and 
channels can frequently be studied for periods of 30 to 60 min 
following incorporation. 

Single-channel current-voltage relations for these cations are 
shown in Fig. 2. Figure 2a shows representative single channel 
records at three potentials with Sr** as the current carrier. 





Figure 2b shows that the single-channel current with either zy 


Ca?*, Ba2* or Sr?* as the current carrier was proportional to 
applied voltage over a range of about 145 mV. The single- 
channel conductances with Ca**, Ba?* and Sr** as the current 
carriers were 5 pS, 8.5 pS and 5 pS, respectively, indicating that 
with symmetric 250 mM divalent cations, Ba?” moves through 
the channel about 1.7 times faster than Ca?” or Sr**. At poten- 
tials above +100 mV, open channel current noise with all three 
divalent cations increased substantially (see Fig. 2a). Reducing 
the Ca2* concentration from 250 to 150 mM had no effect on 
the single-channel conductance, suggesting that at the levels of 
cations used in these experiments, the Ca?* channels were 
saturated with respect to the current carrier™???. The use of 
symmetric solutions eliminates surface potential differences, and 
channel saturation eliminates variation in the degree of 
occupancy by the permeant ions. Thus, the different single- 
channel conductances should reflect differences among the limit- 
ing rates of transport of these ions through the channels. Nega- 
tive to +30 mV, the single-channel currents were too small and 
too brief to measure. Patch clamp studies on intact cultured rat 
heart muscle and clonal rat pituitary cells suggest that single- 
channel Ba2* currents increase linearly over a 50-60 mV 
range*® and that Ba?” carries more current than Ca** through 
single channels in Helix neurones’. 

Direct evidence of selectivity for divalent cations over 
monovalent cations is shown in Fig. 2c. In this experiment, the 
trans SrCl, solution was replaced with an isotonic solution of 
NaCl. Although the channels were open long enough to be 
measured only at potentials more depolarized than +20 mV, 
the single channel current-voltage relationship was linear and 
could be extrapolated to a potential (~44 mV) that was very 
close to the divalent cation equilibrium potential (Es,,-47 mV). 
By contrast, the chloride equilibrium potential (Ec) was +9 mV 
and the sodium equilibrium potential (Ena) was nominally plus 
infinity. This result rules out the possibility that these channels 


select for Na* or CI. In other experiments, a high concentration < 


(200 mM) of KCl was added to the cis side with 150- 
250 mM CaCl, or BaCl, present on both sides. In these experi- 
ments (results not shown), there was no change in the single 
channel current at any potential. These results also 
conclusion that these channels are selective for divalent cations 
over monovalent ions. = 0 a a 

As was illustrated in Fig. 1a-c, the channels are more likely 


to be open at positive potentials. We so analysed. the 
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closed times, which reflect the probabilities of closing and open- 
ing. Using either Ca?*, Ba?* or Sr?* as the current carrier, 
decreasing the membrane potential from +100 mV to +50 mV 
caused the channel open times to decrease, and the closed times 
(intervals between openings) to increase (data shown for Ba2*, 
Fig. 3). At +100 mV, the mean open time of the channel with 
Ba** as the current carrier was about 127 ms (Fig. 35). Reducing 
the potential to +75 mV and then to +50 mV decreased the 
mean open time of the channel to 76 ms and to 29 ms. If the 
mean open time continues to decrease as the membrane poten- 
tial is reduced further, then the channel open times should have 
been in the millisecond range around OmV, a value similar to 
those obtained in patch clamp experiments on other prepar- 
ations’ °. Reducing the potential not only decreased channel 
open times but it also increased the channel closed times (Fig. 
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3c). From +100 mV to +50 mV, the closing rate inc) 
4.4-fold and the opening rate decreased 2.5-fold indicating tl 
the probability of a channel being open changed approximately 
10-fold for this 50 mV chang memb) ential a ; 
similar to that found for Ba**-conducti 

heart muscle cells‘. 















+100 mV, the single-channel mean open 
and Ca** were 127 ms, 385 ms and 454 ms, res 
there is a parallel between the sequence of mea 
and the sequence of mean transit times for the permean 
unit current at +100 mV). A similar relationship can be derived 
from open times and unit conductances observed when different 
alkali cations carry current through the acetylcholine receptor. 
channel'*'?, In addition, the order of the mean. open times 
(Ba’* <Sr**<Ca?*) is the same as the order of apparent 
affinities of these ions for Ca?* channels in rat brain synapto- 
somes’. These results are consistent with the general idea that 
occupancy of a channel by a permeant ion can impede channel 
closing, a conclusion also reached in studies of squid axon 
potassium channels”°, ES 

Calcium entry into a wide variety of cells is mediated by 
voltage-activated channels that are permeable to the cations 
Ca**, Ba** and Sr** (see Fig. 1; for review see ref. 3). The 
exact mechanism of ion permeation is unknown, but one impor- 
tant step may be the association of Ca’* with a binding site in 
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Fig.3 Voltage-dependence of single-channel open times and closed times. a, Original record of single-channel current fluctuations with Ba?* 


as the current carrier at +50 mV, +75 mV and +100 mV. The solid bars show the level at which all the c 
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Fig. 4 Block of single-channel strontium currents by lanthanum. 

Representative single channel current steps in the presence of 

250.mM SrCl, in 0, 45 and 545 pM LaCl, on the cis side. The top 

and middle records were filtered at 100 Hz and the bottom record 
was filtered at 20 Hz on playback. 


the channel. There is good evidence that in many types of cells, 
lanthanum and a variety of transition metals block Ca** move- 
ment through the channels by competing with Ca’* for this site. 
To date, there are no data at the single channel level on the 
: mechanism of block by inorganic ions. We found that lanthanum 
reduces the single channel current in a dose-dependent manner 
(Fig. 4). In the presence of 250 mM Sr?*, 145 pM La’* reduced 
the single channel current by 50%. In addition to lanthanum, 
cadmium and manganese also reduced the single channel cur- 
rents, with the order of potency being: La** > Cd** > Mn”. 
The selectivity among Ca’*, Ba®* and Sr°*, and for divalent 
over monovalent cations, the small single-channel conductances, 
the voltage dependence, and the block by lanthanum and cad- 
mium, reported here, are considered to be properties common 


to all Ca’* channels'*. Based on these criteria, these channels 
closely resemble voltage-dependent calcium channels that have 
been studied in a variety of excitable tissues. Of several unresol- 
ved questions about Ca?* channels, the following appear to be 
especially well-suited for investigation using the bilayer system: 
(1) Can permeant divalent cations move through the channels 
in both directions? In the presence of physiological Ca”* 
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SURES F 


High resistance epithelia actively transport sodium from the 
luminal side to the blood’. Aldosterone and vasopressin stimu- 
late this sodium transport system; the diuretic drug amiloride 
inhibits it in a reversible fashion. The first step in the 
transepithelial transport of Na* is the facilitated diffusion of 
Na* across the apical membrane via Na*-specific, amiloride- 
sensitive channels” *. We report here the first direct measure- 
ments of single, amiloride-sensitive Na* channel activity. The 
channel was isolated after incorporation of purified apical mem- 
brane vesicles from A6 cells into planar lipid bilayers. The 
channel had the following characteristics: single-channel con- 


ductance ranged from 4 to 80pS at 200 mM NaCl; it was 
perfectly cation-selective; amiloride reduced the open-state 
conductance in a dose-dependent fashion when present in the 
cis compartment, and induced flickering when present in the 
trans chamber; channel conductance and gating were voltage- ` 
independent; and the Na*/K* selectivity ratio of the channel — 
was 2:1. | 

We grew the A6 epithelial cells on Millipore filters because 
the cells express amiloride-sensitive, apical sodium influx when 
grown on filters, but not when grown on conventional plastic 
dishes*. Vesicle preparation is summarized in Fig. 1 legend. A6 
vesicles were enriched in apical membranes, as evidenced bya 
10-fold enrichment in alkaline phosphatase activity without — 
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Fig. 1 Cultured A6 apical membrane sodium channels incorporated into planar lipid bilayers. Bilayers were formed from a mixture of bovine _ 
brain phosphatidylethanolamine (PE) and phosphatidylserine (PS) at a PE/PS ratio of 70:30 in decane (20 mg lipid per ml). Lipid bilayers — 
were formed on polystyrene cups with circular apertures of 200-340 um diameter. The bilayer separated two aqueous chambers. When filled 
to the same height, the cis chamber contained 3 mi of solution and the other (trans) 4.7 ml. Electrical measurements were made witha 
two-electrode voltage clamp”. The cis chamber was connected to a function generator which controlled membrane potential. The trans 
chamber was connected to a current-to-voltage converter, keeping this compartment at virtual ground potential. A positive current was defined aS 
as net cation flow into the trans side. The aqueous solutions were connected to the electronics by 0.1 M NaCl agar bridges in: series with 


Ag/AgCl electrodes. Apical membrane vesicles were prepared by scrap 
The scraped material was homogenized and the apical membrane fracti 


ing A6 cells into buffer containing 10 mM CaCl, to precipitate nuclei. 
on was obtained by differential centrifugation, Membranes were stored. 


(1 mg protein ml~*) at —80 °C in 0.5 M sucrose, 10 mM Tris-HEPES, pH 7.4. After bilayer formation in symmetrical salt solutions (0.1M 
NaCl, 10 mM MOPS-Tris, pH 7.0), an osmotic gradient was established across the membrane by adding 100-300 mM NaCl to the cis chamber 
to facilitate channel incorporation; 20-30 pl of vesicle suspension were added to the cis side. The cis solution was vigorously stirred until an __ 
initial jump in conductance was observed. Additional incorporation was prevented by stopping the Stirring and by extensive washing of the 
cis chamber with a 100 mM NaCl, 10 mM MOPS-Tris, pH 7.0 solution. All single-channel records were stored on FM tape for later analysis 
By convention, the channel opening is shown as an upward deflection regardless of the polarity of the applied voltage. The conductance of 


the bare bilayer was <5 pS in all cases. For the recordings shown here, 


the holding potential was +50 mV in symmetrical 30 mM NaCl; the SS 


arrow indicates the zero-current level. This record was low-pass filtered at 100 Hz. 


detectable succinate dehydrogenase activity. Also, after }25]- 
iodination of apical membrane proteins of confluent A6 
monolayers, '*°]-specific activity was 7.1 times enriched in the 
vesicle fraction. Previous evidence for sodium channel activity 
in A6 vesicles was that amiloride inhibited the 22Na influx with 
a half-maximal inhibition constant (K‘) of 0.07 aM, similar to 
that measured in intact A6 cells”. 

Ionic channels present in these membranes were transferred 
_ to planar membranes as described previously. Vesicles were 
_ added to the cis compartment. The time which elapsed between 
the addition of vesicles and the first conductance jump (indicat- 
ing the incorporation of channels into the bilayer) ranged from 
10 min to 2-3 h. Channels appeared to incorporate either in 
bursts (2-6 channels) or one by one. Addition of calcium was 
not required, and channel incorporation was irreversible. 

Figure 1 shows a record of single-channel activity. The average 
single-channel conductance observed in this experiment was 
15 pS in symmetrical 30 mM NaCl, and 55 pS in 200 mM NaCl. 
The range of single-channel conductances was 4~80 pS: at 
200 mM NaC! with a mean of 35 +8 (+s.e.) pS (22 membranes, 
8 vesicle preparations). The variability in conductance could be 
related to the possible existence of a wide spectrum of stable 
conductance states, as suggested for the gramicidin A channel’. 
Both the conductance of any single channel and its opening 
probability were independent of voltage (+60 mV). All channels 
_ had similarly long mean open times (2-10 s), absolute cation 
selectivity, and amiloride sensitivity. At all sodium concentra- 
tions, two processes having different kinetics were observed. 
The channels fluctuated both rapidly and slowly between the 
open and closed state. The mean residence time of the long-lived 


Closed state was 5.0+1.5s and was independent of voltage 


between +30 and —-30 mV. The mean closed time of the fast 
state was <200 ms. | a 
Figure 2a shows mean open single-channel current versus 


_ applied potential. Such experiments yield information: on 


_ blocked conductance states. These observations m 


_ binding sites, or different amiloride accessibilities 


channel cation/anion selectivity. Single open-channel current 
was a linear function of potential in the range +55 mV. The 
observed zero current potential of —12+1.2 mV ‘agrees well- 
with the predicted reversal potential of —12.8 mV fora perfectly 
cation-selective channel in these ionic conditions. Current- 
voltage curves in physiological conditions yielded a reversal 
potential of ~20 mV, indicative of a Na*/K* permeability ratio 
of 2:1. Single-channel conductances measured in the presence _ 
of either KCI or NaCl on both sides of the membrane yielded | 
a conductance ratio of 2.8 Na* over K* (Fig, 2b). A difference - 
at high salt concentration between the selectivity measured by — 
conductance and by zero-current potential is characteristic of 
channels that can accommodate no more than one ion at a time. 
Theoretically, the permeability rati equals the conductance 
ratio only in the limit of zero ion concentration, 
The ability of the channels to discriminate between Na” and _ 
K“ is less than in other epithelia’. The Na*/ K™ selectivity 
of the Na” channel in cultured kidney cells is unknown 
amiloride has been shown to interact with ‘mixed’ Na*-1 
channels in the apical membrane of toad skin during the moult 
ing process’*, and in the skin of larval frogs**. COo iata, 
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Amiloride interacts with this channel whether present in the — 
cis or in the trans compartment. Figure 3a shows the apparent- 
reduction of single-channel open-state conductance by cis. 
amiloride. This effect of amiloride was fully reversible. The - 
channels blocked by cis amiloride underwent a smooth reduction | 
in open-state conductance as drug concentration was increased 
(Fig. 3b). The K; was 0.1 pM, in good agreement with the v: 
of Kj obtained for **Na”™ influxes into A6 vesicles (0,07 | 
and intact cells (0.05 yM)”. cis Amiloride did not induce. 
ations in open-channel current. Addition of amiloride o 
trans chamber produced rapid transitions between opet 
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- Fig. 2 a, Single-channel current-voltage relationship. The differ- 
ent symbols represent data from different membranes. The height 
-of the current jumps for a single channel was measured at different 
imposed membrane potentials. The NaC] activity gradient was 
166: 100 mM cis/ trans. All solutions were buffered to pH 7.0 with 
10mM MOPS-Tris. Linear regression analysis of the data yielded 
< a single-channel conductance of 60+5 (+s.e.) pS and a zero- 
> current potential of -12+1.2 mV at a 99% confidence interval. 
AN channels used in this plot displayed reversible amiloride sensi- 
~ tivity. b, Single-channel conductance with either Na” or K*. Chan- 
nel transitions were recorded in symmetrical solutions of 200 mM 
4 Na” or K* chloride, 10 mM MOPS-Tris, pH 7.0. Channel conduct- 
: >e ances determined from at least 20 transitions were: Na“, 66+ 2 pS, 
- K*, 2421 pS. Conductance sublevels were not included when 
: calculating mean single-channel conductance. 


interaction site, The nature of the cis blockade by amiloride was 
exper ‘ted in that the block was much faster (mean blocked 

a <Ims). than Suggested by the amiloride-induced current 
e in frog skins'*. In our. experiments the blocked state is 
t-lived with respect to the amplifier response time, yielding 
-mean apparent open-state conductance equal to the time 
average of true open and blocked conductances'®'’. A similar 
decrease i in the. time-averaged open-state c conductance due toa 
1as been described previously’” 
S: pwe have shown that direct measurements of amiloride- 
E hannels from. A6 apical membranes can be 
i ter incorporation i into. boar pe aeh The most 
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Fig. 3 Amiloride inhibition of single-channel conductance. 4, 
Single-channel current fluctuations measured in the absence or 
presence of amiloride in symmetrical 10 mM NaCl, 10 mM MOPS- 
Tris, pH 7.0 solutions. This membrane contained two channels {b}, 
although only one is seen in a and c. a, Before addition of amiloride. 
b, After addition of amiloride toa final concentration of 0.1 pM 
to the cis side only. c, After amiloride was removed by washing 
the cis chamber with 40 ml of drug-free solution. b, Per cent =" 
inhibition of open-state conductance observed at different con- se 
centrations of amiloride with a -cis/trans 166: 100 mM NaCl 
gradient. Each symbol represents. data. taken: fre OE SIE 
membranes studied. Amiloride was added t th only. Pe 
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The iridophores of some fishes including the neon tetra, Para- 
cheirodon innesi, contain regular alternating layers of guanine 
and cytoplasm whose spacing changes in response to light’, 
even in decapitated animals’. As a result, the wavelength of 
light that is most strongly reflected also changes and the 
iridophore changes colour™™*. These iridophores give the colour 
to the bright iridescent lateral stripe that includes the iris and 
runs laterally along the body. The iridophores themselves are 
located between the dermal collagen and the underlying muscle. 
The photosensitive site appears to be located within the cell 
itself, or very close to it’. Using an immunofluorescence tech- 
nique, we describe here the identification of an opsin-based 
visual pigment within the neon tetra iridophore. 

The antigen used for immunofiuorescence was a solution of 
rhodopsin prepared for us by Dr A. Knowles as follows. Pellets 
of quail rod outer segments were washed, dissolved in 50 mM 
Tris buffer at pH 7.0, treated with Ammonyx to break up the 
membranes, and separated on a concanavalin A (Con A)- 
Sepharose column’. Rabbits were immunized against the antigen 


». according to the method of Lynch and Shirley®. We also used 


rabbit anti-bovine rhodopsin, given by Dr E. Kean’, which was 


r prepared by injecting into rabbits bovine rhodopsin, purified by 


calcium phosphate Celite and Con A-Sepharose chromatogra- 
phy. The immune serum was partially purified by passage over 
a DEAE-cellulose column. The immunoglobulin fraction was 
then dialysed against water and lyophilized. 

Neon tetras were killed by decapitation and 1-3 mm pieces 
of retina and skin, taken from the region of the lateral stripe, 
were incubated in 20 mM ammonium acetate at 4 °C for 15 min 
to swell the photoreceptor membranes”. The tissue blocks were 
then fixed in 3% glutaraldehyde in isotonic phosphate—phos- 
phate buffer at 4 °C for 18 h, dehydrated in alcohol and embed- 
ded in the hydrophilic acrylic resin LR White (London Resin 
Co.), which seems particularly suitable for immunohis- 
tochemistry”. Sections (1-2 um) were placed on glass slides 
using 0.01% poly-L-lysine (Sigma) as an adhesive!®. The sec- 











tions were treated with goat serum diluted 1:40 in phosp 
buffered saline (PBS) (Miles Yeda), rinsed in PBS and 
in the primary antiserum raised in rabbit. Pow: 
rhodopsin primary antiserum (10 mg) was dissolved 
give a dilution of 1:4,000 (w/v). The quail rhodopsin pı 









microscope. , eee 

The retina preparations that had been incubated with either. 
anti-bovine or anti-quail rhodopsin antiserum showed strong _ 
green fluorescence of all the rod and cone outer segments. No 
fluorescence was visible in the controls incubated with normal - 
rabbit serum, and there was only weak fluorescence in the 
preparations in which the anti-rhodopsin antibody had been 
incubated with rhodopsin. This makes it unlikely that the anti- | 
body was active against molecules other than opsin in either the 
iridophores or the outer segments. In the neon tetra both the 
melanophores and the iridophores lie between the dermal col- 
lagen and the underlying muscle*. Sections treated with anti- 
rhodopsin showed a double rank of strongly green fluorescent — 
cells having the same shape and in the same position as the 
iridocytes (Fig. 1a, b). The green fluorescence extended across 
the entire central area of the cell and showed a diagonal banded | 
pattern (Fig. 1c) characteristic of the arrangement of the irides- 
cent multilayers viewed under the electron microscope (Fig. 2). - 
The individual reflecting plates are less than 100 nm thick?*; 
thus they are too small to be resolved under the light microscope. _ 
The diagonal fluorescent bands seen in Fig. 1¢ probably rêp- 
resent several plates that have remained grouped together. o 

Although the antibody was raised against rhodopsin, it seemed _ 
to be active against all the cones in the retina, and these contain _ 


Fig. 1 Immunofluorescence staining of neon tetra skin 
showing opsin in the iridocytes. a, Section incubated with | 
anti-bovine rhodopsin antibody raised in rabbit, showing 
the double rank of fluorescent iridocytes between the der- F 
mal collagen (top) and the underlying muscle. The dark = 
granulated bodies are melanocytes. b, A similar section to 
that in a except that it has been incubated with normal: 
rabbit serum instead of the anti-rhodopsin antibody. in thi 
case the iridocytes are not fluorescent. Scale bar for aa 
b, 50 wm. c, An iridocyte treated as in a, but photograph 
at a higher magnification to show the diagonal banding 
Scale bar, 10 um. awe 























Fig. 2 Electron micrograph section of an iridocyte showing the 
reflecting multilayer stack. A possible site for the visual pigment 
is in the membranes within the reflecting stack. Scale bar, 500 nm. 


at least some porphyropsin rather than rhodopsin''. We believe, 
therefore, that we have demonstrated the presence of an opsin- 
based photopigment in the iridocyte, but it is unknown whether 
it is rhodopsin or porphyropsin. 

Birds and mammals also possess dermal photoreceptors but 
the mechanism of the light response has not been extensively 
studied!?™?5, Light induces electrical changes in frog skin’®, and 
action spectra of the electrodermograms have prompted the 
suggestion that a blue-sensitive rhodopsin and possibly a 
rhodopsin-metarhodopsin photochromic system is involved'’. 
The direct action of light on the melanophores of larval 
Xenopus'*'° and of at least four species of larval frogs, causes 
the melanosomes to aggregate within the melanocyte and the 
skin colour to lighten!®!°. These photosensitive sites are local- 
ized within the cell itself?°*!, but the nature of the photorecep- 
tive substance is unknown. Perhaps these melanocytes, like the 
neon tetra iridocytes, also contain visual pigment. 

We thank Dr E. L. Kean for a sample of anti-bovine rhodopsin 
antiserum, Dr A. Knowles for purified quail and bovine rhodop- 
sin; and Professor B. K. Follett and Dr A. E. Dorey for help 
and advice. This research was supported by MRC project grant 
Coa (J.N.L. and J.S.) and by an ARC research studentship 

R.G.F.). 
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A second plasma calcium-lowering 
peptide from the human 
calcitonin precursor—a re-evaluation 


I. MacIntyre, C. J. Hillyard, J. J. Reynolds, R. E. Gaines Das 
& R. K. Craig 

Nature 300, 460-462 (1982) 

WE recently reported that the C-terminal flanking peptide 
(katacalcin or PDN-21) from the human calcitonin precursor 
circulates in man in equimolar relation to calcitonin and that 
the plasma katacalcin level rises after calcium infusion and is 
grossly elevated in medullary carcinoma of the thyroid (Lancet 
i, 846-848, 1983). These findings are in good agreement with 
our earlier report (reference above). In that paper, however, 
we also reported that katacalcin lowered plasma calcium after 
intravenous injection in 50 g rats and described a direct effect 
of the synthetic peptide on mouse calvariae in organ culture, 
although at much larger concentrations. 

We must now report that in subsequent experiments using 
different preparations of synthetic katacalcin, the calcium lower- 
ing activity has been highly variable at best. Additionally we do 
not find any effect on bone resorption using mouse calvariae in 
organ culture. Whatever the reasons for the differences between 
our original studies and the present ones, we now feel it is unsafe 
to extrapolate from our results to a physiological hypocalcaemic 
effect of katacalcin in man. E 
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Errata 


Acceptors for botulinum neurotoxin 
reside on motor nerve 
terminals and mediate its internalization 


J. O. Dolly, J. Black, R. S. Williams & J. Melling 

Nature 307, 457-460 (1984) 

THE abbreviation for botulinum toxin in line 1 of the bold first 
paragraph should read BoNT, and in the legend to Fig. 1 the 
line ʻa, c, e, With tetanus toxin; b, d, f, without.’ should be 
deleted. 


Inverse relationship between neurotensin 
receptors and neurotensin-like 
immunoreactivity in cat striatum 


M. Goedert, P. W. Mantyh, P. C. Emson & $. P. Hunt 
Nature 307, 543-546 (1984) 

IN the sixth line of the ‘Methods’ section of Fig. 1 legend, the 
sentence ‘Control experiments had established that there was 
no detectable neurotensin- or (Met)enkephalin-like sections’ 
should read ‘Control experiments had established that there 
was no detectable neurotensin- or (Met)enkephalin-like 
immunoreactivity left in the tissue sections’. 


Cloning and sequence analysis of calf cDNA 
and human genomic DNA encoding o-subunit 


precursor of muscle acetylcholine receptor 


M. Noda et al. 

Nature 305, 818-823 (1983) 

THE sentence on lines 20-22 of Fig. 4 legend should read “The 
degree of amino acid sequence homology in each of these protein 
regions is given below for the human/calf (dotted lines), 
human/ Torpedo (solid lines) and calf/ Torpedo (dashed lines or 
solid lines where no dashed lines are shown) pairs; < 
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No real homology of 
human T-cell 
leukaemia virus 
-.. envelope with class I HLA 
IN a recent paper Clarke et al presented 
$ hybridization data purporting to show 














o wo sequence homology between a portion of 


a human T-cell leukaemia virus (HTLV) 
and a human class I HLA gene (HLA-B7). 
We have directly compared the published 
sequences of the appropriate portions of 
HTLV? and class I HLA nucleotide 
and/or protein sequences (HLA-B7 and 
HLA-A2—whose protein sequence is 
very closely related to HLA-B7*) using 
the computer programs DIAGON® and 
ANALYSEQ*. We find no significant 
homology of nucleotide sequence between 
HTLV and HLA-A2, nor can we find any 
protein sequence homology between 
HTLV and HLA-A2 or HLA-B7. As we 
do not have the precise nucleotide 
sequence of the HLA-B7 clone, we cannot 
formally exclude the possibility of the 
DNA sequence homology claimed by 
Clarke etal.'. However, the lack of protein 
=, Sequence homology makes it most unlikely 
mg: that the env gene of HTLV is structurally 
¥erelated toa histocompatibility antigen. We 
therefore wonder why no sequence com- 
parison was presented by the authors or 
requested by Nature. It is now common 
knowledge that G+C-rich sequences can 
confuse cross-species hybridization 
results, as is admitted by Clarke et al. 
Indeed we note that there are G+(C-rich 
sequences in the hybridizing fragments of 
HTLV described by Clarke et al). For 
example, Xhol-Xhol, 901-1,000, T= 
19%, C = 36%, G = 36%, A =9%: Xhol- 
Sstil, 1,800-1,930, T=31.3%, C= 
40.5%, G = 22.9%, A=5.3% (nucleotide 
numbering starting at the A of the initi- 
ation codon of the envelope gene). 
Clearly, hybridization at extremely low 
~ stringency is not a sufficient criterion for 
Statements of sequence homology. It can, 
however, serve as a useful preliminary to 
cloning and thereby obtaining the 
necessary sequence data. 
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P. A. JENNINGS 
J. EVEN 


Laboratory of Molecular Biology, 
Medical Research Council Centre, 
Hills Road, Cambridge CB2 20H, UK 
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CLARKE, GELMANN AND REITZ JR 
REPLY—At the time our manuscript? was 
accepted for publication, no sequence data 
were available for human T-cell leukaemia 
virus (HTLV). By the time we received 


proofs the sequence data of Seiki et al? 






strongly suggest th 


We compared the 
sequence of the env region of HTLV with 
the published sequence data for the HLA- 
B7 pseudogene clone of Malissen et al?, 
did not find what we felt to be sufficient 
homology to explain the hybridization 
data, and consequently appended a Note 
added in proof which, however, was not 
published, at the discretion of Nature. 
There are several likely reasons for the 
apparent discrepancy between hybridiz- 
ation and sequence data. First, the pub- 
lished sequences are not of the clones used 
in our studies. Our probe is one for HLA- 
B7 (ref. 4) while the clone of Malissen et 
al. represents a pseudogene with sig- 
nificant amino acid sequence differences 
from HLA-B7 (ref. 3). The clone of Seiki 
et al.” was not tested by us, differs in the 
region of homology by at least three 
restriction enzyme sites, and may lack the 
homology we have described. Indeed, a 
clone* of HTLV-II®, which does not alter 
the HLA class I expression in infected cells 
(our unpublished data with D. Mann, M. 
Popovic and R. C. Gallo), does not hybrid- 
ize with our HLA probe. Second, relevant 
to a possible structural relationship 
between an HTLV env protein and HLA 
class I antigens, it should be pointed out 
that B7 is not one. of the ‘extra’ class I 
specificities detected on HTLV-I-infected 
cells’, and, were the sequences of the 
appropriate antigens available, a greater 
amino acid sequence homology would 
probably be evident. Moreover, the 
stretch of homology need only be sufficient 
to account for a single antigenic site. 

As to the specificity of hybridization, 
contrary to the assertions of Jennings and 
Even, hybrid formation was performed at 
moderate stringency (4X SSC, 50% for- 
mamide, 37°C) and washing at moder- 
ately low stringency (2 x SSC, 50 °C), and 
was therefore not at ‘extremely low strin- 
gency’. We feel that we have ruled out the 
possibility of G+C-rich nonspecific 
hybridization in any event by demonstrat- 
ing a high degree of specificity. As men- 
tioned above, no hybridization is observed 
with the related HTLV-II. Hybridization 
to the Xhol-Xhol region (901-1,000) 
cited by Jennings and Even as unusually 
G+C-rich is barely detectable (see ref. 1, 
Fig. 1, lane c). There are areas elsewhere 
in the HTLV-I genome as G+C-rich as 
the areas indicated by Jennings and Even; 
for example, bases 758-901 of Seiki 
et al.” (64% G+C), bases 1,070-1,198 
(69% G+C and bases 1,530-1,630 
(68%), all in the gag region and none 
hybridizing with the probe. No hybridiz- 
ation is obtained with clones for DR-a® 
and DC-B?, the latter being as G +C-rich 
as the HLA-B7 probe. While we realize 
(and stated in our paper) that even specific 
hybridization cannot prove that the two 
proteins in question are partially struc- 


_turally homologous, we feel that these 
data (together with those of Mann et al.’) 





st that this is indeed the 
case. We are currently placing appropriate 





SARISING— 


incubated for 1h or 2h in the presence — 
of 2.5-20 nM arginine vasopressin (AVP; _ 








portions of the HTLV genom 
malian expression vector 
resolve this question definiti 


M. F. CLARK 

M. S. REITZ JF 
Laboratory of Tumor Cell Biology, 
National Cancer Institute. 
National Institutes of Health, —. 
Bethesda, Maryland 2020: 








L. Clarke, M. F., Gelmann, E. P. & Reit 
60-62 (1983), E a 

Z. Seiki, M., Hattori, S., Hirayama, Y. & Yoshida; M. Proe. 
natn. Acad. Sci. U.S.A. 80, 3618-3622 (1983) 0 
Malissen, M., Malissen, B, & Jordan, B. R: Proc, natn, 
Acad. Sci. U.S.A. 79, 893-897 (1982), ee 
4. Sood, A. K., Pereira, D. & Weissman, $. L. Proc, nate, 
Acad. Sci. U.S.A. 78, 616-620 (1981), oe 

5. Gelmann, E., Franchini, S., Manzdri, V., Wong-Staal, E & 
Gallo, R. C. Proc. natn, Acad. Sci, U.S.A, (in the press). 

- Kalyanaraman, V. S. et al. Science 218, 571~573-{ 1983): 
. Mann, D. et al Nature 305, 58-60 (1983). res 
. Gustaffson, K. et al. Scand. J. Immun. 16, 303-308 (1982). 
. Larhammar, D. L. et al. Proc. natn. Acad, Sei. USA: W 
3677-3691 (1982). oe 


z.M.S. Jr Nature 308 








a 


oO d 








No role of vasopressin in 
stress-induced | 
ACTH secretion? 


RECENTLY, Morméde' reported that 
exposure of conscious rats to a novel 
environment induced the secretion of 
adrenocorticotropic hormone (ACTH) 
and corticosterone. As this secretion could: 
not be blocked by an anti-pressor 
vasopressin antagonist, 1-deaminopenicil- 
lamine, 2-(O-methyl)tyrosine arginine—- 
vasopressin (dPTyr(Me)AVP), the author. 
concluded that vasopressin was not phy- 
siologically involved in ACTH release. We 
disagree with this contention: as shown 
below, pituitary vasopressin receptors are 
not effectively blocked by anti-pressor. 
vasopressin antagonists. nae 
Experiments were performed on disper- 
sed anterior pituitary cells? (Geneva), on- 
hemipituitaries from 6-7-day-old rats cul- 
tured for 4 weeks in vitro? (Basel), and: 
on anterior pituitary —_ segments* 
(Budapest). The tissues and cells were 





Sigma), 0.5-20 nM synthetic ovine cor- 
ticotropin-releasing factor = (CRF; 
Bachem), 50-200 nM anti-pressor AVP: 
antagonists”°, and combinations thereof. 
All incubations were in 10-100 pM ascor- — 
bic acid to prevent oxidation and inactiva- 

tion of CRF’. The antagonist 

dPTyr(Me)AVP was synthesized by DrJ. | 
Rivier (San Diego) and the antagonist _ 
d(CH2)sTyr(Me)AVP by Dr Manning 
(Toledo). After the incubation period, the 
media were frozen (—20°C) pendir 
radioimmunoassay for ACTH (994 ant 
serum from Dr C. Oliver, Marseille, fe 
the Basel and Geneva experiments, an 
antiserum no. 6 for the Budapest exp 

ments). ae 













Table 1 Release of ACTH from dispersed 
anterior pituitary cells — 





Experimental Release of ACTH 
condition (pg ml’) 

AA alone 1,504 + 164 
AVP+AA 2,727 +199 
AP + antagonist + AA 2,430 + 156 
CRF+AA 3,461 + 167 
CRF+AVP+AA 7,295 + 339 
CRF+AVP 

+antagonist + AA 6,339 + 522 
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Anterior pituitary cells were incubated for 
“dh with 5nM AVP, 5nM CRF, 200nM 
` d(CH,)<Tyr(Me)AVP (antagonist) and combi- 
‘nations thereof in the presence of 10 pM ascor- 
bic acid (AA). Results are mean +s.e.m. for 
four separate cell suspensions each. 


A representative experiment on disper- 
sed anterior pituitary cells is shown in 
Table 1. The anti-pressor AVP antagonist 
d(CH,);Tyr(Me)AVP had no effect on 
- ACTH release evoked by AVP. Similar 
results were also obtained with the 
dPTyr(Me)AVP antagonist in all three in 
_ vitro systems. The potentiation of the 
ACTH releasing effect of CRF by AVP 
was slightly and not significantly reduced 
by both antagonists in dispersed anterior 
pituitary cells and pituitary fragments, and 
was reduced by 20-40% (P < 0.05) in cul- 
tured hemipituitaries. 

Earlier studies in vivo had shown that 
anti-pressor antagonists administered in 
§~50-fold excess of AVP blocked the 
stimulation of ACTH and corticosterone 
secretion by AVP’*?. It was suggested 
-that the site of the antagonism was at the 
pituitary level. The present in vitro studies, 
however, indicate that these antagonists 
are unlikely to abolish the direct effect of 
“AVP on ACTH release either in the pres- 
ence or absence of CRF. In fact, previous 
~ studies have also pointed out that pituitary 
vasopressin receptors are neither of the 
pressor (V,) nor of the antidiuretic (V2) 
type'*'*, and antidiuretic agonists have 
less intrinsic or potentiating activity than 
AVP (our unpublished in vitro studies). 

We suggest that exogenous AVP and 
anti-pressor AVP antagonists ad- 


~.: ministered in vivo act on ACTH release 


< at a peripheral or central nervous site. 
> Thus the main argument for Morméde’s 
contention’ cannot be accepted, and two 
_ other statements of his are debatable: first, 
the absence of AVP secretion into 
-~ peripheral blood may co-exist with the 
presence of AVP release into hypophysial 
=<- portal vessels and with hypophysial- 
4 adrenalactivation’? . Second, many studies 
_ suggest a role for AVP in ACTH secretion 
` „in vivo (see references in ref. 14). 
= This study was supported in part by 
© SNSF grant 3,898.81. M.C.H. is an 
exchange Fellow of the Royal Society 
. (London) and the Hungarian Academy of 
= Sciences, We thank Ms M. Friedli 
(Geneva), L. Rietschin (Basel) and V, 


Garamvölgyi (Budapest) for technical 
assistance. 
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MORMEDE REPLIES—Baertschi and col- 
laborators report here that antagonists of 
pressor-like receptors of vasopressin 
(AVP) are unable to block ACTH release 
and CRF potentiation induced by AVP in 
vitro. Consequently, the inability of such 
an antagonist to modify the pituitary- 
adrenocortical response to a psychological 
stressor’ cannot be taken as an argument 
for the non-involvement of pituitary AVP 
receptors in ACTH release. However, this 
issue was considered in the conclusion of 
my report": “the inability of the antagonist 


to change the ACTH response to the 


psychological stress of exposure to a novel 
environment can be explained by the non- 
involvement of hypophysial AVP recep- 
tors in ACTH release... On the other 
hand, the hypophysial AVP receptor 


involved in CRF potentiation could be 


insensitive to the antagonistic properties 
of dPTyr(Me)AVP” and I have recently 
gathered evidence to support this later 


possibility in conscious, freely moving 
animals, | 
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AVP has by itself a low ACTH- 
releasing activity in vitro but potentiates 
CRF-induced ACTH release*. However, 
the characteristics of the pituitary 
vasopressin receptor have so far been 
poorly defined. Two subtypes of AVP 
receptors have been shown to mediate th 
peripheral effects of vasopressin (see 
review in ref. 3). Analogues having differ- 
ential agonistic* or antagonistic” activity 


towards both receptors have been synthe- 


sized. e Ate 4 a z 
The effect of AVP -on ACTH. release 
was classically considered to be mediated 
by a pressor-like receptor at the anterior 
pituitary level’. However, recent data 
have challenged this view: the release of 
ACTH by AVP can be antagonized by 
either anti-pressor antagonists’ or by 
immunoneutralization of CRF with a 
specific antiserum raised in rabbits against 
synthetic ovine CRF*, which demonstrates 
that the main effect of AVP on ACTH 
release is mediated by CRF liberation via 
a pressor-like receptor. Furthermore, I 
have recently obtained experimental 
evidence (P.M., M. LeMoal and R. Dant- 
zer, in preparation) supporting an action 





of AVP agonists with low pressor activity» “a 


(such as dDAVP) on ACTH secretion 
independently of CRF release and of 
pressor-like receptors. The same analogue 
of AVP was recently shown to potentiate 
CRE-induced ACTH release in vitro’. 
However, we also found that an antagonist 
of the antidiuretic-like receptor, d(CH))s5- 
DLeu-VAVP*®, was unable to antagonize 
the effect of dDAVP on ACTH release. 
These results favour the hypothesis of a 
direct action of vasopressin and its 
analogues on the pituitary through a 
receptor having characteristics different 
from those of the two vasopressin recep- 
tors so far defined. 

The data obtained in vitro by Baertschi 
and collaborators agree with these find- 
ings. However, further | 
obviously necessary to better characterize: 
the pituitary AVP receptor in order to 
reinvestigate the physiological role of 
vasopressin in stress-induced ACTH 
secretion. 
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“confront a ‘“‘superior being’’ (Brams’s 





H.N.V. Temperley 











MANY scientists hold that no problem is so 
obscure, or so sacred, that it can be exempt 
from fearless rational enquiry. Game 
theory, created by such profound thinkers 
as von Neumann and Turing in the late 
1940s, attempts to codify, and to quantify 
where appropriate, the many ways in which 
two or more people or organisms can inter- 
act with one another. In this book, Steven 
Brams has applied its tenets to exploring 
the ramifications of the possible existence 
of “superior beings’’; while I am not 
shocked by the title of his book, I am 
surprised that nothing of this kind seems to 
have been attempted before. 

Many writers, myself included, have 
tried to look at the problems that would 


xpression) who was directing an organiza- 


“tion as big as the Earth. It may well be 


intrinsically impossible for the superior 
being to allow for some free-will on the part 
of the inhabitants and at the same time 
ensure a fair distribution of rewards and 
punishments. And it may well be that the 
world is learning by its mistakes. Along 
such lines one can look for a partial 
solution of the problem of Evil. 

The author confines himself almost 


entirely to the simplest possible type of 


“game” between an ordinary person (P) 
and a superior being (SB), in which, at each 
play, each participant has only two possible 
courses of action available. Even under 
these severe restrictions, which obviously 


„preclude consideration of some very 
important issues such as redemption, 


»riesthood and the possible existence of the 
Devil, Brams is able to set up and consider a 
wide variety of intriguing questions, such 
as how could SB best “‘reveal’’ himself to P 
and what policy He should follow if P 
commits ‘‘sin’’. 

The principal difficulty with this 


approach is that scientists genuinely do not - 


know what theologians actually mean by 
concepts such as omniscience and omni- 
potence. The author examines the effect of 
using various alternative definitions of his 
own, always taking great care to ensure 
that they are consistent with the exercise of 
free-will by P. Not the least interesting part 


‘y of the investigation is the study of how 





Changes in the definitions can affect the 


outcome of some of the games. 

The newcomer to game theory will find 
many surprises in this book. Two partici- 
pants can play no less than 78 different 
games under the severe restrictions 
mentioned above. As many as 57 of these 
can be described as mathematically non- 


trivial. Incertain games, SB may be obliged 


i Superior Beings: If They Exist, How Would We Know? By Steven J. Brams. 
«Springer-Verlag: 1983. Pp.202. Pbk DM 32, $12.50. g 





to act capriciously (in game-theory 
language this is to use a mixed strategy) in 
order to obtain the best possible outcome. 
Even more surprising is the conclusion that 
in certain games the possession by SB of 
“superior” qualities can lead to a worse 
outcome for SB, if it is assumed that P 
knows about, or guesses at, those qualities. 

We can discuss the game of ‘‘Chicken”’ 
as an illustration. This models two players 
who are on a collision course; the player 
who first gives way is considered to have 
lost face. Each player can choose between 
the two strategies of co-operation (C) and 
non-cooperation (N). The combined 
outcome NN is regarded as a disaster by 
both players who both give it the rating 1 
(worst). The outcome CN is rated 2 (next 
worst) by the first player who chose C but 4 
(best) by the second player who chose N. 
The ratings of NC are mirror images of 
those of CN, while the outcome CCis rated 
3 (second best) by both players. (A game 
would be trivial, ‘not worth playing”, if 
both players gave the same rating to all four 
outcomes.) 

This apparently straightforward game 
gives rise to a paradox. Brams gives a 
simple argument to show that the likely 
outcome of play between equals is CC. 
Now suppose that it is played between SB, 


‘who is omniscient in the sense that he can 


predict P’s choice, and that P is aware of 
this. Now P will undoubtedly choose the 
Strategy N. Why? Because SB, knowing 
this, will be obliged to choose C to avoid 
the disastrous outcome NN. 

Thus, in this not unrealistic model of a 
real encounter, SB’s ‘“‘omniscience’’ has 


both damaged his chances : 
those of P, the outcome CN: 
(2,4) in place of the (3,3) obtainec 
between equals! This is just one of | 
fascinating situations analysed by Brai 
One can go on to consider what happens i 
a game is repeated and players are allowed 
to change their strategies. The conclusio! E 
must be that many of the difficulties facing 
an administrator of the world are encap-- 
sulated in a two-person game such as this. _ 
Brams repeatedly refers to an. earlier 
work, Biblical Games: A Strategic Analysis 
of Stories in the Old Testament (MIT 
Press, 1980), and reports his conclusion 
that the Jehovah of the Old Testament was- 
“a superlative strategist ... driven by 
very humanlike calculations...” . This 
earlier study has, apparently, greatly 
helped Brams in formulating the problems _ 
studied in the present book. Ses 
A few decades ago a work such as this 
would have been rejected (probably 
unread) as frivolous and profane. Had it 
appeared a little earlier still, the conse- 
quences might have been even more — 
drastic, Brams is well aware of this and his 
introduction, explaining what he is trying — 
to do, is a joy to read. His arguments, some - 
of them quite complicated, are presented _ 
clearly and enough background informa- _ 
tion is given to enable the non-expert in _ 
game theory to follow what is going on. 
The claim that the book makes. a 
contribution to solving the problem of Evil 
is justified, but I can hold out no hope that _ 
certain aspects of it will ever be dealt with _ 
along such lines. Why, for example, did the Ki 
horrors perpetrated by the Nazis not 2 
provoke a drastic divine intervention? And _ 
why have the people of Vietnam been _ 
punished for such a long time? Game _ 
theory cannot begin to answer such i 
formidable questions as these. Cs 
Se ace ee TTR eG ee Te 
H.N. V. Temperley was formerly Professor of — 


Applied Mathematics at University College, 
Swansea. : 
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The Evolutionary Biology of Colonizing 
Species. 

By P.A. Parsons. 

Cambridge University Press: 1983. 
Pp. 262. £15, $29.95. 





How do plants and animals colonize new 
places, and new habitats? What are the 
consequences of colonization for the 
genetic structure of populations, and the 
ecological structure of communities? 
These are two questions which touch upon 
many difficult issues in evolutionary 
biology. For example, the boundary of a 


species will often be set by its ability to 


adapt to extreme environments; given the 


rapid and extensive changes which can be ~ 
effected by artificial selection, the definite 
borders of many species have seemed _ 
surprising, and have led to the idea that 


although peripheral populations ‘could, if 


left to themselves, adapt and spread into — 
unoccupied territory, the flow of genes: 


from more central populations prevents — 
adaptations to peripheral conditions, and _ 


so limits the range of the species. This now 
seems unlikely; there are many obser- 
vations of differential adaptation in 


adjacent populations — for example, the - 


sharp gradients in heavy-metal tolerance in. 
grasses living on mines. 5 
We are left, then, with the problem of- 
understanding what restricts the power o 
natural selection in individual populations 
In some sense, the limit must be set by lack 
of suitable genetic variation; but to wha 
extent does the primary restriction come 










from competition with other species, from 
simple physical constraints or from both? 

Populations do sometimes colonize new 

> areas, with a habitat more or less different 
-from the old one; what are the genetic and 

~ ecological consequences? Do new species 

- often form asa result of the drastic changes 

experienced during a colonization event? Is 


>- the continual process of extinction and 


recolonization more important than simple 
diffusion in spreading genes through a 
population (singly or in combination), as 
envisaged by Wright in his ‘‘shifting 
balance” theory? Are the proportions of 
different species at an equilibrium resulting 
from steady competitive pressure, or can 
community structure only be understood in 
terms of continual, stochastic turnover? 

Given the range of these questions, all of 
which might be considered under the title 
The Evolutionary Biology of Colonizing 
Species, this book is disappointingly 
narrow in scope. Although Parsons sets 
out to “‘integrate population genetics and 
ecology in order to develop a more 
coherent theory of evolutionary biology”, 
a laudable aim, his book is almost entirely 
confined to considering the response of a 
few species, each considered in isolation to 
the physical environment. It was Darwin’s 
view that ‘‘the range of the inhabitants of 
any country by no means exclusively 
depends on insensibly changing con- 
ditions, but in large part on the presence of 
other species’’; without considering inter- 
actions between species, one can hardly 
understand their ecology. 

Nearly all species considered by Parsons 
are in the genus Drosophila. A great deal of 
information is presented comparing the 
ranges of different Drosophila species in 
the wild to their responses to physical 
stresses in the laboratory (alcohol vapour 
or extremes of temperature, for example). 
Although this comparative method can be 
fruitful, we may need a better understand- 
ing of the relationship between laboratory 
and field conditions, in a larger number of 
species, before the results can be very 


informative. a 
A more fundamental criticism of the 


book is that difficult distinctions, such as 
those between ‘‘hard’’ and ‘‘soft’’ 
selection, ‘‘structural’’ and ‘‘regulatory”’ 


genes, ‘‘genic’’ or ‘‘organismic”’ selection, 


and “peripheral”? and ‘‘central’’ popu- 
lations, are introduced without any clear 
explanation of their meaning. This is not 
only perplexing for a reader unfamiliar 


with the terminology, but also makes the | 
discussion disturbingly vague; the diffi- | 


culty of testing many of the central 
- questions against field data makes it 
` especially important to frame such 
questions unambiguously. Understanding 
- the evolutionary biology of colonizing 
species will certainly require a synthesis of 
_ population genetics and ecology; but that 
—— remains to beachieved. 2 


Nick Barton is in ‘the D Diépariiment of Genetics 


: and Seats at fle College London. 
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The Origin and Evolution of Planetary 
Atmospheres. 

By Ann Henderson-Sellers. 

Adam Hilger, Bristol/Heyden, Phila- 
delphia: 1983. Pp.236. £19.50, $34. 


Why is Earth unique among the planetary 
bodies of the Solar System in providing an 
environment suitable for life? Why has its 
climate remained stable over the past three 
or four billion years despite probable varia- 
tions in solar output and possible cometary 
or asteroidal collisons? How likely is it that 
stars other than the Sun possess habitable 
zones? Such far-reaching questions have 
been stimulated by the comparative study 
of planetary atmospheres and are address- 
ed by Ann Henderson-Sellers in this survey 
of a complex and highly interdisciplinary 
field. 

All of the planetary bodies in the Solar 
System are considered, including the major 
satellites which do not now have atmos- 
pheres. Only the outer planets, from 
Jupiter to Neptune, have primary atmos- 
pheres little influenced by such evolution- 
ary processes as surface interactions and 
escape. Titan is a fascinating special case, 
with a slowly evolving atmosphere of 
nitrogen, argon and hydrocarbons. 

The questions most relevant to the ex- 
istence of life centre around the role and 


fate of water on the terrestrial planets. Of 
these, Venus appears to have undergone 
catastrophic heating at an early stage, 
leading to evaporative loss of what may 
have been a rich initial endowment of 
water. Water has apparently been an 
important agent of modification of the 
Martian surface, though geological inter- 
pretation of spacecraft images by Michael 
Carr and others, and surface adsorption 
models of Fraser Fanale suggest that liquid 
water may not have been widespread for at 
least the past three billion years. Never- 
theless, large fluctuations in surface 
pressure and climate may occur even now. 
Earth’s climatic stability is all the more 
impressive in the context of its neighbours’ 
catastrophic and fluctuating climates, and 
Henderson-Sellers focuses on the processes 
which control planetary surface 
temperatures, arguing that Earth’s unique 
hydrosphere may be primarily responsible 
for climatic stability. 

Those seeking a self-contained overview 
of the field will be disappointed. In many 
cases, the explanations of the physical and 
chemical controls on atmospheric evolu- 


tion and climate are obscure or incomplete, a 


and one is frequently taken around issue 

rather than to their core. Nevertheless, the 
sweeping perspective and interdisciplinary 
scope of this volume will reward the careful 
reader by calling to mind a host of intrigu- 
ing problems worthy of further explora- 


pram 


tion. Lal 


Conway B. Leovy is in the Department of 
Atmospheric Sciences at the University of 
Washington, Seattle. 
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By John D. Speth. 

University of Chicago Press: 1983. 
Pp.227. Hbk $20, £17; 
pbk $8, £6.80. 











OCCASIONALLY, a single study, by drawing 
together hitherto isolated areas of 
research, invites scientists in a discipline to 
take their work to a new level of synthesis 
and discourse. John Speth’s Bison Kills 
and Bone Counts extends such an 
invitation to zooarchaeologists and to 
everyone who uses faunal evidence from 
archaeological sites to reconstruct past 
human diet. The book’s subtitle, Decision 
Making by Ancient Hunters, signals its 
principal aim: to reconstruct the human 
decisions and actions that created an 


archaeological site, its internal structure | 


and the patterning in its faunal remains. To 
this end, Speth applies the past decade’s 


findings in vertebrate taphonomy and | 
lithic replication studies to reconstruct the 


train of events that formed the Garnsey 


site, a fifteenth-century bison-kill complex 
in New Mexico. He then draws upon 
ethnography, ethnoarchaeology and 
nutritional research to build a case for 
nutritionally conditioned selectivity on the 


part of the bison hunters in their butchery. 


and use of male rather than female bison.. 

The distribution of bones and lithics 
along a small tributary of the Pecos River 
reflects successive kill and butchery epi- 
sodes, spanning nearly a century, These 
kills, according to Michael Wilson’s 
analysis of the bison’s dentitions, took 
place in the spring. From sex ratios of 
crania, Speth suggests that the hunters 
focused on ‘“bull groups’’, the usual social 
grouping of male bison except during rut. 
He explains the presence of females in bone 
clusters supposedly representing bull- 
group kills by noting that non-calving 
females join such associations among 
modern bison, although a kill of at least 


one cow-calf group, also in the spring, is “A 


implied by the presence of some calf 
remains. 

Speth applies recent findings from verte- 
brate taphonomy in analysing the patterns 
of bone representation, state of preserv- 
ation and damage patterns of the bison 
remains, inferring that the assemblage has 


been minimally affected by carnivores or _ 


Bane 
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ae action, He concludes that patterns 
_ of selective bone: representation at Garnsey 
are best understood as direct products of 
human processing activities, 

- Applying met cal discriminators of sex 
to both cranial and postcranial elements, 


..Speth discerns striking differences in the 













represent: f the two sexes’ bones. 
While the of male to female crania is 
6:4 for the site as a whole, that of limb 
elements is reversed, 7:3 in favour of 
females. The ratio of the less portable and 
less useful crania probably reflects that of 
the animals killed, Speth contends, 
whereas the appendicular element ratio 
reflects the highly purposeful selection, 
and removal for eating, of the limbs of 
male animals, with discard of those of 
females. 

To understand why these and other 
female elements, normally of moderate to 
high nutritional yield, were left at the site 
unused, Speth invokes sexually divergent 
regimes of fat storage and metabolism 
among ungulates. The anomalously over- 
represented female bones are in fact those 
most likely to be low in marrow fat and 





“fatty acids under nutritional stress. Calving 


nd lactating bison cows are more likely to 
™be heavily stressed during the spring season 
than are males. Speth argues that the low 
fat and fatty acid content of such female 
limb segments would have reduced their 
attractiveness to human hunters, them- 
selves at the most fat-depleted point in their 
own nutritional cycle. 

To support his contention, Speth 
presents data on human nutrition in 
circumstances of seasonally low carbo- 
hydrate and fat, yet moderate protein avail- 
ability. These data imply that fat, carbo- 
hydrates or both are so fundamental to the 
body’s use of ingested protein and its own 
stored energy that, in such circumstances, 
human hunting and foraging strategies will 


„~ emphasize their recovery. Since such 
a Seasonal scarcities characterize the lives of 


‘4 -Oragers in temperate to arctic régions, 


oan io 


these implications should be of interest to 
anyone practising archaeology in these 
zones. 

Bison Kills and Bone Counts is lucidly 
written. Its clarity, brevity and low cost in 
paperback recommend it particularly as a 
text in university courses on human diet or 
zooarchaeology. But any archaeologist 
should find it good reading, as should 
many students of human nutrition. g 

| 
Diane Gifford-Gonzalez is in the Department of 


Anthropology at the University of California, 
Santa Cruz. 
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4 @ Abraham Pais’s well-received biography of 


Albert Einstein, ‘Subtle is the Lord . . .*, has 
been issued in paperback by Oxford University 
Press. The book was reviewed in Nature (300, 

116; 1982) by Arthur I. Miller who said of it: 

“The level of scientific presentation is high, but 
so are the rewards, and the book fills in one part 
of the mosaic that is Einstein, his life, his times 
and his science’. Price of the paper edition is 
$12. 95, £6.95, 
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Machine Learning: An Artificial 
Intelligence Approach. 

Edited by Ryszard S. Michalski, Jaime G. 
Carbonell and Tom M. Mitchell. 

William Kaufmann (distributed by: 
W.H. Freeman): 1983. 
Pp.572. $39.50, £36.95. 

The Psychology of Human-Computer 
Interaction. 

By S.K. Card, T.P. Moran and A. 
Newell. 

Lawrence Erlbaum: 1983. Pp.469. 
$39.95, £27.50. 








ONE of the most intractable problems in 
artificial intelligence is machine learning. 
Admittedly, programs were written a 
decade ago which could ‘‘learn’’ 
(Winston’s ‘‘concept-learner’’ is one of the 
best known). But all — and usually only — 
the relevant parameters had to be speci- 
fically predefined for these programs. 
Moreover, all the input samples (which 
were presented in a non-arbitrary order) 
were either clear examples or clear counter- 
examples of the concept concerned. For the 
human being, whether adult or baby, life is 
not so kind. Yet we are able to learn from 
the potentially confusing array of rich 
environmental input (of which what other 
people explicitly tell us is a very small part 
indeed). 

If truly powerful machine intelligence is 
to be developed, similar feats of learning 
must be achieved. Quite apart from its 
theoretical interest, machine-learning is 
necessary from the point of view of 
practical applications. For we can control 
the input of information to computer- 
systems only to a limited extent, and what 
we know of human and animal learning 
Suggests that countless presentations of 
slightly varying input are often needed fora 
system to learn. 

The first of the two books reviewed here, 


Machine Learning, is the best source of 


discussions on these problems outside 
specialist conference-proceedings, and is 
indispensable for the serious student of the 


| field. Its 16 chapters describe a variety of 


specific learning-systems in detail. Some of 
these are related to specific applications 
(such as commerce, experimental genetics 
and education), and most explore a 
particular theoretical approach to learning 
which, if valid, could be widely applied. 
For instance, an idea currently attracting 
much interest is the notion of ‘‘version 
spaces”. This programming methodology 
is an attempt to overcome the limitations 
mentioned above, for it allows learning to 


‘Progress by the gradual clarification of a 
“‘grey area” between the known examples 


and the known non-examples. Version- 
spaces (a concept largely developed by one 












of the editors, T. Mitchell) are well de 
cribed in this volume, as is D. Lenat’s work 
on heuristics for discovery, and — 
Michalski’s model of inductive learning. 

Several chapters are of a more general 
nature, focusing on underlying principles 
and providing comparative evaluation | 
different approaches. These. overview: 
the field are stimulating and valua 
There is also a useful 40-page classifie 
bibliography of machine learning. Tt 
book even includes an impish salute to th 
Hegelian dialectic, in the form of a chapter as 
by H. Simon which proposes ‘‘a:thesis to 
which perhaps the other chapters serve as __ 
antitheses’’ — namely, the suggestion that _ 
the best way to approach artificiallearning- _ 
Systems is to concentrate on human — 
learning and its simulation. ae 

The second book under review is co- _ 
written by Simon’s longstanding collab- 
orator A. Newell, and addresses one of the. 
five issues identified by Simon as- 
*‘priorities’’ l 
learning. The Psychology of Human- 
Computer Interaction is an attempt to _ 
understand the performance of people _ 
using interactive computing systems. 

While neither of these books is for the’. 


uninitiated, this one is the less accessible of i 
the two. It presents extremely detailed _ 
performance-studies of specific interactive _ 


skills, based on the (production-system) _ 
approach to psychology which Newell and 2 
Simon have pioneered over the past 30. 


ADVERTISEMENT 
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_ years. For instance, it of fersa model (simù- 
-lation) of text-processing which predicts — 


not only the precise time taken for a user to 
-perform a particular task, but also the 
individual keystrokes involved. These 
concrete case-studies are used as the basis 
for drawing more general conclusions 
regarding psychological matters, and how 
‘they should be taken into account by 
computer scientists when designing arti- 
_ ficial information-processing systems. 
The authors are unashamedly inter- 
disciplinary in their approach, saying ‘“We 
see this book not just as a book in applied 
psychology, but as a book in computer 
science. as well’. They regard certain 
central aspects of computers as being as 
much a function of the nature of human 
beings as of the nature of the computers 
themselves. This is partly because it is 
human beings who have designed 
computers and who wish to use them. Butit 
is also due to the fact that both human 
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R.S. Davidson 


The Colour Science of Dyes and 
Pigments. 

By K. McLaren. 

Adam Hilger, Bristol/ Heyden, 
Philadelphia: 1983. Pp. 185. 

£17.50, $34. 

Organic Chemistry in Colour. 

By P.F. Gordon and P. Gregory. 

Springer-Verlag: 1983. Pp.322. 
DMI78, $66. 
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THE study of colour is one which bridges 
art and science, and industry and academe. 
In both of these books it is clearly evident 
that the authors are fascinated by the 
subject and truly knowledgeable. This, no 
doubt, in part reflects the fact that all three 
of them have spent many years working in 
the dyestuffs industry. 

In his first chapter, McLaren paints a 
most vivid picture of the historical develop- 
< ment of colouring matters, and indeed 
< throughout the book he discusses modern 
achievements and current ideas in relation 
-. to concepts developed years ago. Overall, 
~ heis mainly concerned with colour science, 
that is, the definition of colour and the 
-especially complex topic of its measure- 
Ment, 

“To lead up to a description of the basis of 
= modern colour measurement, McLaren 
covers the process of colour vision and the 
factors which influence perception of 


colour. Succeeding chapters deal with 
|. measurement of colour, colour and 
- measuring instruments, quantification of 


_ colour difference and computer match 
_ prediction. Two. other chapters, covering 


the photophysics and photochemistry of | 


5 colouring matters, and the application of 
i „colouring matters, are fairly well integrated 
with the rest of the book = — 


minds and computers. « 





general principles of information-proces- 
sing which (the authors claim) their 
approach promises to clarify. 

Many things taken for granted in today’s 
technology are not merely inefficient at the 
level of superficial ergonomics, but 
radically mismatch the basic organizing 
principles of mind and machine. This mis- 
match, according to Card et al., is neither 
theoretically nor technologically 
necessary. For example, a more precise 
model of user-performance would have 
encouraged computer-engineers to design 
time-sharing systems in a significantly 
different way. It follows that (precise) 
models of the human user have a place in 
“what every computer scientist should know 
to call himself a computer scientist”. g 





Margaret A. Boden is Professor of Philosophy 
and Psychology at the University of Sussex. 


McLaren writes authoritatively, yetin an 
easy, readable style, and entertainingly 
intersperses his text with anecdotes. For 
example, the ability of men who have taken 
up holy orders to devise palatable and 
health restoring drinks is well-known, but 
to find one who, as early as 1611, dreamt up 
a colour system is rather surprising (that 
man was Sigrid Aron Forsius, a Swedish 
monk and astrologer). The book is 
thoroughly up to date and can be highly 
recommended to students and prac- 
titioners of colour measurement. My only 
criticism, and at that a minor one, is that 
the structural formulae are badly drawn 
and in some cases are incorrect — perhaps 
the author doesn’t like the organic 
chemistry aspects of his subject. 

For that sort of information, one should 
turn to Gordon and Gregory, who deal in 
depth with the chemistry (synthesis and 
properties) of many classes of dye. In con- 
trast to McLaren, they hardly mention 
colour measurement (even though a colour 
map is included in the book!). In many 
respects, therefore, the two books are 
complementary. 

Gordon and Gregory also include an 
excellent chapter on the application and 
fastness of dyes. Another attractive feature 
is provision of a bibliography at the end of 


each chapter which lists references under 


specific headings. I was impressed by this 
book; it is virtually free of typographical 
errors, and the quality of writing is 
generally good. While it is unfortunate that 


the title is so ambiguous, and that the | 


authors have not exploited the usefulness 
of dyestuff chemistry in teaching the 
principles of electrophilic and nucleophilic 


aromatic substitution reactions more fully, 


both teachers and students of colour 
chemistry will find it to be well worth 


reading. G 
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R.S. Davidson is Professor of Organic Chem- 
istry at the City University, London. 
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Common Seaweeds of China. 

Edited by C.K. Tseng. 

Science Press, Beijing: 1983. Pp.316. 
Price not known. 








ALTHOUGH almost every country has one 
or more beautifully illustrated publications 
dealing with native flowers and native 
birds, few have comparable works with 
good colour photographs of the local sea- 
weeds. Japan and Australia have such 
books: the United States and Switzerland 
(perhaps for different reasons) do not. 
Now the Chinese have published a lovely 
volume, in English, lavishly illustrated on 
heavy paper with 149 coloured plates show- 
ing 512 species, including most of the 
major algae of the coasts of China. (It is 
noteworthy that 14 of the plates deal with 
cyanophytes, which tend to be ignored 
altogether in most seaweed floras. 
Bacteriologists will doubtless be pleased.) 
Common Seaweeds of China is not 
merely a coffee-table productio 
however. For every species included, some “ 
50-60% of the total recorded in the 
Chinese marine algal flora, there is a colour 
photograph and a 5-10-line description, in 
technical but clear scientific style, with 
details of form and structure, and plenty of 
dimensions of cells and organs (so 
necessary for identifications, yet all too 
often sadly lacking in other algal texts). 
There is information on distribution on the 
Chinese coasts and elsewhere, and, where 
relevant, mention is made of culinary or 
other uses. The generic and specific 
binomials are accompanied by full 
authorities. The English syntax and 
spelling are almost impeccable. A biblio- 
graphy with 146 references provides a most 


valuable introduction to the Chinese sea- 
weed literature for phycologists elsewher 


in the world. 

In his preface, C.K. Tseng explains that 
the book is not intended to be a working 
manual. There are few technical details 
whereby genera of seaweeds are to be dis- 
tinguished and no diagnostic keys. It could 
hardly be otherwise in a book of this sort. 
Tseng also solicits comments and 
suggestions for future editions, but it is 
hard to find fault except with some of the 
photographs which are really very poor. I 
recognize that many of the species are not 
easy to photograph clearly, especially the 


filamentous forms, but [think it should be _ 


possible to do better. 


Common Seaweeds of China is altogether | B 


quite an achievement. Tseng and his 
colleagues have produced a remarkable 
book, one for which all English-speaking 
phycologists willbe grateful. H 





Ralph A. Lewin is a Professor at the Scripps 
Institution of Oceanography, University of 


California at San Diego. — 
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Superlative specification An unsurpassed range of 
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Full software support Programming manuals are available fo 
most computers with IEEE-488 facilities. Sample programs ar 
provided in BASIC so that you can get your measurement/ 
control system running with minimum delay. coe 


Universal application MICROLINK has been used i 
environments as varied as North Sea oil production plat 
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data logging, experimental monitoring and control, 
environmental monitoring, automatic test and high spe 
te | 
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CHARLES OXNARD 


This important book 
offers a fresh interpret- 
ation, in words and 
pictures, of primate 
relationships. Oxnard’s 
conclusions are based on 
data obtained from a 
series of computer 
approaches to the study 

of biological form, 
research that is compared 
both to the broad back- 
ground of primate 
biology from centuries of 
anatomical study and to 
work from recent decades 
of biomolecular 
investigation. 


Illustrated £20.00 
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software with unique features. . . 


` — all programs extensively refereed and 


operationally tested 


— extensive program manuals usually 


including source code listings 
— free updates for a year, at cost there- 
after 


2 — comprehensive information available 


before ordering 


Elsevier, publisher of many journals in the 


-field of analytical chemistry, including the 


Journal of Chromatography and Analytica 
Chimica Acta, now has a number of soft- 


ware programs available for use on mini- 


| 
; 
F 
| 
“O CLEOPATRA 
| 

7 City _. 
| 
| 
| 
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: h a ands: i 


and microcomputers: 


REFVALUE: calculates reference intervals 


from total hospital-patients laboratory data. 


(Baadenhuysen and Smit) for PDP and HP 85. 


Price: Mini computer 

Dfl. 3025,00/USS 1080,00/£ 756,00/ 
Yen 252,000. 

Micro computer 

Dfi. 1400,00/USS 500,00/S 350,00/ 
Yen 416,700. 
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Please send me further information on: 


[J] REFVALUE I BALANCE 
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-send this coupon to: 


: Keith Foley, Elsevier Scientific Softwore, 
P.O. Box 330, 1000 AH Amsterdam, 
020 - 5803 447) 


SAIR SOENE SPINE 





O INSTRUMENTUNE-UP 


BALANCE: a program to statistically 
compare two series of measurements 
(Massart) for IBM-PC and APPLE. 

Price: 

Df, 420,00/USS 150,00/% 105,00/Yen 35,000. 


and in preparation 





CLEOPATRA: Chemometrics Library: an ia 
Extendable set Of Programs as an Aid in Son 
Teaching, Research and Application. 
(Kateman) for IBM-PC and HP 9845 B. 

Price: 

Dfi, 1680,00/US$ 600,00/S 420,00/ 

Yen 140,000. 


INSTRUMENTUNE-UP: helps the user fo 
improve the performance of common 
scientific laboratory instruments (Deming 
and Voga for IBM-PC and APPLE. 


Price 
DFL 420, 00/US$ 150, 00/5. 105, 00/Yen 35,000. 


| COME AND SEE OUR DEMONSTRATIONS Bi 
AT THE PITTSBURGH CONFERENCE, = 


ATLANTIC CITY, MARCH 5-8, 1984. 


| Booth Nos. 3025-3029. 
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| 
John Tagler, Elsevier Scientific Software (NASD), |- 
52 Vanderbilt Ave, New York, NY 10047. 3 


: (212) 867 9040) 
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© Graphic Information Systems is 
exhibiting the latest in its range of Imagan 
image analysis systems at the Pittsburgh 
Conference. Quantitative analyses of 
medical conditions can be made from 
photographs and slides. The new Imagan 
system provides a range of statistical and 
stereological analysis packages. 

Circle No. 100 on Reader Service Card. 


@ A 5’-labelling kit is available from 
Boehringer Mannheim in which the 
reaction conditions have been optimized to 
give maximal labelling of the 5’-hydroxyl 
terminals of DNA. In the direct 
phosphorylation reaction, the amount of 
“ DNA and enzyme has been adjusted to 


= { Maximize dephosphorylation and phos- 





=“ phorylation. Using the recommended ratio 
of ATP to 5’-hydroxyl ends of 5:1, the 
majority of the DNA molecules receive a 
*2P-group at their 5’ ends. Each kit allows 
up to 200 umol of the control DNA 
fragments to be labelled. Complete 
working instructions are available on 
request. 
Circle No. 101 on Reader Service Card. 


@ Hach has introduced a new combin- 
ation pH electrode. The new model is 
designed to reduce the problems associated 
with combination electrodes operating at 
low temperatures caused by a build-up of 
solids in the porous plug. Hach’s injection 
_ flow combination electrode reduces this 
and can operate at sub-zero temperatures. 


-f Circle No. 102 on Reader Service Card. 


@ Schoeffel McPherson’s model 25] 
spectrometer, which is being exhibited at 
Pittsburgh, is available in the UK through 
Intersci. 

Circle No. 103 on Reader Service Card. 


@ Labconco has designed a stainless steel 
hood for use when handling perchloric 
acid. The perchloric acid hood has an 
integral washdown system which helps 
prevent accumulation of perchlorates. The 
seamiess interior has no screws or hollow 
fasteners to contain any residue. The hood 
has an air foil and automatic air bypass to 
“assure continued sweeping action and to 
give sufficient velocity for fume removal. 
Circle No. 104 on Reader Service Card. 













These notes are based on information 
provided by the manufacturers. For further 
details circle the appropriate numbers on the 
Reader Service Card bound inside the 
| journal, 






PRODUCT REVIEW 


irgh Conference 


om) anies featured in this week’s 
be held in Atlantic Cit 


© The first in a new line of monoclonal 
antibodies has been introduced by 
Boehringer Mannheim. The type I anti- 
body is specific for choline acetyltrans- 
ferase and may be used for the immuno- 
histochemical localization of choline acetyl- 
transferase by indirect immunofluor- 
escence, avidin-biotin or peroxidase~anti- 
peroxidase (PAP) methods. Cross 
reactivity is shown with choline acetyl- 
transferase from humans, rats, chickens 
and pigs. The preparation is available in a 
stabilized, lyophilized form. 
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@ The new SDS calibration protein set 
from Boehringer Mannheim covers a 
molecular weight range of 20,000 to 
340,000. The five proteins are individually 
packaged as solutions in glycerol (0.4 mg 
each). Up to 80 runs may be performed on 
most of the usual gel systems (Shapiro, 
Weber and Laemmli) with this kit. 

Circle No. 106 on Reader Service Card. 


@ The new Varian 3400 gas chroma- 
tograph (GC) is small and easy to use. It has 
a built-in microprocessor that controls all 
the GC functions including autosampler 
control, external event relays, of which 
there are four, multi-ramp oven temper- 
ature programming, detector range and 
auto-zero. The VA 3400 has bidirectional 
RS-232C communication and can be mated 
with the Vista 402 data system. 

Circle No. 107 on Reader Service Card. 


ee 


Brinkmann’s Instruments’ Lauda Tensiometer 


pages are all exhibiting at the Pittsburgh 
, New Jersey, USA from 5 to 9 March 1984 





© Two new glycohydrolases have been 
introduced by Boehringer Mannheim for- 
use in the removal of sugars from glyco- 
proteins and in the analysis and structural 
study of glycopeptides. Endoglycosidase D- 
hydrolyses glycopeptides belonging to the 
complex chain group, such as unit B glyco- < 
peptides of thyroglobulin and: glyco- 
peptides from cell membranes. Endoglyco- | 
sidase H hydrolyses core dinitroacetyl- 
chitobiose linkages in high-mannose glyco- 
peptides such as ovalbumin glyco. 
peptides. | 
Circle No, 108 on Reader Service Card. 


@Methylase Hpall which is free from Hpalt 
methylase, Hpal restricition endonuclease, 

Hpall restriction endonulease and non- 

specific DNases can now be obtained from 
Boehringer Mannheim. The preparationis 
supplied in Tris buffer at a volume activity. 
of approximately 1 unit per pl. ee 
Circle No. 109 on Reader Service Card. 


© Brinkmann Instruments has introduced — 

the Lauda Tensiometer. This automatically 
measures and records the surface tension _ 
of liquids and the interfacial tension — 
between two liquids as a function of time. _ 
The Tensiometer consists of a measuring 
device and control unit (power 
supply/amplifier). The de Nouy ting and 
Wilhelmy plate are used as measuring - 
probes. A recorder and a constant tem- 
perature circulator are necessary accessories, — 

Circle No. 110 on Reader Service Card. 
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© The Wenking Potentio-Galvano-Scan 
model PGS 81, a combination medium 
power potentiostat (galvanostat)/high- 
accuracy scanner, is now available from 
Brinkmann. The model PGS 81 records 
current-density against potential charac- 
teristics. Potential and current settings can 
be selected in the range of +5V (+1A). 
Buffer-converted and grounded low 
impedance outputs are provided for 
connection to x-y recorders or oscillo- 
scopes, 

Circle No. 111 on Reader Service Card. 


è J.T. Baker Research Products can now 
supply the Bakerbond chiral phase 
DNBPG) column. This consists of high 
enantomeric purity (R), N-3,5-dinitro- 
benzoyl-phenylglycine that is bonded 
-covalently to 5-um aminopropyl silica gel. 
Due to the covalent bonding of the chiral 
stationary phase, the column may be used 
with high-polarity mobile phases. 
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@Elsevier is introducing a series of 
software packages dealing with analytical 
chemistry. Four programs are being intro- 
duced initially. These are Refvalue, 
Balance, Cleopatra and Instrumentune- 
up. Refvalue is a software package that 
calculates reference intervals from total 
hospital patients laboratory data, and 
Balance is a program to compare two series 
of measurements. This package includes 
classical parametric and non-parametric 
tests. These can be used to investigate 
whether, for instance, two medical treat- 
ments, two drugs, or two analytical 
methods yield the same result. Cleopatra is 
an extendable set of programs covering the 
chemometrics library which is intended to 
be an aid in teaching and research. 
Instrumentune-up is an experimental 
optimization program. 

Circle No. 113 on Reader Service Card. 


@ Corning Medical and Scientific has 
introduced the new Gilford SBA-300 
selective batching analyser. The SBA-300 
carries out batch analysis of samples for 
enzymes, substrates and drugs and has a 
work load management system. It is 
intended for use in small to medium-sized 
laboratories, and as a specialist analyser 
within the large central clinical bio- 
chemistry laboratory. The SBA-300 is a 
replacement for the Gilford 203-5 
analyser, and incorporates features found 


hour for 
end-point. chemistries. 
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è Bio-Rad now offers ion exchange - 


chromatography columns packed with a 
new medium designed for the analysis and 
purification of ionizable biochemical sub- 
stances. This new medium is a derivative of 
the Bio-Sil TSK SW packing material and 
provides a complement to the Bio-Sil TSK 
SW gel filtration columns. The ion 
exchange matrices are hydrophilic and 
exhibit low hydrophobic adsorption. The 
rigidity of the medium allows rapid regen- 
eration at high flow rates. Aqueous buffers 
and most organic solvents in the pH range 
2.57.5 can be used without shrinking and 
swelling. Denaturants and non-ionic 
surfactants can also be used. 

Circle No. 115 on Reader Service Card. 


@ The 0700 laboratory X-ray fluorescence 
system from Kevex provides a quantitative 
method of simultaneous multi-element 
analysis that does not alter the chemical or 
physical properties of the sample. Up to 24 
samples can be loaded into the 0700 and 
analysed using direct, filtered direct or 
secondary excitation. All the 0700’s acces- 
sible functions are under microprocessor 
control and manual control consists of 
direct instruction to the microprocessor via 
the 0700 front panel keypad. User and 
microprocessor selectable parameters 
include: sample position, direct or 
secondary target X-ray tube position; X- 
ray high voltage, X-ray tube current and 
transmission filter/collimator selection. 
When low mass samples need to be 
analysed, such as filter papers or thin film 
substrates, a large collimator can be placed 
between the tube and the sample. As both 
systems ensure saturation of the 
detector/counting electronics, there is no 
reduction in the counting ratios or 
stabilities. A set of six pure element targets 


is provided for secondary excitation and: 


these can also be used in conjunction with 
filters to remove residual scattered tube 
continuum. The system has a combined 
mechanical and counting error of 0.5%. 
Circle No. 116 on Reader Service Card. 


The 0700 system from K ever | 





è Perkin-Elmer’s chromatography 
laboratory automation software (C/LAS) 
package is designed to give chroma- 
tography automation. The C/LAS module 
is the newest addition to Perkin-Elmer’s 
laboratory information management 
system (LIMS/2000). It can be used either : 
as a stand-alone system for automated 
chromatography runs or can operate as an 
integral part of LIMS/2000 with complete 
links to the LIMS/2000 database. Using 
C/LAS, data can be collected from up to 72 
chromatographs and passed through an 
analog-to-digital converter to a Perkin- 
Elmer 3200 series minicomputer for data 
reduction. The system features a 32-bit 
minicomputer and a buffered interface for 
high-speed data collection on up to 72 
channels, interactive colour graphics and a 
range of terminals, graphics workstations, 
printers and plotters. 
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è The TIME (twelve-way inoculating 
made easy) dispenser from Dynatech 
Laboratories is a sterile, disposable poly- 
styrene dispenser which delivers 100 ul per 


well of liquid into a 96-well Microtiter mm, 


plate. The dispenser may be used in feeding 
cell cultures, dispensing aetiologic agents 
and delivering conjugates in ELISA 
methods. With each stroke of the plunger, 
12 wells are filled at once with 100 yl of 
liquid. The built-in reservoir holds enough 
liquid to fill a 96-well plate. 

Circle No. 118 on Reader Service Card. 


@ The Sarpette pipetting sample handling 
system is now available from Sarstedt. 
Sarpettes are colour-coded and provided in 
two models, both of which can be used with 
disposable Sarpette tips or adapted for 
standard glass or plastic pipettes. Model I 
Sarpettes are available in three sizes whilst 
model II Sarpettes come in six sizes and 
have click stop calibrations for repetitive 


proportional dispensing of volumes ing, 


identical aliquots. 
Circle No. 119 on Reader Service Card. 





Dynatech ’s TIME dispenser 











ARS 





PRODUCT REVIEW 


The Mega series gas chromatograph Jrom Erba Instruments 


® Erba Instruments is introducing a new 
Mega series gas chromatograph (GC) for 
high resolution chromatography at the 


, Pittsburgh Conference, The Mega series 


as a new oven design which, when 


‘combined with new columns, allows for a 


‘thermally quiet’ zone where temperature 
readings can be carried out to within 0.05% 
of actual temperature. The system can be 
supplied with a microprocessor-based 
control system or a fully-programmable 
computer. Features of the series include 
injector/detector systems for packed 
columns and Grob split/splitless and cold 
on-column capillary injectors. The system 
can be adapted for automatic operation by 
adding the automatic liquid injector (AS-V 
570) or automatic headspace analyser 
(HS 250). 
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»»,@ Spectra-Physics is showing its line of 









~»tiquid chromatographs, gas chroma- 
£ tographs, and data systems at the Pitts- 


burgh Conference. The company will also 
demonstrate a new Labnet computer which 
enables a chemist to control an entire chro- 
matography laboratory from a single work 
station. The data systems are suplied in 
customized forms using the new Spectra- 
Physics special purpose software 
programs, the (SP)? series of pre- 
programmed chips. The (SP) chips can be 
plugged into the instrument, to customize 
it for applications such as automated sepa- 
ration optimization (Optim I), size 
exclusion chromatography (GPC), and 


UV/visible spectra acquisition (Autoscan). 


The chips can be used with the SP8100 
automated HPLC system, the SP8700 
modular ternary HPLC system and the 
SP8770 high performance isocratic liquid 


‘chromatograph. Also available in the (SP)? 


series are the autosampler control program 


and boiling range distribution (SIMDIS) 


program for the SP7100 gas chroma- 


tograph, | 
_ Circle No. 121 on Reader Service Card. 


@® Nelson Analytical’s new model 6000 
data system joins the company’s dedicated 
chromatography software to the new HP 
1000 series Micro 26 minicomputer. The 
model 6000 can handle more than 30 
chromatographs simultaneously, each 
generating up to 100 data points per 
second. It is compatible with Nelson 
Analytical’s chromatography data 
systems, which are based on HP 200 series 
desktop computers. The system can run 
256 program tasks simultaneously, The 
standard model 6000 system consists of a 
processor, a graphics terminal, Nelson 
Analytical instrument interfaces and the 
model 6000 software. 
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è An acrylamide medium is now available 
from Gallard Schlesinger. The product has 
an acrylic acid content of less than 0.001 % 
and. contains less than 0.001%. of 


insolubles. This electrophoresis grade 


reagent allows for production of clear 
solutions and transparent gels and is 
available in 100 and 500 g packages. 
Circle No. 123 on Reader Service Card. 


© The CALS (computer automated labor- 


atory system) from Beckman can control | 


laboratory management, data handling, 
reports, storage and retrieval of data. 
CALS acquires data from chroma- 
tographs, spectrometers and physical test 
equipment, accepts analog or digital 
outputs and will take in manually-entered 
data via cathode ray tube terminals. The 
instrument’s functions include sample log- 
in, automatic instrument Operations and 
data acquisition; data display; multi-point 
calibration and comparison with 
standards. The system can be expanded. 


The software options offered include auto- | 


analyser data analysis, calibration and 
reporting, sample tracking, status moni- 
toring and laboratory data base manage- 
ment, pe er oe ae ee 
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reactions can be measured b 
absorption or fluorescence us 
Dionex D-100 series stopped-flow 
photometers and associated accessories. 
The insruments are based on. the Gibson 
design and are used to measure reaction : 
time constants using small sample sizes. 
They operate in therange of millisecondsto 
minutes. The system features optics for a — 
wide range of wavelengths and a Kel-F flow - 
system for maximum chemical inertness, 
Circle No. 125 on Reader Service Card. | 





è A centre well flask is available from - 
Kontes that can be used for metabolic — 
studies of biological materials. The unit — 
consists of disposable polypropylene _ 
centre wells and double-seal rubber _ 
stoppers, and reuseable 10 or 25 ml boro- S 
silicate Erlenmeyer flasks. The stoppers 


will accommodate any vessel witha l4mm 


mouth. Applications include measuring _ 
CO, yields following incubation, in vitro ee 
incubations, insulin bioassays, persul- : 
phate oxidations and the distillation of any: 
volatile acid or base. : 
Circle No. 126 on Reader Service Card. 


@ The Response UV/visible scanning _ 


spectrophotometer is now available from 


Gilford. Using a 16-bit microprocessor, the 
instrument’s autoranging photometric op 
system provides up to 40 readings per 


second. The standard software package — 


includes wavelength scanning, kinetics, gel 
scanning, multiwavelength scanning and 
time scanning routines. Accessories are. £ 
available that can accommodate 1, 5Sand10 
cm cuvettes, rapid sampling and flow cell 
accessories and gels of up to 20 cm. 
Circle No. 127 on Reader Service Card. 
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preparation of stable unilamellar liposomes of defined size 
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Burdick & Jackson's solvents 





@ Burdick & Jackson Laboratories has 
added decahydronaphthalene and 
1,2,4-trichlorobenzene to its line of B&J 
brand solvents for gel permeating chroma- 
tography (GPC) and polymer additive 
analysis. For high temperature gel 
permeating chromatography (HTGPC), 
trichlorobenzene is an alternative to 
o-dichlorobenzene for the analysis of 
polyolefins and other polymers. 

Decahydronaphthalene is useful primarily 
for determination of polymer additives 
such as BHT and also for GPC of polymers. 
Circle No. 128 on Reader Service Card. 


@ The Magiscan 2 is a new image analysis 
system from Joyce-Loebl which is driven 
mostly by software. It extracts and analyses 
information not only from optical or 
electron microscopes but also from 
photographs, negatives, film or real life 
images. The system is now available with 
pseudo-colour. The image processing itself 
is performed by selecting options from an 
interactive menu which guides the user 
through the correct sequence of 
commands. During routine analysis, the 
operator may change the illumination or 
other conditions in order to achieve 
accurate results. These results may then be 
used in graphic or standard statistical 
form on the television screen or printer. 
Circle No. 129 on Reader Service Card. 


@ The Astramax ultrasonic cleaning and 
vapour degreasing systems are now avail- 
able from Heat Systems Ultrasonic. These 
units use ultrasonic cavitation to dislodge 
contaminants. The Astramax is available in 
several sizes with either 25 kHz or 40 kHz 
generators. Separate generator and trans- 
ducer systems are available to add ultra- 
sonic energy to existing tank systems. 
Cleaning compounds for use with the 
system are also available from the manu- 
facturer, Ultrasonic vapour degreasers are 
designed to be used with volatile solvents 
such as freon or trichlorethylene when the 
contaminant is not water soluble or when 
rapid drying of the part is required. 
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Mettler’s balance 


@ Mettler has developed the LabPac, a 
system that converts standard laboratory 
balances into multifunction balances. The 
basic instrument is a Mettler PE balance 
although the actual LabPac consists of a 
GE305 application input device and four 
program keys for determining net total, 
percent determinations and percentage 
weighings, animal weighing, mean value 
(x) and standard deviations and result indi- 
cations in non-metric weight units. 
Depending on the key that is inserted, the 
balance is programmed for the desired 
application. Each balance is operated with 
the time-tested Mettler automatic single 
control bar and the three buttons of the 
GE305 application input device. The uni- 
directional data output (current loop and 
RE232C data interface standards) allows 
data to pass to peripheral instruments. 
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@ Pharmacia Fine Chemicals has 
developed a new pH monitor which, when 
used in conjunction with its flow-through 
pH electrode, gives continuous pH 
monitoring in liquid chromatography. The 
pH monitor with a flow cell is suitable for 
both fast protein liquid chromatography 
(FPLC) and HPLC. The dead volume of 
the flow-through pH electrode is 30 ul 
which prevents the remixing of previously 
separated components and guarantees a 
reliable reproducible recording of pH 
changes in column eluent. The monitor’s 
liquid crystal display shows the correct pH 
at all times and also plots the pH contin- 
uously over a chosen range. The incor- 
porated span function enables the pH 
measuring range to be adjusted between 
0.05 and 14 pH. The pH monitor also 
incorporates a high input impedance for 
amplifying and measuring small signals 
which is accurate to within +0.01 pH units. 
Fluctuations in temperature give a low pH 
drift of <0.005 pH units per °C. The flow- 
through pH electrode consists of a flow- 
cell and a fast-response, epoxy-bodied 
microelectrode screwed together to forma 
single unit. 
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Me 


, oded a a new eda in mass 
spectrometry: the MS 50 TC. The spectro- 
-meter has a 7,500 mass range at full power 





(due to new inhomogeneous field optics), 
and a turbomolecular pump. Other 
important features include a range of inlet: 
systems such as gas chromatography, 

liquid chromatography, post acceleration 

detector for high mass FAB and self-diag- 

nostic facilities. The system also has touch 

control switches, a central microprocessor 

for setting and controlling all mass spectro- 

metry functions and a keyboard controlled 

autoconsole. 

Circle No. 133 on Reader Service Card. 





The Kevex Microanalyst 8000 


@ The Kevex Microanalyst 8000 is a full- 
signal qualitative and quantitative micro- 
analysis system. It produces line profiles 
and digital images using X rays, back- 
scattered electrons, transmitted electrons 
and Auger electrons. It can also accept 


“wavelength dispersive X-ray signals as well 


as energy dispersive signals. The Micro- 
analyst 8000’s analytical power is derived 
from the Quantex-Ray II software, which 


can control automatic peak detection andet > 


identification routines, a choice of back- 
ground-fitting programs, peak-fitting 
routines for complex deconvolutions and 
can carry out Magic V ZAF corrections 
using reference standards. In order to 
speed up data analysis, the Quantex-Ray IH 
package can be used with Hyperdrive. This 
is a solid-state mass storage system which 
allows memory access to be 25 times as fast 
as conventional disk storage systems and 
offers a 4-Mbyte storage capacity. Its 
transfer speed is 380 kbyte s* and there is 
no latency. The conventional disk system is 
preserved for lower priority or large 
volume storage. The Microanalyst 8000 has 
a colour display with a matrix of 512 x 256. 
individually-addressable pixels. 
instrument can be controlled vocally. The 
Microanalyst 8000 has a unique voice 
recognition capability which allows it to 
recognise and execute spoken commands. 
All the operator has to do is to teach the 
computer the vocal instruction it must 
recognise. 

Circle No. 1340n Reader Service Card. 












The ` 








Where can nyoutun to get the crucial information you 

need and d get it all in one stimulating publication? 
Join thousands of your associates in leading 
corporations and institutions who benefit each 

< month from the largest and most influential 

¿= publication of its kind. 

+- SUBSCRIBE TO BIO/TECHNOLOGY 

The international Journal of Biology and Industry 


In every monthly issue, you'll find: 
News reports 
From correspondents around the world. New ventures, 
marketing agreements, research breakthroughs, new 
patents, government activities and types of information 
about your competitors that you won't find in any other 
pa publication. 


‘eature articles 


‘Examining i in detail new discoveries and techniques as 
they apply to health care, foods and beverages, chemicals, 
agriculture, animal health, energy and environmental 
management. 


Profiles of leading corporations 
In-depth studies of the leaders in the field. 


Original research papers and reviews 
Contributed each month by noted researchers in academia 
and industry. 
Technology reports 
From renowned experts in microbiology, chemical 

_ engineering, marketing, finance and government policy. 
»yInternational patents 
f Recently issued from around the world are rapidly 
searched, edited and published each month. 
New resources and tools of biotechnology 
Presented and discussed as soon as they become available. 






mo 


_BIOTECHNOLOGISTS! _ 









In just one year, BIO/TECHNOLOGY has become the 
authoritative forum for the crucial ideas, analysis and 
information needed for innovative research and — 
profitable product development in biotechnology: 


SUBSCRIBE TODAY to achieve the greatest possible 
SUCCESS iN your pursuit Of industrial innovation thro gh : 





sistas —. 


ENGINEERING 
TOMORROW'S 
VACCINES 





n RE T 800-824-7886 (Operator 799) 
cai Tou FREE NOW roni ee in California: B00-B52- a aaeli, 
Operator on Duty 24 hours’? days a week. Give operata code TADI 


DETACH THIS FORM AND SEND IT OFF TODAY TO: 









_ Felicity Parker or Mirta Soto 
“Bio/Technology. Bio/Technology 
Macmillan Journals Ltd 15 East 26th Street 
- Houndmills New York 
Basingstoke RG21 2X§ NY 10010 
_ UK USA 
~* Please tick appropriate boxes: 
[J YES, | want a full aie subscription (12 monthly i issues) to 
Blo/Technology at 
[JUS $78 (US & Canada} Y nonus 
(]£70| UKI J EA E 





[]¥45,000 (Japan) - 
© [_JA$130 (Australia & New Zealand} 
Oo US $112 (Rest of the World} 





[_]! enclose my cheque made payable to ne 


[_] Please charge my credit card account 
Mastercard/Visa/American Express 


Account No. eel ee ae 
Card expiry date 
[“] Please bill me 


Signature 

















Postal/Zip Code 








: The contents will include: 


ox Original papers 
-= on methods used to evaluate the efficacy and 
Safety of drugs in man 
~ with emphasis on the validation of these 
methods 
~ covering human pharmacology, clinical re- 
search, drug epidemiology, and safety surveil- 
lance aes | 
and especially the application of new methods to 
drug testing 


* Abstracts of methodological studies pub- 
“lished elsewhere 


- either used already in the context of drug inves- 
tigation | 

~ or methods suitable for drug evaluation 

| x Invited reviews on topics related to phar- 
_ maceutical medicine 

x Editorials and Commentaries 
- offering opinions 
— high-lighting problems 

x Correspondence, Book Reviews, and Calendar 
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The Association for Radiation Research 
has awarded the Weiss medal jointly to 
Professor D. Schulte-Frohlinde and 
Professor C. von Sonntag, both of the 
Institut fur Strahlenchemie im Max-Planck 
Institut fur Kohlenforschung, Mulheim 
a.d. Ruhr, FRG, for their work on the 
radiation chemistry of DNA and its 
components. 


“; Nominations are invited for the King Faisal 
= {Ç International Prizes in medicine and 
‘science. The prize for medicine is to be 
awarded for work on viral hepatitis and the 
prize for science is for contributions to bio- 
chemistry. Each prize consists of a certi- 
ficate, a medal and the sum of 250,000 
Saudi Riyals (£51,000). Nominees must 
satisfy the following conditions: they must 
have published an outstanding academic 
work in the relevant subject which will lead 
to the benefit of mankind and the enrich- 
ment of human thought and they must be 
leading members of recognised educational 
institutions of world-wide fame. Works 
submitted for the nomination must not 
have been awarded a prize by any inter- 
national educational establishment. Ten 
„ Copies of nominations, which must contain 
. details of the nominee’s entire academic 
a Istory since this will be taken into account 
when awarding the prize, must be 
submitted by 9 August, 1984. Further 
information is available from the Secretary 
General of the King Faisal International 
Prize, PO Box 22476, Riyadh 11495, 
Kingdom of Saudi Arabia. 









Meetings 

12-13 April, Meeting on Determinants of 
Phytoplankton Distribution, Swansea, UK 
(Professor P.J. Syrett, Department of 
„Botany and Microbiology, University Col- 
lege of Swansea, Singleton Park, Swansea 
SA2 8PP, UK). 

25 April, The William Smith Meeting of the 
Geological Society of London — A 
Theoretical Framework for the Pleistocene 
Ice Ages, London (Ms Caroline Symonds, 
Administrative Secretary, Geological 
Society of London, Burlington House, 
London WIV OJU, UK). 





—— ANNOUNCEMENTS 


8-9 May, European Meeting of the Society 
for Environmental Geochemistry and 
Health, Birmingham, UK (Dr B.E. Davies, 
Department of Geography, University 
College of Wales, Penglais, Aberystwyth, 
Dyfed SY23 3DB, UK). 

20-24 May, Annual Conference of the 
American Society of Photographic Scien- 
tists — State of the Art in Image 
Technology, Boston (Mr Robert Wood, 
7003 Kilworth Lane, Springfield, Virginia 
22151, USA). 

21-23 May, International Congress on 
New Compounds in Biological and 
Chemical Warfare: Toxological Evalua- 
tion, University of Ghent, Belgium 
(Professor A. Heyndrickx, Department of 
Toxicology, State University of Ghent, 
Hospitaalstraat 13, B-9000 Ghent, 
Belgium). 

23-25 May, International Symposium on 
Electric and Magnetic Separation and 
Filtration Technology, Antwerp, Belgium 
(K.VIV, Symposium Electric and Magnetic 
Separation, Jan van Rijswijcklaan 58, 
B-2018 Antwerp, Belgium). 

1-3 June, Symposium. on Cancer and 
Genetics in 1984, Essen, FRG (Professor 
Eberhard Passarge, Vice President of the 
European Society of Human Genetics, 
Department of Human Genetics, Universi- 
ty of Essen, FRG), 

3-8 June, Conference on Water Chiorina- 
tion: Environmental Impact and Health 
Effects, Williamsburg, Virginia (Mr 
Robert Jolley, Oak Ridge National 
Laboratory, PO Box X, Oak Ridge, Ten- 
nessee 37830, USA). 

3-8 June, Copenhagen International Sym- 
posium on Osteoporosis, Copenhagen (Mr 
Claus Christiansen, Department of 
Clinical Chemistry, Glostrup Hospital, 
University of Copenhagen, 2600 Glostrup, 
Denmark). 

4-8 June, School on Mathematical Model- 
ling in Physiology and Clinical Medicine, 
University of Padua, Italy (Professor C. 
Cobelli, Department. of Electrical 
Engineering and Electronics, University of 
Padua, Via Gradenigo, 6A 35131 Padova, 
Italy). 

7-10 June, International Symposium on 


| Rapid Methods and Automation in Micro- 


biology and immunology, Berlin (Professor 
K.-O. Habermehl, Institute of Clinical and 
Experimental Virology of the Free Univer- 
sity of Berlin, Hindenburgdamm 27, 
D-1000 Berlin 45, FRG). 

9-15 June, International Cystic Fibrosis 
Congress, Brighton, UK (9th International 
CF Congress 1984, Cystic Fibrosis 
Research Trust, 5 Blyth Road, Bromley, 
Kent BRI 3RS, UK). 

13~23 June, International Wetland Con- 
ference, Trebon, Czechoslovakia (Dr Den- 
nis Whigham, Smithsonian Environmental 
Research Center, Box 28, Edgewater, 










Maryland 21037, USA). = 
17-20 June, Annual Meeting of the Socie 
for Cutaneous Ultrastructure Resear 
Helsinki University, Finland (Dr 
Maria Niemi, Secretary of the Organ 
Committee, Department of Dermatolo 
Helsinki University Hospital, Snellman- 
inkatu 14, Helsinki 17, Finland). = o 
18-20 June, International Conference on 
Chromatography and Mass Spectrometry 
in Biomedical Sciences, Milan; Italy (Dr 
Alberto Frigerio, Italian Group for Mass 
Spectrometry in Biochemistry and 
Medicine, Via Eustachi 36-20129 Milan, 
Italy). eee 
18-22 June, International Symposium on 
Nuclear Power Plant Outage Experience, _ 
Karlsruhe, FRG (International Atomic 
Energy Agency, Wagramerstrasse 5, PO | 
Box 100, A-1400 Vienna, Austria), © as 
19-22 June, International Conference on _ 
Abundance Ratios in the Solar System, _ 
Paris (Centre National d’Etudes Spatiales, _ 
Département des Affaires Universitaires, 
18, avenue Edouard-Belin, 31055 
Toulouse, France). ee 
19-23 June, Congress of the Collegium _ 
Internationale Neuropsychopharmaco- _ 
logicum, Florence, Italy (Dr Giorgio | 
Racagni, Institute of Pharmacology and 
Pharmacognosy, University of Milan, Via 
Andrea del Sarto, 21-20129 Milan, Italy). 
21-23 June, International Workshop on _ 
Voice Prosthesis, University of Wuerz- ie 
burg, FRG (Professor LF. Hermann, — 
Department of Otolaryngology, University _ 
of Wuerzburg, D-8700 Wuerzburg, FRG). = 
24-28 June, Physiological and Pharma- _ 
cological Control of Nervous System 
Development, Chieti, Italy (Organizing 
Secretariat, Fondazione Giovanni Loren- 
zini, Via Montenapoleone, 23-20121 
Milan, Italy). act 
24-29 June, Course on Constructivism To- 
day, Theory and Research, Geneva (Ar- 
chives Jean Piaget, Université de Genève, 
6, rue de Saussure, 1211 Genève 4, — 
Switzerland). | 
25-29 June Conference on Chemical 
Research Applied to World Needs, The 
Hague, The Netherlands (CHEMRAWN 
HI Congress Bureau, QLT Convention _ 
Services, Keizersgracht 792, 1 017 EC + 
Amsterdam, The Netherlands). eh 
26-30 June, Symposium on Science in — 
Egyptology, Manchester, UK (The Man- © 
chester Mummy Research Team, Man- 
Chester Museum, The University, Man- 
chester M13 9PL, UK). B 
27-30 June, Symposium on Nucleo- 
synthesis and Acceleration of Cosm 
Rays, Graz, Austria (Lydie Kog 
Miramond, CEN Saclay, DPhG/SAp - 
Batiment 28, 91191 Gif sur Yvette, 
France). oe 








technics, however, still have a growing 


__. students graduating in the United Kingdom 
in 1984, an increase of about 2 per cent over 





Improving job prospects ahead? 


Richard Pearson* 





`The long-awaited upturn in the UK job market could be in sight. But graduates 


may be faced with a limited choice. 


THE latest forecasts for UK graduate job 
prospects in 1984 show a cautious growth 
in demand. The oil and chemical industries 
are showing some signs of improvement, 
while general engineering, manufacturing 
and civil engineering may be picking them- 
selves up from the doldrums and increasing 
their intake of graduates. In the service 
sector there seems to be some further 
growth in demand for jobs in retailing, 
although banking, accountancy and 
-central and local government, all major 
recruiters, seem to have stabilized their 
intakes. Higher education still has few jobs 
for new graduates and postgraduates; 
those that do appear are still predomin- 
antly short-term contracts. 

It is the electronics and computer 
industries which continue to be the growth 
sectors, with some major UK employers 
doubling their number of graduate 
vacancies in 1984 when compared to the 
“flat” years of 1981-83. For example, one 
© of the multinationals is increasing its 
planned intake from 200 to over 500. While 
electronics graduates are profiting the most 
from this upturn, there is a spill-over effect 
as employers. widen their net to include 
physicists and mathematicians. Employers 
are also seeking small numbers of chemists 
and materials scientists. In computing, 
demand is still growing, and most of the 
vacancies are likely to be available to grad- 
uates from any discipline. It must not be 
forgotten, however, that some major 
companies were unable to find sufficient 
recruits in 1983. 

The slight improvement in demand has 
to be set against the continuing increase in 
the number of new graduates seeking jobs. 
- The number graduating with first degrees 

- from the universities is expected to fall for 
.. the first time in 1984, down by perhaps 
3 per cent to about 65,000. The poly- 


"number of graduates, around 25,000 in 
1984, to whom should be added over 
- 20,000 postgraduates and another 10,000 
from the other colleges of higher edu- 
“cation, the Open University and so on. In _ 
~~” total there could well be more than 120,000 


_. 1983. Within the total, about one in four 
-> will have a science degree, slightly more 
- than engineering. degrees. Some 10,000 


seeking first appointments. 
Of course not all this year’s graduates 


a “Institute of Manpower Studies, Mantell Building, University of 
Sussex, Brighton BNI ORF, UK. 























In permanont 
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Unemployed 
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will be seeking jobs. In recent years, one in 
three UK university graduates with a first 
degree in science has gone on to some form 
of further training or research, while 
another one in eight has returned overseas, 
or otherwise been unavailable for work. In 
total an average of about 40 per cent have 
gone directly into employment. Of the 1982 
science graduates, most went into industry 
(10 per cent), the public service (7 per cent) 
and education (3 per cent) while commerce 
accounted for 10 per cent (Fig.1). Only a 
few, however are likely to get jobs directly 
using their scientific knowledge (see Nature 
306, 410; 1983). The polytechnic graduates 
show broadly similar destination patterns. 

While a sixth of this year’s science 
graduates may still be unemployed six 
months after graduation, a pattern echoed 
in many countries, they are still likely to 
have fared better than those leaving school 
or further education. In salary terms, 
however, over the past seven years they 
have slipped slightly behind the growth in 
average earnings. In 1975, the average 
basic starting salary for a new graduate was 
£2,475, which represented about 78 per 
cent of average earnings. In 1983 the figure 
was just over £6,000, an increase over the 
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Fig. 2 Graduate starting salaries and average 
earnings in the United Kingdom from 1975 to 
1984 (forecast for 1984). 
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Fig. 1 Destinations of science graduates from UK 
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universities in 1982. 


period of over 140 per cent, buta decline tO... 


69 per cent of average earnings (see Fig.2). ~ 


Until the mid-1970s, most graduates 
tended to receive broadly similar starting 
salaries, but since then market forces have 
come more strongly into play. Starting 
salaries now are often differentiated. by 
subject, type of job, location, industry, 
and of course by the more personal factors. 
Not unnaturally, the biggest differentials 
tend to be between those industries where 
demand outstrips supply and those where it 
does not. In 1983, salaries ranged from 
under £5,000 to over £7,000, with those 
entering electronics-related jobs often 
getting well in excess of £7,500, Those 
going into jobs involving extensive further 
training often received nearer £5,000. 
Allowances for London working ranged 





from £1,000 to over £1,600, but somer + 


employers offered no such differential. 

For postgraduates, a quick scan of 
Nature’s job advertisements shows salary 
ranges of £5,500 to £8,000, with those 
lucky enough to get lecturing posts starting 
at just over £7,000, although these often 
require relevant experience as well as a 
higher degree. Outside the academic world, 
and research where postgraduate qualifi- 
cations are normally regarded as essential, 
employers are usually far less interested in 
higher degrees and postgraduates have to 
compete in the graduate job market. While 
some employers may pay an increase on the 
basic starting salary of perhaps £200 for 
each additional year of study many give 


them no special financial recognition and 


in many jobs prefer a first-degree graduate. 
The market reality for 1984 is, however, 
that UK graduates’ main priority will 
continue to be that of finding any 
“suitable” employment. Only a minority 
-will be able to select between interesting 
jobs with career prospects and to have any 
realsayintheirstartingsalary. 






















New research results, the very latest international science 
news, key papers by the world’s leading scientists and — 

speed of publication ensure Nature remains one of a. 
the foremost weekly scientific journals in the world. | 


But if you’re tied in to a circulation list | 
at work, all this vital weekly information will | 
undoubtedly reach you late, often incomplet 
and sometimes not at all. 


With your own personal copy, you solve 
the problem. Every week you'll have all the 
“latest research results and science news in your 
ands within days of publication: 


eas: 
Ap 


News reports from throughout the world of 
science and technology. 


A News and Views section, where new ideas are 
analysed and discussed by leading researchers. 


Articles and Letters in which key investigators 











and you will receive a discount of 
50% off the full rate. 


All 51 weekly issues will 
jį  bedelivered to the address of _ 

©, yourchoice. You can start your 
annual subscription with any issue 
you choose. And you will receive 
six bi-monthly author indexes; 
together with the annual index of 
subject and author. oe 


All this for just 94p a week, 

Place your order now and make certain 
that you receive the scientific news and 
research results crucial to your wok 
when yoy want them. 
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CANCELLATIONS MUST BE RECEIVED NO LATER THAN 5 p.m. ON THURSDAYS PRIOR TO ISSUE DATE. 


-MMUNOLOGY FACULTY 
POSITION 

mure Track, at either Assistant/ 

associate or Full Professor, 

partment of Microbiology, South- 

astern Medical School, Dallas. 


¿Areas of particular interest include 
olecular genetics, cellular 
anunology and cell cloning. Rank 
adj salary open. Current members of 
culty. are: Drs Capra, Forman, 
atiman, Lipsky, Sullivan, Tucker, 
ay, Vitetta, and Wasserman. 


Applicants should submit 
rriculum vitae, description of 
search interests and names of 4 
ferences to DrJJ W Uhr, 
epartment of Microbiology, South- 
astern Medical School, 5323 Harry 
anes Blvd., Dallas, Texas 75235. 


The University of Texas Health 

Hence Center is an equal opport- 

4ity/affirmative action employer. 
(NW 326)A 


GODDARD INSTITUTE FOR 
SPACE STUDIES 


POSTDOCTORAL POSITION 
IN PHYSICS AND 
ASTROPHYSICS 


Two postdoctoral positions will be 
available at the Goddard Institute for 
Space Studies in the summer of 1984. 
One is for a radio or infrared 
astronomer to work in the general 
area of molecular clouds and galactic 
structure. The other is for a 
laboratory astrophysicist to work on 
the millimeter-wave and far IR 
spectroscopy of molecular ions and 
radicals that might be detected in 
space. 


Candidates should send their 
curriculum vitae to Dr Patrick 
Thaddeus, and should arrange to 
have three letters of recommendation 
sent to Goddard Institute for Space 
Studies, New York, New York 10025, 
atthesameaddress. (NW325)A 


KANSAS STATE 
UNIVERSITY 


RESEARCH ASSOCIATE 
(POSTDOCTORAL) 


and graduate research assistant 
positions available immediately to 
study the organization and 
expression of genes for pectolytic and 
other polygalacturonate catabolic 


enzymes in plant pathogenic Erwinia 


supp. Excellent facilities are available 
for work using recombinant DNA 
technology, recombinational 
genetics, and immunological and bio- 
chemical techniques. 


Stipend is from an NSF grant and is 
highly competitive. Send curriculum 
vitae and three letters of reference to: 
Dr Arun K Chatterjee, Dept of Plant 
Pathology, Throckmorton Hall, 
Kansas State University, Manhattan, 
KS 66506 USA. An Affirmative 
Action /Equal Opportunity 
Employer. (NW345)A 


UNIVERSITY OF 
CAMBRIDGE 
ASSISTANT LECTURESHIP 
IN CRYSTAL PHYSICS/ 
CRYSTAL CHEMISTRY/ 
MINERALOGY 
University Assistant Lectureship in 
Crystal Physics/Crystal Chemistry / 
Mineralogy to be filled as soon as 
possible. This is a full academic 
teaching appointment usually held by 
persons under the age of 30 on 
appointment and corresponding to 
the younger end of the national 


| Lectureship scale. Stipend is age 


linked and ranges from £7,630 aged 
25 to £9,425 aged 29. 


Further information and applica- 
tions (10 copies) together with a Ce.. 
and names of 3 referees to Dr. PIT 
Friend, Department of Earth 
Sciences, Downing Street, 
Cambridge CB2 3EQ by 23 March, 
1984, (1286)A 























Section Head 


This new post within Pfizer Central Research's Biological Research Group calls for scientific 
leadership ability coupled with wide knowledge and experience of pharmacology and human-use 
drug development. 


Pharmacological 
Research 


to £17,000 + Company Car 





The Section Head and his/her team of, initially, nine pharmacologists and biochemists will be 
responsible for investigating the broad biological profiles of new compounds. This includes the 
detailed investigation of unusual and/or unanticipated pharmacological or biochemical actions. it 
requires the active co-operation of the Section with multidisciplinary discovery and development 
project teams and other scientific units. 


` The Section Head must be a PhD pharmacologist, probably aged 30-40 and preferably with 
pharmaceutical industry experience. He or she must have a strong practical bias and, above ali, 
the ability and enthusiasm to contribute ideas within a stimulating multi-discipline environment. 

_ We need someone with the potential to undertake wide responsibility in the future. 





Starting remuneration, including performance-related bonus, is negotiable to about 
£17,000 p.a. A company car and other big-company benefits are also offered, 
together with full relocation expenses. 


Please send your full cv and a letter explaining your interest in this post to 






R. G. Mulhern, Personnel Director, Pfizer Central Research, Sandwich, Kent. 


ee ARO ee ea ee ee ie 





A biotechnology company, organized to o 
apply recent advantages in oncogeneand | 
growth factor research to the development aE 
Of products for application in cancer 1 
diagnostic and therapeutics — 

-has openings for senior scientists in: 


Protein Chemistry 





Molecular Genetics 
Immunology 


Applicants must hold doctoral degrees, a 
Nave a minimum of two to five years post | 
doctoral experience, and have published - op 


in their areas of ex 


pertise. 


Oncogene Science is located on Long 
Island within 30 minutes of New York City. : 
The company offers competitive salary, ao 
benefits and employee equity participation | 
Opportunities as well as opportu nitiesfor | 
_ basic research in the rapidly advancing =| 
field of cancer research, = 


> EREE 








E N E l Please send CV and references to: 
_. Dr. John R. Stephenson 


l SCIEN! 2 ` Scientific Director 

























Damon Biotech Is a leading U.S. 
biotechnology company with headquarters 
in the high technology area near Boston. 
The company has a patented cell culture 
system which it uses to manufacture 
blological products, particularly 
monoclonal antibodies. The culture system 
yields products In greater quantities and 
with a much higher purity than conven- 
tional culture technologies. 




















































Damon Biotech has constructed a produc- 
tion facility near Boston for the contract 
manufacture of blologicals for pharmaceu- 
tical companies, based on cell lines 
developed by those customers. The facility 
is the first monoclonal terse manufac- 
turing unit worldwide to be built to comply 
with FDA guidelines for pharmaceutical 
manufacturing. This standard will permit 
the products to be used as human thera- 
peutics and for diagnostic imaging applica- 
tlons, as well as for laboratory dia nostics 
and industrial purification applications. 


Damon Biotech is currently shipping bulk 
quantities of monoclonal antibodies to 
companies within the United States, and 
will now establish a European sales office 
to serve customers within Europe. The first 
step will be the recruitment of a Director of 
Marketing, whose primary responsibility 
will be to develop contract sales business 
with pharmaceutical companies. This in- 
dividual will play a key role in selecting a 
European headquarters, and will be given 
the opportunity to take on broader respon- 
sibilities as the company grows. 


The appropriate qualifications for this 
position include: 


e Significant sales experience in corporate 
level negotiations within the European 
pharmaceutical industry 

e Strong technical background in the 
biological sciences 

e Cultural nanay, which preferably 
includes the ability to speak English, 
French and German 

e Strong character with demonstrated 
leadership skills and the necessary drive 
to build a business. — 


We will develop a customized compensa- 
tion and benefits package for the suc- 
cessful candidate. : 


Please reply In confidence to Dr. Nigel 
Webb, President, Damon Biotech, Inc., 


02194, USA. Or call: US area code (61 
< 449-8002 Telex 23-200228. 


DAMON Biotech 





119 Fourth Avenue, Needham He ant, MA 





~ (NW346)A 


SENIOR EDITOR 


The Scientific and Medical Division of Macmillan Press publishes 
scientific and medical monographs, symposia proceedings and learne: 
journals. It is looking for a senior editor to assist in its growth. He/ she 


will be expected quickly to assume responsibility for the Division’s book | 


programme and work closely with the Publisher to make a positive 


contribution to the commissioning and management of the Division's 


academic journals list. 











This is a key appointment and candidates will be expected to | 


demonstrate a proven commissioning record. A scientific publishing 
background, in either life sciences or medicine, is essential. 


This appointment is based in Basingstoke. 


Applications in strict confidence to: 


Sheilagh Browne 
Personnel Manager 

The Macmillan Press Lid. 
Houndmills 

Basingstoke, Hants. 
RG21 2X8 


(1263)A 


UNIVERSITY OF ALBERTA 
DEPARTMENT OF GENETICS 
HUMAN GENETICS AND PLANT 
GENETICS 


The Department of Genetics is seeking candidates who would 
qualify for external funding by the Natural Sciences and Engineering 
Heritage Foundation for Medical Research {as Scholars}. 
Applicants who are successful in obtaining external support would 
be appointed as non-tenured Assistant or Associate Professors 
(current salary Asst. Prof. $29,720 — $41,820/annum, Assoc. Prof. 
$37,420 — $53,658), with initial appointments for five years. The 





appointees would be expected to establish independent research A 


programs and to carry limited teaching loads. 


The department contemplates sponsorship of up to three such 
positions. Preference will be given to applicants specializing in any 
aspect of HUMAN GENETICS or PLANT GENETICS. 

Candidates should have a minimum of two years’ postdoctoral 
experience. and be able to demonstrate superior research 
achievements and potential, 

The department is well-equipped for studies of most aspects of 
cellular. and molecular genetics, has extensive facilities for 
cultivation of plants and has extensive access to the University 
computing facilities. 

The ‘present faculty of 14 {including three who occupy positions 
similar to those advertised here) have research interests including: 
the mechanisms of mutation, recombination and transposition, the 
organization and functioning of eukaryotic genes, mitochondrial 
biogenesis, pattern formation, the genetics of cell membranes, 
population genetics, | 
cytogenetics of wheat and cultivation of native wild-grasses. 


Applicants should send a curriculum vitae, the names of 


human genetic epidemiology, the | 


Bete Satie 


eee ee 7 


three academic referees and reprints of principal scientific .. | 


publications to: Dr. David Nash, Acting Chairman, 
Department of Genetics, University of Alberta, Edmonton, 


Alberta Canada T6G 269, prior to May 1, 1984. Further 


information can be obtained from the same address. 


The University of Alberta is an equal opportunity employer 


but, 


in accordance with Canada Employment and 


Immigration regulations, this advertisement is directed to 


Canadian citizens and permanentresidents. — (NW340)A 
























Ps ee KENT AND CANTERBU RY 
HOSPITAL 
Department of Nuclear 
Medicine 

| RESEARCH SCIENTIST — 
zo PROTEIN CHEMIST FOR 

-| RADIOLABELLED ANTIBODY 
fo Wee PROJECT 
- plications are invited for a three- 

year post of Research Scientist 

based at the Nuclear Medicine 
Department at the Kent and 
Canterbury Hospital. The main 
function of the appointee is to 
develop methods for radiolabelling 
antibodies for tumour localisation 
and therapy. The antibodies are 
supplied by the Histopathology 
Department at St. Thomas’ 
Hospital, London and the appointee 
will also help in that department with 
antibody production and 
purification. 
The post offers the opportunity of 
participation in one of the most 
{important developments in tumour 
localisation in recent years and 
offers the potential to contribute 
original work in this field. 
Previous experience in protein 
chemistry is essential and 
experience in immunology or radio- 




















Toxicology Services _ 


“a Creative scientist for original 
research” 
Beckenham: KENT 
Our Department of Toxicology is part of a Group toxicological resource devoted to the sub-acute 


toxicology required for the safety evaluation of compounds and biologicals prior to their first 
administration to man. One of the key areas within the department is Toxicology Services. 
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As Section Head, you will be responsible, through a team of graduate scientists and technical 
staff, for the day-to-day management of the animal unit and the haemotology and clinical 
chemistry laboratories. Specifically this will involve conducting and reporting on safety 
evaluation studies and representing the function on multi-disciplinary drug development teams. 
It is therefore vital that you can bring your experience to bear on programmes of original - 
investigation with relevance to the broader aspects of drug action and toxicity. 3 





















As a post-graduate in a relevant biological discipline you must have substantial experience — not 
less than 7 years — of toxicity testing in an industrial environment. A broad knowledge of the 
contemporary scientific, legislative and ethical aspect of toxicology and related areas is essential. 













Possession of the Royal College of pathologists Diploma in Toxicology and/or eligibility for MRC 
Path. (Toxicology) would be distinct advantages. 


Baran SA 







research experience will be 

considered. 

Salary will be on the Basic Grade 

A scale {£5,681 — 
l. 


We offer an attracitve salary which will reflect the seniority and responsibility of the role. 
Excellent benefits include 5 weeks’ holiday, life assurance and pension schemes, and generous 
assistance with relocation expenses. 
























?. 


Further details job description and 
application forms may be obtained 
from Dr. P. J. Mountford, 
Department of Nuclear Medicine, 
Kent & Canterbury Hospital, 
Ethelbert Road, Canterbury, Kent 
CT13NG. Tel: 0227-66877 ext 4442. 
Closing date for application is 23rd 
March 1984. (1316)A 


The Wellcome Foundation is an international group of pharmaceutica! and chemical companies 
with headquarters in the UK and an annual turnover close to £700m. The Research Laboratories 
are located in Beckenham, Kent, the UK's principal research site, and are set amidst 

100 acres of beautiful parkland. 
















Please write with full CV, quoting ref: WRL/255, to Alan Murdoch, Personnel Officer, 
The Wellcome Research Laboratories, Langley Court, Beckenham, Kent BR3 3BS. 
(1306)A 
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Blood Group Reference Laboratory 
Oxford 


Head of Reference 
and Research 


The Blood Group Reference Laboratory is a central laboratory for 
the National Blood Transfusion Service and is based in modern 
pleasant surroundings in the Radcliffe infirmary in central Oxford, 


A Top Grade Scientist is required to become Head of the Section 

of Red Cell Reference. The present activities of this section 

-include investigation of serological problems referred from 

|. daboratories at home and abroad, preparation of rare grouping 

_ .feagents and maintenance of the National and International 
Panels of Rare Donors, 

-in addition, the Head of Reference will be required to establish a 
reference facility for the biochemical analysis of blood group 
variants, to undertake research into the nature, structure and 
function of blood group antigens and to investigate the genetic 

_ basis of blood group polymorphisms. 

.. This is a challenging post and the Section will be expanded as 

= appropriate in order to Support these developments. Ideally, 
applicants will have a background in membrane chemistry with 
experience in blood group antigens. 

_ The appointment will be a Top Grade Scientist, salary range 

£16,090 to £21,311. 

<- Further information may be obtained from Dr. A. M. 

_ Holburn Oxford (0865) 727212. 

i Applications with names of two references to: Miss K. Bit 

Lomas, Administrator, Blood Group Reference Laboratory, ii 

§... Harkness Building, Radcliffe Infirmary, Woodstock Road, a in 

<E Oxford OX2 6HE. Ref: 193. A4Q2A OE 


THE ROYAL VETERINARY COLLEGE 
University of London 


Division of Preclinical Studies 
DEPARTMENT OF ANATOMY 


Senior Lecturer in Anatomy 
Lecturer in Anatomy | . 


Applications are invited for both the above posts. The lectureshipis 






available immediately, the senior lecturership in October OBA 
Appointment level and salary will be determined by experience and 
qualifications, oe 
Appointees will be expected to engage in research, and share the 
Department's teaching programme. Existing research interests in 
the Department include the development, and functional adapt- < 
ability of bone and muscle, thermo regulation, and reproduction, 
The teaching responsibilitiesareprimarily to veterinary studentsand 
include the gross, microscopic and developmental anatomy of the 
domesticated animals. ae 
The posts are based at Camden Town. A veterinary qualification: = 
and relevant teaching experience are desirable but not essential. a 
SALARY SCALES: Senior Lecturer £14,551 to £18,111 pa. 
Lecturer £8,376 to £15,311 pa „i 
including London Allowance : 
Removal expenses up to £1,350 may be reimbursed in approved 
circumstances. o> a 
Application form and further details from the Assistan 
Secretary (Personnel) The Royal Veterinary College, Ro: ʻa 
College Street, Lon ie 
‘Prospective candidates may send a currí 

























































Southampton 
THE CHEMISTRY 
vgs) UNIVERSITY ASSISTANT PROFESSOR 






TEACHING FELLOW/ 
_ SENIOR TEACHING FELLOW 


The Department of Geology seeks a teaching fellow/ senior 

to carry out duties associated with training of 
raduate students, The teaching 

é in Southampton with about ten weeks 
-work in the UK. Specialist help with field areas will be 


Candidates should have a good kn 
ious experience O à 
hould not deter otherwise well-qualified 
s. Initially the contract will be for six months 
commencing no later than 1 April 1984. 
spendent on age and qualifications within range: £7,500 
£14,000 per annum. | 


$. teaching fellow to | 
_ Saudi Arabian geology g 
gramme will be based 


owledge of field techniques 
f working with Saudi Arabians 


candidates. Initia 


obtained by telephoning P 
5659122) or from D. A. S. Copland 


lications should be sent in duplicate giving a 
names of two referees. 


ief curriculum vitae and the nar two r | 
losing date 23rd March. Please quote reference number 
ee eae  {1337)A 





Recognising the expanding opportunities 
within the Health Care Industry, the Scottish 
Development Agency has set aside substantial 
resources to support the advancement of the 
industry in Scotland and to encourage the 
medical, industrial and process uses of 
biotechnology. Its Health Care and 
Biotechnology Division's remit is to mobilise and 
focus the Agency's resources and efforts in 
this area. 

Since set up in late 1981, the Division has 
invested over £2m in new ventures. This activity 

is increasing and a vacancy for a Project 
Executive has arisen through an internal 
promotion. 

The Project Executive's role will centre on 
the identification of projects arising largely from 
within Universities and Medical Schools and their 
translation into commercially viable ventures. 

Much of the work will be in conjunction with research groups, 
companies and investors assisting the development in health care 
markets. Some overseas travel is likely. 

Coupled with a relevant Degree, the successful applicant must 
have the ability to assess new ideas logically and will require top 
level skills in communication and negotiation which will have been 
developed by industrial, commercial or investment experience. 

Some time in R & D as well as exposure to marketing would be 
desirable. The individual likely to succeed in this stimulating 
position will be required to be capable of developing innovative 
approaches to new opportunities. 

— offer a competitive and attractive salary plus benefits to 
match. 


Please write with a full C.V. quoting Reference 
No. NAT/PPD 28 to: 


J $ David Swift, 
Staff Executive, 
Scottish Development Agency, 
ish 120 Bothwell Street, Glasgow G2 7JP. 


Development All applications must be submitted within 7 days 
Agency of the appearance of this advertisement. 










UNIVERSITY OF 
SOUTH FLORIDA 
DEPARTMENT OF 


BIOCHEMISTRY, TENURE 
TRACK 


to begin August 1984. Ph required 
and at least one year postdoctoral 
research preferred. The candidate is 
expected to teach both graduate and 
undergraduate courses, establish a 








obtain outside research funding. 





Applicants should send a curriculum 
vitae including a list of publications 
and a concise description of proposed 
research. 


Three letters of reference should 








rofessor 
nd, The 
to 








Florida, Tampa, F1 33620. __ 















vigorous research program and to | 


“Salary range $21,000-$24,000. | 
| years initially and salary will bs; 


also be sent. All materials should be | 
sent by March 31, 1984 to Dr William | 
E Swartz, Jr, Chairman, Department — 
of Chemistry, University of South | (Officer, 2oofogical society OF) 

_ | { London, Regents Park, London; 
LT NWT4RY. | 
-$ To arrive before 15th March, 1984.) 


The University of South Florida is 
an Affirmative Action/Equal | i 
Opportunity Employer. (NW344)A0 0 jo ii 


ei, 





“PROJECT EXECUTIVE | 


HEALTH CARE& BIOTECHNOLOGY DIVISION 


LABORATORY SERVICE 
- BOARD 
PHLS CENTRE FOR 
APPLIED MICROBIOLOGY 
AND RESEARCH 
THERAPEUTIC PRODUCTS, 
LABORATORY — FREEZA_ 
DRYING SECTION 


MEDICAL PHYSICS 

TECHNICIAN HHI 
For the operation and maintenance 
of specialised equipment in clean 
room areas used for the sterile 
filtration, vial-filling and freeze- 
drying of therapeutic proteins and 
vaccines. Considerable experience of 
all these operations is essential at the 
higher grade, and at least three years 
relevant experience in the 
pharmaceutical industry with a 
sound knowledge of ‘Good Pharma- 
ceutical Manufacturing Practice’ is 
required at the lower grade. 


Qualifications: ONC, HNC or 
HND; or an appropriate science 
degree; or an equivalent qualification 
considered to be acceptable within 
the Whitley Council Terms and 
Conditions of Service. 


Salary scales: Either Medical 
Physics Technician I] £7,386. Sg. 
£9,212 or Medical Physits 
Technician [11 £6,132 — £7,926. © 


National Health Service Terms and 
conditions of service will apply. 


Further information about this 
post may be obtained from Dr K A 
Cammack, Tel No: 0980 610391 
ext 423. 


Application forms are available 
from the Personnel Officer, PHLS 
Centre for Applied Microbiology and 
Research, Porton Down, Salisbury, 
Wiltshire SP4 O0JG. Telephone 
Idmiston (0980) 610391 to whom 
completed forms should be returned 
by 16 March. (132A 














INSTITUTE OF 

ZOOLOGY 
The Zoological Society 
of London 


POSTDOCTORAL | 
RESEARCH ASSISTANT | 


required immediately to join a smail} 
team studying prostaglandins,. 
leukotrienes and the control of 
precursor availability in relation to 
disturbances of brain development. | 
Experience in lipid and prosta- 
glandins methodology essential. — 
The appointment is for two 





























at the appropriate point of tẹ | 
Society's salary scale (similar to | 
University of London scale) ac-| 
cording to age and experience. | 
Please apply in writing pro-/ 
viding CV and names of two! 
|referees to the Establishment 


















GODECKE AG, a leading German 
pharmaceutical company affiliated 
with Warner-Lambert/Parke-Davis, is 
seeking a qualified scientist to join our 
Biochemical Pharmacology Research 
Program. The position offers significant 
opportunities for innovative basic re- 
search, participation in the develop- 
ment of new directions within the 


research division. 


The successful candidate should have 
pertinent training and experience in 


Saanane 


RESEARCH ASSOCIATE 


Applications are invited for two 
possible positions as research 
: associate: in theoretical plasma 
astrophysics, space physics, solar 
physics and/or cosmic-ray 
astrophysics. 


The successful applicant for the 
first.of the positions will be expected 
tO@ypevote a substantial part of his or 
i@r research to problems in solar or 
interplanetary physics. This position 
can be filled as early as Spring 1984 
and applications should be received 

by April 30, 1984. 


The second position involves 
research on cosmic rays and their 
interactions, in the solar wind. or 
‘elsewhere. This position can be filled 
-in Fall, 1984, and applications should 
-be received by July 31, 1984. 
Applicants for either position 
“should possess a PhD in a relevant 
area of physics, astronomy, or 
planetary sciences. 


Inquiries and applications should 
be addressed to Prof J R Jokipii or 
Pret E H Levy, Department of 
‘Paanetary Sciences, University of 
Arizona, Tucson, Az, 85721. 

_ Applicants should send a résumé, 
¿complete bibliography, and arrange 
“for at least three letters of 









-recommendation from persons who | 


are well-acquainted with the 
appl 





E. 


icant’s background and 





-potential in research, The University 





of Ariz 


Affirmative Action, Title ix, Sec 











:S04employer, © (NW342 


ment, as well-as the potential for | 
developing substantial leadership | f 
capabilities. and an international | f 
scientific reputation, or will be at a | 


ona is an Equal Opportunity, | 
t tion 


Affirmative Action Employer: 





guage is essential. 

























UNIVERSITY 
OF ARIZONA 


COSMOCHEMISTRY 
FACULTY POSITION | 


The Department of Planetary 
Sciences and the Lunar and Planetary 
Laboratory invite applications for a 
state-funded, tenure-track position 
in Cosmochemistry. The area of 
specialization within Cosmo- 
chemistry is open, 


The appointment involves 
research, teaching, and the super- 
vision of graduate students. The 
successful candidate will be either ata 
junior level with extraordinary 
promise of scientific accomplish- 


senior level having already demon- 
strated these qualities. 

The position is available as early as 
August 1984 if a suitable candidate 
can be identified. Applications will 


be accepted at least until May 15, | 


1984, or until acceptable candidates 
are identified, 

Applications, including a résumé 
and the names and addresses of four 
individuals who could serve as ref- 
erences, should be sent to Prof 


Eugene H Levy, Head, Department f 


of Planetary Sciences, University 
Arizona, Tucson, AZ 85721. 1 
University is an Equal Opportuni 


(bio)physical chemistry. Experience 
in pharmacology is desirable. 


The field of research will primarily 
involve investigation of neurotrans- 
mitter systems in vitro and in vivo; in 
particular receptor binding studies, 


Good knowledge of the German lan- 


GODECKE offers excellent working 
conditions in newly constructed la- 


boratories, competitive salary and 
fringe benefits. 


Candidates should submit their ap- 
plications to: A 


GODECKE Aktiengeselischaft Berlin | 
Werk Freiburg, r 
Bereich Personal 

Mooswaldallee 1-9 | 
D-7800 Freiburg i.Br. ee 
OW788)A =] 


- Research 


= Officer 


Plant Breeder 


A vacancy for a Research Officer exists in QUE o 
plantation company in the Solomon Islands, to be ee 
responsible for the planning and implementation of 
the breeding programme for coconuts and cocoa. 
Suitable applicants should have a degree in o 
Agriculture or Plant Sciences. Working experience 
of, or Post-graduate training in, plant breeding is | 
essential, and some knowledge of tissue culture 
techniques would be useful. As plantations are 
situated in isolated tropical areas it is important that 
candidates be able to work without much contact 
with other scientists. The right candidate will have ali 
the benefits of working overseas for a large ee 
organisation. ie ge 
Please apply with full c.v. to: 
The Group Personnel Manager 
Unilever PLC 
Plantations Group | 
PO Box 68, Blackfriars, London EC4P 4BQ 
The closing date for applications is > 
Friday 6th April 1984. 
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As a world renowned centre committed to technical 
excellence we can offer challenging new opportunities 
in the following areas of research. 


Computer Systems 
Design 


Roles within the Computer Systems Research 
Laboratory involve applying formal methods to 
problems in the specification and verification of 
designs for a range of systems ~including VLSI, 
communication protocols and. concurrent languages. 
You would be collaborating in projects involving 
industry and universities, in particular those under 
the aegis of ALVEY and ESPRIT programmes, and 
participating in conferences and workshops. We 
shall welcome applications both from graduates with 
experience in the areas of research and those who 


Artificial Intelligence 
Group 

Here we cover a wide range of research 
interests and need researchers. with relevant 
degrees. (Computer Science, Linguistics and 
Psychology would all be suitable). Experience in 
Artificial intelligence research is highly desirable. 


We can offer extremely attractive salaries and all 
the other benefits associated with GEC’s technological 
advances, including excellent prospects of career 
development. 


Please write with relevant details, quoting ref. 
P/138, to: G.D. Prichard, Administration Manager, GEC 
Research Laboratories, East Lane, Wembley, Middlesex 
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Senior Scientific 
Officer 


UNITED KINGDOM TRANSPLANT SERVICE, 
BRISTOL 


Applications are invited from suitably qualified persons 
and those with relevant post graduate experience for the 
above post in the U.K.T.S. laboratories. The duties are 
primarily concerned with research and development in 
the field of tissue culture work as applied to human 
‘transplantation an the postholder will supervise up to five 
staff in a newly commissioned fully equipped tissue 
culture site. 


Application form and job description from the 
Administrator, U.K.T.S., Regional Transfusion 
Centre, Southmead, Bristol BS105ND, or telephone 










Aaa date for completed applications Monday 2nd 
Es 1984. E et | 
aon (1348)A 


are keenly interested in research in formal methods. 





HA9 7BP Telephone 01-904 1262 Ext. 211. 


GEC Research Laboratories 


Hirst Research Centre, Wembley 


(1309) A 





POSTDOCTORAL COLLEAGUE 
to join a study of neuropeptide 
effects on integrative functioning of 
crustacean cardiac ganglia. 
Experience in one or more of the 
following is sought: isolation of 
peptides; voltage clamping; charac- 


terization of electrotonic and 
chemically mediated synapses. To 


start August 1984 or after, for two 
years, Send CV and references by 
May 15 to: lan Cooke, Bekesy 
Laboratory of Neurobiology, U of 
Hawaii, 1993 East-West Road, 
Honolulu, H1 96822, USA [(808) 
948-6776]. (NW349)A 





UNIVERSITY 
OF GLASGOW 
DEPARTMENT OF 
VETERINARY PHARMACOLOGY 
LECTURESHIP IN 
VETERINARY 
PHARMACOLOGY 
Applications are invited for a 
Lectureship in veterinary pharma- 
cology tenable in the Department of 


October, 1984. | 


Salary will be within the range 
£7,190 — £14,125 on the Lecturers’ 
scale, with placement according to 
age, qualifications and experience. 

Further particulars may be. 
obtained from the Academic 
Personne! Office, University. of 
Glasgow, Glasgow G12 8QQ, where 


on or before 31st March, ‘PORES Ooo 


Veterinary Pharmacology from Ist 


applications (8 copies), giving the 
names and addresses of not more 
- than three referees, should be lodged. 


RESEARCH metallurgists required 
to examine articles suitable for 
“collections? in various fields of 
metallurgy and metal physics. Free- 
lance. SIC, 661 Finchley Road, 
London NW2 2HN. (1310A 





MRC BRAIN METABOLISM 
UNIT 

EDINBURGH 
PEPTIDE CHEMIST ces, 

The MRC Brain Metabolism Qi 
invites applications from suitably 
qualified chemists for the post of 
Peptide Chemist. capable of syn- 
thesising natural peptides. and 
appropriate analogues. Candidates: 
of immediate post-doctoral or 
equivalent status will be preferred. 
The person appointed will work in 
close association with the Molecular 
Biologists in the Unit who are 
interested in the mechanisms of 
synthesis, release and mechanism of 
action of neuropeptides in 
mammalian brain. The appointment 
will be short-term (3 years). 
Remuneration will be at an 
appropriate point on the scale for 
ome non-clinical academic. 
staff, ; i 


Further details can be obtain from 
the director, Dr G Fink, MRC Brain. 












- Metabolism Unit, Department of. 


Pharmacology, 1 George Square,. 
Edinburgh EH8 9JZ. Six copies of 
applications and the names and 
addresses of three referees to be sent. 


to Mrs A Milligan, Administrative 
Officer, MRC Brain Metabolism: 
Unit, Department of Pharmacology, 
1 George Square, Edinburgh 


(1345A  9JZby Friday 30th Marci 









NTRAL BIRMINGHAM Health 





€ 












- inthe West Midlands Regio 
. designated as a regional specialty. 
- The main responsibility is to provide 
a routine specialist cytogenetic 
service for the Birmingham Central 
District Health Authority and also 
approximately half the population 
served by the West Midlands 
Regional Health Authority. The new 
Head will be expected to develop 
teaching and research as and when 
additional staff and space become 
available. Separate job descriptions 
are available for medical and science 
graduates. Potential applicants are 
encouraged to visit the Department 
and the hospital by prior arrange- 
ment with Dr E L Jones (Chairman, 
Division of Laboratory Medicine) 
Tel: 021-472 1301 ext 2096. Appli- 
cation form and job description are 
avaiable from the Senior Personnel 
Officer, District Offices, Vincent 
Drive, Edgbaston, Birmingham 15. 
Tel: 021-472 1311 ext 166. Closing 
Date: 30th March, 1984. (1353)A 
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UNIVERSITY 
OF BIRMINGHAM 
FACULTY OF SCIENCE AND 
ENGINEERING 
CHAIR OF CHEMISTRY 


Applications are invited for a Chair 
of Chemistry which will be available 
from Ist october 1984. The preferred 
fields of interest are spectroscopy, 
reaction dynamics, surface chemistry 
and electrochemistry. 


Salary in the professorial range, 
with superannuation. 


@¥guither particulars available from 
ig Vice-Chancellor, University of 
Birmingham, PO Box 363, Birming- 
ham B15 2TT, to whom applications 
(15 copies: 1 from overseas 
applicants) should be sent by 16th 
April 1984. (1298)A 


ie amr atte EAEAN naar ar 


‘UNIVERSITY OF DURHAM 
._ DEPARTMENT OF PHYSICS 
TEMPORARY 

2 LECT URESHIP IN 
_: THEORETICAL PHYSICS 
Applications are invited for the post 
of. Temporary Lecturer in 
Theoretical Physics tenable in the 
Phypics Department for three years 
frog October 1984. Preference will 
be given to applicants with experience 
in Theoretical Particle Physics. 


Salary in the range £7,190 — 
£14,125 with USS, 

_ Applications (3 copies) naming 
three referees should be sent by 6 
April 1984 to the Registrar, Science 
Laboratories, South Road, Durham 
DH1..3LE, from whom. further 








particulars may be obtained. ` 
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-< Authority, Infant Development | 


aboratories 
egion and is- 


NATIONAL INSTITUTE OF 
AGRICULTURAL BOTANY 
ASSESSMENT OF 
RESISTANCE AND 
TOLERANCE TO 
GLOBODERA PALLIDA IN 
POTATO VARIETIES IN 
FIELD TRIALS 


A graudate is required for field and 
laboratory assessment of resistance/ 
tolerance of potato varieties to 


| potato cyst nematode (Globodera 


pallida). 


The person appointed will be 
stationed at the NIAB and will receive 
training at Rothamsted Experimental 
Station. 


A degree in a biological science is 
required (experience in nematology 
would be an advantage, but not 
essential). A current driving licence is 
essential. The post would be ona four 
year contract with starting salary at 
£5,682 pa. 


Further particulars and applica- 
tion form can be obained from the 
Personnel Officer, NIAB, Hunting- 
don Road, Cambridge CB3 OLE. Tel: 
So 276381 ext 234, quoting ref 

N/I, 


Closing date: 16 March 1984. 
(I30DA 
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UNIVERSITY OF ABERDEEN 
CHAIR OF CHEMISTRY 


Applications are invited from candi- 
dates with a proven record in any 
branch of chemistry for the Chair of 
Chemistry which will become vacant 
on 1 October 1984 following. the 
retirement of Professor P Meares, 


Further particulars and application 
forms from The Secretary, The 
University, Aberdeen, with whom 
applications (2 copies) should be 
lodged by 23 March 1984. (1221 JA 
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UNIVERSITY OF 
NEWCASTLE UPON TYNE 


DEPARTMENTS OF SURGERY 
(NEUROSURGERY) AND 
PHARMACOLOGICAL SCIENCES 


RESEARCH ASSOCIATE 
(Post-Doctoral) 


Applications for the above post are 
invited from recent: or established 
post-doctoral fellows in physiology 
or biochemistry with experience or an 
interest in the physiology and/or bio- 
chemistry of experimental stroke to 
join an active and expanding research 
group studying topographic and 
dynamic aspects of electrophysio- 
logical and biochemical changes in 
cerebral ischaemia. The post which is 
funded by Action Research for the 
Crippled Child is available for three 
years. Commencing salary will be up 
to £8,080 pa on the Range IA scale 
£7,190 — £11,615 pa according to 
age, qualifications and experience. 


Further particulars may be 
obtained from Mr A J Strong, Reader 
in Neurosurgery, Department of 
Surgery (Neurosurgery), Newcastle 
General Hospital, Westgate Road, 


Newcastle upon Tyne NE4 6BE (tel: | 
0632 738811, ext 647, with whom | | 
applications providing full curri- | — 
culum vitae and names of two refs | ` 
erees should be lodged by 23rd March: | 


Medical Microbiology 
| Strong research background in clinical microbiology. | 
and familiarity with a broad range of microorganisms, Jo- 







health care, agriculture, and che 
rst two years of operation we ha 

100 employees and have undertaken 

jects in collaboration with a nu 

commercial partners. 

affords a wide range of career opportunities, 


Molecular Biology 


A number of openings exist for individuals with a z] 


strong research background in recombinant DNA A 
technology with additional expertise in one of the d 
following areas: viruses and viral expression vectors, | 


animal cell culture, or bacterial expression. 


Molecular Biology/ 
DNA Sequencing 


An accomplished Ph.D. to supervise a DNA sequencing ` J 


laboratory. Experience in molecular cloning is} 


essential. 


Protein Biochemistry 


To work on the development of procedures for | 
purification and characterization of protein pro- | 
duced through recombinant DNA technology. At. | 
least two years of relevant work experience jis |. 
essential, One Ph.D. level position would require | 


experience in glycoprotein characterization. 


Chemistry/Enzymology 


A broad familiarity with enzymes, enzyme manipu=-` 
lation, kinetics, organic synthesis and characteri- 
zation of reaction products. 


Protein Chemistry 


Experience with peptide synthesis, automated 
protein sequencing, new protecting groups and 
activation reagents for the solid phase approach. 


Cell/Developmental 
Biology 


A skilled and highly motivated Ph.D. level cell’ - 
biologist with extensive experience in tissue culture f 


and developmental biology. Initially, work will be 
on the biology and therapeutic potential of osteo- 
genic factors. l 





Nucleic acid molecular biology is highly desirable, — 


We offer equity participation in addition to a com- 
titive salary and complete benefit package. Quali- 


ed candidates should forward their resumes, and ee 


the names of three individuals we may contact for _ 
references, in confidence to: Personnel Office, — 
pty INSTITUTE; 225 Longwood Ave., Boston, — 
MA 02115. 











The Interuniversity Reactor Institute (IRI) is a centre for research and 
education in the field of ionising radiation and its applic 
Netherlands universities participate in this project. IRI's up-to-date equipment 
includes a 2-MW nuclear research reactor, a 3-MeV Van de Graaff electron 
accelerator and a central process computer. Approximately 200 people are 
employed at the institute, 50 of whom are postgraduate and postdoctoral 


chemists and physicists. 


A position has become vacant for a 


full professor in the 


department of 
Radiochemistry 


Research in this department is carried out in close cooperation with 
scientists from the participating universities. Until now the research 
programme of the department has been concerned with particularly neutron 
activation analysis and radio isotope techniques tor application in the fields 
of environmental hygiene, medicine, chemistry, physics and the technical 
sciences. Attention is being paid increasingly to the behaviour of trace 


elements in the biosphere. 


The appointee is expected to make a contribution towards stimulation of the 
present research programme and to develop new lines of investigation, in 
close cooperation with his fellow professor in the department. Teaching 
responsibilities include participating in the Institute’s training courses and 
supervising undergraduate and postgraduate students. The appointee will be 
jointly responsible for the courses Radiochemistry” and "Chemical aspects 
of Nuclear Technology” in the Department of Chemical Technology at the 
Delft University of Technology and he will be expected to take an active part 


in presenting these courses. 


ations. Virtually all 


INTERUNIVERSITY | I| aereto 
REACTOR INSTITUTE | 
DELFT, NETHERLANDS 


SCIENTIST 
(Horticultural Produ 
Development) . 
A vacancy exists in Wellington, E 
New Zealand at the Agricultural $ 
E Research Division of the Ministry E 
E of Agriculture and Fisheries fora § 
scientist who will have responsi- a 
bility for initiating and coordin- $ 
ating research into product 
development aimed at developing ` 
crops to meet consumer require- 
ments of specific overseas 
markets. Particular emphasis wili 
be placed on the development of 
new horticultural crop industries. 
This is a newly created position. 


The appointee will be expected to 
work in close collaboration with 
the Ministry's horticultural 
research scientists and in liaison $ 
with staff of the Ministry's 
Advisory. Services and 


Economics Divisions in relation to 
crop production, market access 
and market intelligence matters. 
Salary up to NZ$35,731 per $ 


‘annum dependent upon qualifits@ 
cations and experience. ° 
Qualifications and Experience: 
Basic training in horticultural 
science, with qualifications or 
substantial experience in market 
research or marketing. Minimum 
qualification will preferably be at 
Masterate level. 


Further information and 
application forms may be 
obtained from: 
The Executive Officer, 
New Zealand Embassy, 
37 Observatory Circle, NW, 
WASHINGTON, D.C. 20008 
(Telephone: (202) 328-4841) 
Completed applications must be $ 
returned to the above address by > 
26 April 1984. (NW35T)A 


‘Candidates should be willing to acquire a good working knowledge of the 
Dutch language within two years from the date of appointment. 


an apanar aaa ai yo y 


The European Molecular Biology A. 
Laboratory, a research instituté 
situated in Heidelberg, West- 

Germany, invites applicants for 
the following vacancy 
TECHNICAL ASSISTANT 

The successful candidate will joina f 
Iscientific group within our 

Differenciation Programme 

working on the identification, 
W783)A isolation and characterisation of 


Salary indication: Max. appr. Hfi. 116.000,- per annum (before taxes). 


Applications, including a curriculum vitae, a list of international publications 
and the names and addresses of at least two referees, should be sent to the 
dean of the Institute, prof.dr. J.J.M. de Goeij, IRI, Mekelweg 15, 2629 JB Delft, 
The Netherlands, within one month from publication of this advertisement. 
Drawing the attention of the dean to the names of possible candidates for the 
above position will also be appreciated. Informal enquiries may be addressed 
to the dean, who can be reached at the above mentioned address, or by 
telephone (31-15-786713/31-1 5-786171; after office hours: 31-1 892-4472). 





~ Centro Di Riferimento 
Oncologico (CRO) 
Aviano (PN) 


Per le Divisioni di Oncologia Sperimentale del CRO si cercano 
laureati in Medicina e Scienze preferibilmente con esperienza 














alisi di oncogenic, i rapporti tra 
lo sviluppo di 


‘Dott. Alfonso C 





" Deanat the above address. (1334)A 

















BRUNEL UNIVERSITY 


CELL BIOLOGY RESEARCH GROUP 
Uxbridge, Middlesex, UB8 3PH, 
telephone Uxbridge 37188. 


Post-Doctoral Research position į 
available for three years from 1 July | 
1984. The project concerns inflam- | 
matory connective tissue catabolism, | 
and will consider the role of oxygen- | 

derived free radicals in degradation |. oak 
of proteins and proteoglycans. : al tiall 


The starting salary for this 
appointment is £8530 per annum, | [Can pe 
plus £1186 per annum London |} ease wri 
Allowance, with USS benefits. ` j 

Applications should be made. 
before 1 April 1984 to Dr. Roger 






















esearch Associz 


Parke-Davis Research Unit, Cambridge 
Director: Dr. John Hughes 


We are seeking highly motivated scientists for appointment to permanent research associate positions and also 





Research Associates 


Three appointments will be made — one is available immediately and two from October 1984. Applications 


departments and many Colleges of the University. Applications are invited for two studentships from 
applicants holding or expecting to obtain a first class or upper second class degree in biochemistry, 
physiology, pharmacology or a closely related discipline. The terms and conditions of the studentships are 


Applications should be accompanied by an up-to-date c.v, describing experience and interests, together with 
the names of two scientific referees and sent to Dr. Chris Bruton, Parke-Davis Research Unit, Addenbrookes 
Hospital, Hills Road, Cambridge to arrive by 30th April 1984, 





(1355)A 


UNIVERSITY OF ABERDEEN 


nature 


the weekly international journal of science 


seeks an unusual sub-editor 
to help 500,000 readers keep up with science 
Essential qualifications: 

- Literacy — Zeal —  Meticulousness — Tact 
Also desirable, two or more of the following: 

» Two years experience as a sub-editor 
= Wide general knowledge of science 

Scientific or technical degree 

Work experience in a professional environment 

First-hand experience of research 


= Duties include negotiation with scientist authors of acceptable and — 


intelligible forms of words and preparation of manuscripts for the press. 


"part-timers considered. 


< > Replies by 8 March with full curriculum vitae to the Editor, Nature, 3 
: Macmillan Journals Limited, 4 Little Essex Street, E E 


| Opportunities for other journalistic work not excluded. Salary by - a: i 
“negotiation. Age, Sex, etc. immaterial. Applications from exceptional git . | 7 
À om : |. Five copies of applications, accompanied by the names « 
three referees, should be sent to the above address by 9 Apri 





REGIUS CHAIR OF MEDICINE. 
The Secretary of State for Scotland invites applications for the f 
Regius Chair of Medicine in the University of Aberdeen which falls A 
vacant on 1 April 1985. it is expected that in addition to high f 
professional standing and excellence in research, the new Regius f 
Professor should have the capacity and the motivation forarolein =f 
leadership in the Department of Medicine, in the Faculty of 
Medicine and in the University as a whole. ee 
A note of the Conditions of Appointment and Further Particulars © 
may be obtained from: ae 

The Secretary, 
Scottish Education Department. 
E  . Room 3 114, 

New St Andrew's House, 
EDINBURGH EH1 3SY. 


1293A 
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the cardiovascular area. 


We are looking for: 


A Project Leader 


to take charge of one of our cardiovascular projects. 


Our need is for a synthetic organic chemist with 6/10 years’ post- 
doctoral experience, mainly in the drug industry. He/she will 
probably be leading a small team already and seeking to broaden 
his/her responsibilities as a scientist. Experience in the 
cardiovascular area would be preferable but not essential. 


Graduate/GRSC/LRSC Chemists 


We need several young, 


Our laboratories are modern and well 


molecules. 


application will be considered automatically; there is 


> nic Chemists 
For Drug Discovery 


in the middie of 1984, as part of a major expansion programme, we shall be opening an additional 70,000 sq ft of laboratory and office 
space at our research centre at Sandwich, Kent. This will enable us to increase our commitment to human drug research, especially in 


energetic chemists experienced in modern methods to synthesise novel molecules for biological evaluation. 


date instrumentation and support services. All our chemists have ready 


equipped with up-to- 
access to the Research Division computers and molecular graphic techniques are used regularly to aid the design of biologically active. 


if you have the necessary qualifications and experience and want to further your career in drug discovery please send your cv to: D; W. 
Sells, Personnel Manager, Pfizer Central Research, Ramsgate Road, Sandwich, Kent CT13 9NJ. 


if you have applied for a similar position with us in the past two years your previous 


no need to reapply. All applications will be treated in strict confidence. 


; ENEN E EINE. Fe te N: A Eyak SRR ms 











Three Post-Doctoral Chemists 


with experience in synthetic organic chemistry coupled with a desire 
to discover drugs. Close collaboration with biological colleagues is 
essential in our multi-disciplinary project teams. 

Our need here is for one chemist with 3/5 years’ research experience 
in the pharmaceutical or agricultural/ veterinary industry and two 
chemists who are completing 2/3 years’ post-doctoral research. 






(12Z1iG)A 











Research Fellow 
-Pharmacology 


Merck Sharp & Dohme Research Laboratories is a leading 
international pharmaceutical research organisation which is 
establishing a Neuroscience Research Centre on a 30 acre 
greenfield site near Harlow, Essex. The Centre will be one of the 
world's largest laboratories dedicated to neuroscience research 
initially focussing on the study of inhibitory chemical messengers 
inthe brain and expioration of the functional role of neuropeptides 
inthe contral of emotion, appetite, memory and learning. 
trepreparation for the move to the Harlow site, the current eminent 
_research team is to be expanded, initially, by the appointment ofa 
Pharmacology Research Fellow. In this respect applications are 
invited from candidates who have a PhD in Pharmacology with 
|. experience in the use of peripheral models in the study of the 
| © central nervous system. 

“| Post Doctoral experience in industry, although not essential, 








Jo DONNE: (1341)A J 










INSTITUTE OF TERRESTRIAL ECOLOGY 
FRESHWATER ECOLOGY AND ACID RAIN 


SCIENTIFIC OFFICER 


Edinburgh Research Station, will include the planning anrd A 


execution of a field programme for sampling water chemistry, 
macrophytes, invertebrates and 
material in the laboratory. The appointment, which is supported by 
contracts fram the Department of the 


a 


European Community will be for a period of two years. 

QUALIFICATIONS AND EXPERIENCE: Candidates should possess 
an honours degree in biology although consideration will be given to 
holders of HND/HNC or equivalent qualifications who have 
appropriate experience and some expertise in freshwater biology. It 
is expected that the person appointed will be a University graduate 
for a non-graduate with appropriate experience) in biology, 
preferably with some expertise in freshwater biology. Preference 
will be given to applicants with previous training in the field 
sampling of freshwater invertebrates and fish, and in laboratory 
techniques for invertebrate taxonomy and ichthyology. A good 
understanding 
Applicants must be able to swim and to drive. 


SALARY: The appointment will be to the SO grade with a salary © q 


scale of £5,682 to £7,765 per annum. Starting salary will be 
according to age, qualifications and experience. Candidates shoult 
be under 27 years of age, but this limit may be waived in the case of 
an applicant with experience specially relevant to the vacancy. — 


of freshwater chemistry would be an advantage. A 







The Natural Environment Research Council is nota Government 


Department but conditions of service are similar to those of the Civil 
Service. Application forms and: further details are available from: 
Establishment Section, Aq rial Ecology, 90 
Road, Cambridge CBZ ILA. Telephone. no: (0223) 69745. Please. 
quote reference number 120. rr S , n 
The closing date for applications is: 15 March 1984. 
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institute. of Terrestrial Ecology, 68 Hills 
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This is a senior appointment within the Drug Safety several years’ broadly based experience in the toxi- 
R & D Laboratories of one of the world’s leading cology testing of pharmaceuticals, probably 


ethical pharmaceutical companies, based at their backed by a higher degree. Personal qualities 
Headquarters near Eindhoven in Holland. i should include energy, enthusiasm and good lead- 


The successful candidate will report to the Head of ership skills. 

Drug Safety, and become responsible for the group Existing knowledge of Dutch is not required as 
covering general toxicology ~ currently comprising English is widely spoken within the company and in 
two qualified veterinarians and three technicians, Holland generally. However, applicants should be 
The group is supported by a strong service unit. willing to learn the language, for which facilities will 


The post will involve general management of the Pe Provided. 

group, coordination of its activities with those in The post commands an attractive remuneration 
the other R & D Departments and, importantly, and benefits package , and offers excellent Career 
shaping and developing toxicology research policy advancement prospects. 


within the company. Please write or ‘phone in complete confidence for 
Applicants, ideally aged 30-40, should have = further information and an application form: 


“‘Talentmark — 


Leaders in Health Care Recruitment 
























(1354) f° 








Bryan J Oswald, Talentmark Limited, 
King House, 5-11 Westbourne Grove, 
London W2 4UA. Tel: 01-229 2266. 
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= PHARMACEUTICALS 
RESEARCH 
CHEMISTRY 


La a e uE aea 


As part of a major expansion we have vacancies for two a ? 
scientific officers. One post is for an experienced f 


cytogeneticist and the other for a person with knowledge of f 
either bacterial or mammalian cell mutation assays. ss 






ne Our client is one of the most prestigious of the research-based multi- 
= National pharmaceutical companies — eminently successful, and in 
si the major league whichever of the measurement criteria is applied. 





The need is for a Chemist of PhD status to become Head of an 
xs Analytical Laboratory, itself an intrinsic part of a Research and 
os Development Group working on some fascinating compounds ee | 
internationally, Applicants should have a good biological degree (or $ 
3 equivalent) and be enthusiastic about working for this 
=: Previous experience in heading an analytical team would be helpful, growing organisation. oh 
_ but the thought is that an informed user would be equally ` | 
acceptable — hence there is no bar to the appointment of either an 
ax Organic or Physical Chemist, the principal requirement is for an 
| excellent scientist of innovative mind who can lead the tearm, Salary 
UB around £20,000 with a car and benefits package. Location is in the 
= South-east of England. 


Starting salary in the range of £5,000 — £6,500 p.a. o 
depending on qualitications and experience. A 


Applications (3 copies) with the names of two referees before $ 
30 March 1984 to: The Company Secretary, Microtest 
Research Limited, University Road, Heslington, York. 
YO! 5DU. (33A 










interested scientists are invited to send a full curriculum 
vitae and publications list to: 












Ba Martin Duchesne { ~ a 
poe Search And Selection Ltd A RATS | RE Ai a 
Sp Suite 3, Council Hall Pa i MICROTEST RES EARCH Oh 
oe Penn Road, Beaconsfield ~ LIMITED , ere 
a Bucks HP9 2PP, | 
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TRANSGENE 
As a consequence of continued growth and expansion, and 
of a recent move into new, larger premises, TRANSGENE, a 
_jeading genetic engineering company based in 
_ STRASBOURG, FRANCE, has immediate openings in the 
=v following positions. 


— SENIOR MOLECULAR BIOLOGIST 
_with extensive experience in eukaryotic cell vectors and in 
the expression of foreign proteins in cultured cells. 


— BACTERIOLOGIST 


with research experience in the physiology and genetic 
manipulation of microorganisms of industrial importance 
(the streptococci, lactobacilli, streptomyces . - J 


— MOLECULAR BIOLOGIST 


with 2-3 years practical experience of cDNA cloning 
techniques. 


— PROTEIN CHEMIST 


with practical experience in the synthesis of peptides. 


TRANSGENE is an independent recombinant DNA research 
and development company, backed by a group of major 
French industrial and financial organizations. 


interested candidates are invited to submit, in confidence, a 
full curriculum vitae, a list of publications, and the names and 
addresses of three referees to: 


Dr. J. P. LECOCQ 
Scientific Director 
41 rue de Molsheim 
67000 STRASBOURG 
FRANCE 
Tel: (88) 22.24.90. 
(W758)A 































UNIVERSITY OF 
MINNESOTA MEDICAL RESEARCH 
AUSTIN, Minn. NATIONAL INSTITUTE FOR 
posroocronat ||| "MBCA ARAA 
ASSOCIATE(S) STRUCTURE AND 
EXPRESSION 


Applications are invited for a post- 
| | doctoral position in the Laboratory 
{ of Gene Structure and Expression 
to work with Dr F G Grosveld. The 
appointment will be for three years 
to work on a project in the field of 
transcriptional control with the aim 
of characterising DNA sequences 
‘and cellular factors and gene 
expression. 
The salary will be in the range 
£8,530 — £10,250 per annum plus 
£1,186 London allowance, with 
superannuation provision. 
Applications should include a 
curriculum vitae and the names of 
two referees and should be sent to 
the Director, National Institute for 
. Medical Research, Mill Hill, London 




































aspect 
latelets). . 
-Please sent inquiries to: Dr. H. H. 
O. Schmid, The Hormel institute, 
University of Minnesota, Austin 
MN 55912. Phone: (507) 
The University of Minnesota isan | 
Equal Opportunity Educator and | 
shoe and specitically w Th 
d encourages women and } | | NW7 1AA before 23rd March 1984, 
ority applicants. (NW321)A | | | quoting Ref: GSE/6/K. (12761A | 











































THE ALEXANDE 





| SCIENCES 

is seeking candidates for the following tenure track positions: 
1. BIOTECHNOLOGIST to head a biotechnology unit. PhD degree in J 
biochemistry or biotechnology; experience In large scale biochemical | 
preparations; experience in growing microorganisms, or plant and anim 
cells in tissue culture on a large scale. | SAF 
5. ANIMAL BEHAVIOURIST with strong background in Field Ecology. Y 
3. MOLECULAR BIOLOGIST; cell biology; animal and/or plant ceils,” 
neurobiology, development and differentiation. CE 
Candidates expected to pursue active advanced level research: teach, f- 
supervise graduate students in their specialized fields; teach | 
undergraduate courses in their broader fields. ee ie 
Rank/ Salary according to qualifications. Send curriculum vitae, 
list of publications, representative papers and have three letters 
of reference sent to Prof. Dan Cohen, Chairman, The institute of 
Life Sciences, the Hewbrew University of Jerusalem, 91904, 
israel, before May 1, 1984. {W790)A 


ERUSALEM O No 
SILBERMAN INSTITUTE OF LIFE | | 



































POST-DOCTORAL 


position for three years to study biochemical and antigenic aspects 
of tumours of human nervous system (Salary up to £10,000 p.a.)}. 
Previous experience in monoclonal antibody, two dimensional gel 
electrophoresis or neuronal enzymes would be an advantage. The 
appointed candidate is expected to initiate and innovate. 


Please send one copy of your curriculum vitae with names of 
two referees to Professor P. O Yates, Department of. 
Pathology, The University, Manchester M139PL. (1300)A . 


SS SI SU SIS 













INSECT 
NEUROBIOLOGIST 


Full-time, tenure-track appointment 
at the rank of assistant professor. We 
will seek candidates having research 
interests in areas such as: integrative 
functions of the insect CNS, 
neuroendocrine mechanisms, 
neurogenetics, neurodevelopment, 
neuron physiology and pharma- 
cology. Appointee will teach annual 
undergraduate course in general 
insect physiology and conduct 
graduate seminars. Applicants 
should have a Ph.D. and should 
demonstrate outstanding potential 
for research and teaching. 


Applications should include the 
following: (1) Curriculum vitae, 
academic transcripts and evidence of 
teaching skills and experience; (2) 
bibliography and selected reprints or 
manuscripts; (3) statement of 
research objectives and approaches 
proposed; (4) names and addresses of 
at least three people who can provide 
recommendations. Submit all 
materials by 1 April, 1984, to E S 
Sylvester, Chair, Department of 
Entomological Sciences, 201 
Wellman Hall, University of 
California, Berkeley Calif. 94720. 
The University of California is an 
Equal Opportunity, Affirmative 
Action Employer. (NW264)A 


UNIVERSITY 
OF CAMBRIDGE 
CAVENDISH LABORATORY 
Physics of 
Semiconductors Group 


RESEARCH ASSISTANTS 


One postdoctoral Research Assistant 
required October 1984 to work on the 
theoretical aspects of electron pro- 
perties in reduced dimensional struc- 
tures. It is expected that there will 
also be a vacancy for a Research 


Assistant to work on the theory of 
plasmon effects in heterojunction | 


superlattice systems in collaboration 
with RSRE Malvern. Some exper- 
ience in collective effects or se 








semi- 


UNIVERSITY OF 
EDINBURGH 


DEPARTMENT OF ZOOLOGY 
RESEARCH ASSOCIATE 


Applications are invited from candi- 
dates possessing or anticipating a 
good honours degree in biology or 
zoology for an SERC. funded 
research associate position. The 
appointee will work on pattern 
formation in insect development in 
collaboration with Dr. Vernon 
French, and the work will involve 
delicate surgical operations on insect 
larvae. 


The post is tenable for three years, 
starting April 1984 (or as soon as 
possible thereafter). 


Salary on the R.A. 1B scale, up to 
£6,745 (plus superannuation), 
depending on age. lle: 


For further particulars ‘phie 
031-667 1081, extension 3342. 


Applications, including full 
curriculum vitae and naming two 
referees, to the Secretary's Office, 
University of Edinburgh, Old 
College, South Bridge, Edinburgh 
EHB8 by 16th March 1984. 


Please quote reference no. 5151. 
(UGITA 





conductor physics would be ar 
advantage. 


The Physics of Semiconductor: 
group consists of theoretical anc 
experimental research workers anc 
the successful applicants would, 
expected to interact strongly in Get 
areas. At present the research field 
include most aspects of electron pro 
perties and quantum transport i 
three, two and one dimensions. ~ 





Salary according to age ani 
experience in the range £7,190 t 


Apply to The Secretary, Cavendis 


Laboratory, Madingley Road 
barre pridge CB3 OHE, quoting ref P 
nd stat nos er psc 



















_ OF BIRMINGHAM 
FACULTY OF MEDICINE 
<- AND DENTISTRY 
DEPARTMENT OF CANCER 

| STUDIES 

> POST-DOCTORAL 
MOLECULAR BIOLOGIST/ 
VIROLOGIST 


oe A vacancy exists for a post-doctoral 








<3 scientist with experience in molecular 
= -biology/virology to join a research 


Z group studying cellular trans- 


formation by the Epstein-Barr virus. 
~The project, which will be carried out 


in the Department’s new laboratory, 
is funded for three years by the 
Cancer Research Campaign. The 
position is available immediately, 
although consideration may be given 


to applicants who are completing 


=> postgraduate work later this year. 


| Salary on scale Research Fellow 1A 
- £7,190 — £11,615 with super- 
-annuation. 
Further details are available from 
- Professor A B Rickinson of the above 
Department (021-472 7607). 


Applications (three copies) with 
names of two referees to Assistant 
Registrar, Medical School, Birming- 
Kath BIS 2TJ, by 17th March 1984. 
-Qufoferef: RF/CS/Vir. ( 1322)A 
miian 

INSTITUTE OF 
CANCER RESEARCH 
POSTDOCTORAL 
RESEARCH CHEMIST 


Applications are invited from 
chemists with experience in 
heterocyclic chemistry and/or the 
‘synthesis of nucleoside derivatives 
and analogues. The work will be part 
of the cancer chemotherapy pro- 
gramme of the Drug Development 
< Section and will be undertaken in the 
Institute laboratories at Sutton, 
Surrey. 

The appointment is for three years 
-and the starting salary will be on the 
MRC non-clinical scientific grades as 
appropriate 
xS¥etience, training and age. 


Applications, including a full 
curriculum vitae and the names and 
addresses of at least two referees, 
should be sent. in duplicate to the 
Personnel Officer, Institute of 
Cancer Research, 34 Sumner Place, 
London SW7 3NU, quoting Ref: 
-300/G/43. (1336)A 










| Please mention 









ature 










-when replying to 
_ these advertisements 





depending on 


| quoting ref no: 84/26. Closing. 


British Postgraduate 
Medical Federation 
THE CARDIOTHORACIC 
INSTITUTE 
Research position up to post doctoral 
level, for one year in the first 
instance, to joina group studying the 
regulation of collage metabolism 
using in vitro (lung perfusion and 
tissue culture) methods, Experience 
in at least one of these techniques is 
essential. : 


Salary range £6,310 — £7,190 plus 
£1,186 London Weighting depending 
on age and qualifications. Candida- 
tes must be free to take up the 
appointment no later than 1 april 

84. For further details on the 
project telephone Dr G J Laurent 
01-352 3378. 


Applications toinclude curriculum 
vitae, list of publications and names 
of three referees should reach the 
Secretary, Cardiothoracic Institute, 
Fulham Road, London SW3 6HP no 
later than 12 March 1984. 

(1325)A 


—eettntrntntnt ner anre 


SWISS FEDERAL 
INSTITUTES OF 
TECHNOLOGY 


Position open: 
HYDROGEOLOGIST 


tO Carry out independent research 
and provide advisory services in the 
field of groundwater quality. Appli- 
cants must hold Ph.D. or equivalent 
in geology, geochemistry, chemistry 
or civil engineering. We desire a 
person with strong background on 
chemical, physical and biological- 
hygienic aspects of groundwater and 
their relation to geological environ- 
ment and water pollution. 


The applicant will be expected to 
collaborate with chemists, geologists 
and engineers. 


Send curriculum vitae including a 
list of publications and a list of 
references not later than April to 
Prof. Werner Stumm, Director, 
Swiss Federal Institute for Water 
Resources and Water Pollution 
Control, EAWAG, 860 Dübendorf, 
Switzerland, (W789)A 


crea cn 
UNIVERSITY OF BATH 
BIOCHEMISTRY DEPARTMENT 


Applications are invited for an 
Experimental Officer to work with a 
group investigating insect acety}- 
choline receptors. The person 
appointed will have particular 


responsibility for raising monoclonal | 


antibodies to the receptors. Prefer- 


ence will be given to persons with | 


relevant previous experience, e.g. cell 
culture and sterile technique. 


The appointment is for three years. 
Starting salary up to £6168 p.a. 


according to qualifications and. 


experience, 


Informal contact may be made| f 
with Dr G G Lunt on Bath 61224 ext To 


568. Application forms and furt 
details fromthe Personnel Offic 
University of Bath, Bath, BA? 7A 








UNIVERSITY OF LONDON | 







; - P Closing date for application 23rd March 1984. — 





















Dr. R. MAAG Ltd., A Swiss agrochemical company with m 
research center in Deilsdort/ Switzerland, has an opening fo 


Applications are invited from individuals with a PhD degree _ 
in plant physiology and, preferably, with several years of _ 
experience in mode of action studies of herbicides. The _ 
successful candidate should be well acquainted with the _ 
plant physiological and biochemical methods to study the _ 
following pathways: Photosynthesis (photosystem I+ 
inhibition, electron transport, phosphorylation, ca, 
assimilation); respiration (O, consumption, ATPase _ 
inhibition); chlorophyl, carotinoid, lipid, DNA, RNA and 
protein synthesis. Experience in auxine physiology is an 
asset. Modern laboratories and equipment are available. . 






Applicants (Swiss citizens) should submit a 
Curriculum Vitae, a list of their publications, andthe 
names of three references to Dr. R. MAAG Ltd, 
Dieisdorf, 
(W772JA 


personnel 
Switzerland. 


department, 8157 





M R C CLINICAL RESEARCH CENTRE 
(NORTHWICK PARK HOSPITAL) 
WATFORD ROAD, HARROW 
MIDDLESEX HAT 3UJ 





MEDICAL RESEARCH COUNCIL 


HEAD OF DIVISION OF 
PERINATAL MEDICINE 

Applications are invited for this senior post at the Medical. 
Research Council's Clinical Research Centre in association with — 
Northwick Park Hospital. 

Preference will be given to medically qualified applicants for 
whom an honorary clinical contract will be arranged with the 
North West Thames Regional Health Authority. There are 


exceptional opportunities for research in the fields of obstetrics d 


and paediatrics in which the appointee will be expected to Carry 
out a personal research programme and to have overall fa 
responsibility for the research direction of the division. 

Current interests of the division include studies of placental 
function but there are close research links with other divisions _ 
and sections of the CRC. The CRC may be visited by direct 
appointment and prospective candidates should discuss details of 
the post with the director, Sir Christopher Booth. Pes, 
Further particulars can be obtained from the Director's _ 
office, Clinical Research Centre, Watford Road, Harrow 


HA1 3UJ. Telephone 01-864 5311 ext 2220, 
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DEPARTMENT OF HAEM 











GE 


ATOLOGICAL 


RESEARCH ASSOCIATES 
- Applications are invited from post-doctoral or otherwise 
experienced graduates to participate in research programmes 


involving: 


(a) Preparation of specific murine antibodies to human myeloma 
and the potential production of monoclonal antibodies from 
hybridomas involving a human myeloma cell line. 


(b} Cytogenetic analysis of abno 
determination of breakpoints 


rmal clones and detailed | 
in structural rearrangements in 


myeloma and their relation to oncogene activation and 


paraprotein production. 


(c) The use of retroviral oncogenes and molecular hybridization 
techniques in a study of human myeloma and related 


malignancies. 


(d) Purification and exploitation of a cytotoxic factor produced by 
a cultured human cell line, using techniques of protein 
biochernistry and gene cloning. 


Salaries on an age-related scale, e.g. £7,630 at age 25 to £9,875 at 


age 30. 
Applications with c.v. 


and names of two referees to 


Professor F. G. J. Hayhoe, Department of Haematological 
Medicine, Hills Road, Cambridge CB2 2QL before April 4th 
1984. (1308)A 


THE UNIVERSITY 
OF BIRMINGHAM 
FACULTY OF MEDICINE 
AND DENTISTRY 


DEPARTMENT OF CANCER 
STUDIES 


POST-DOCTORAL 
CELL BIOLOGIST/ 
IMMUNOLOGIST. 


A vacancy exists for a post-doctoral 
scientist with experience in cell 
biology/immunology to join a 
research group studying cellular 
transformation by the Epstein-Barr 
virus. The project, which will be 
carried out in the Department’s new 
laboratory, is funded for three years 
by the Cancer Research Campaign. 
The position is available 
immediately, although consideration 
may. be given to applicants who are 
completing postgraduate work later 
this year. Further details are available 
from Professor A B Rickinson of the 
above Department (021-472 7607). 


. Salary on scale Research Fellow 1A 
£7,190 — £11,615 with super- 
annuation. 


Applications (three copies) with 
names of two referees to Assistant 
“Registrar, Medical School, Birming- 
cham B15 2TJ, by 17th March 1984. 
Quote ref: RF/CS/Imm, (1323)A 





-BIOCHEMIST. Rapidly growing 







biotechnology firm is seeking 
“Biochemist to participate in research 
aimed at development of liposome- 
“based drug delivery systems. Must 


FACULTY POSITION 
IN 
MOLECULAR BIOLOGY 


As part of a continuing program of 
growth and development, the Boston 
College Biology Department will 
make several tenure track appoint- 
ments during the next few years. 


Applications are invited for the 
first position, which will be filled as 
early as September, 1984 at the assis- 
tant or associate professor level. 
Candidates should have a vigorous 
research program in molecular 
biology, preferably utilizing recom- 
binant nucleic acid techniques, and 
have a commitment to teaching at the 
graduate and undergraduate levels. 


We offer a competitive salary and 
start-up funds. The department has 
an active MS and PhD program in 
research areas that emphasize the 
cellular, molecular and biochemical 
approaches to biological problems. 


Applications, including the names 
of three references should be sub- 
mitted by April 1, 1984 to: Chairman, 
Biology Search Committee, Biology 
Department, Higgins Hall, Boston 
College, Chestnut Hill, Mass 02167. 
(NW347)A 


POSTDOCTORAL POSITION 
A position is available to join our 


work on the molecular biology of the 


expression of acetylcholine receptors 
in nerve and muscle. Highly 
motivated candidates with relevant 





| of research into Seyferts or Quasars 






DEPARTMENT 
AND PHARMACOLOGY 
POST-DOCTORAL 

RESEARCH ASSISTANT 
Applications are invited for a post- 


doctoral position funded by the MRC | 


for 3 years to work on ‘The Role of 
5-hydroxytryptaminergi-peptidergic 
Neurones of Spinal Cord in the 
Control of Motor Function’ with Drs 
G W Bennett and C A Marsden. 
Preference will be given to candidates 
with previous experience in analytical 
procedures, receptor binding, or 
electrophysiological techniques. 
Salary will be in the 1A range £7,630 
— £8,530 pa. Starting date not later 
than October 1984. 


Applications and requests for 
further information should be 
addressed to Dr G W Bennett, 
Department of Physiology and 
Pharmacology, Medical School, 
Queen’s Medical Centre, Clifton 
Boulevard, Nottingham NG7 2UG, 
and should include a cv with the 
names and addresses of two referees. 

(1340)A 


UNIVERSITY COLLEGE 
LONDON 


DEPARTMENT OF PHYSICS AND 
ASTRONOMY 


A POST DOCTORAL 
RESEARCH ASSISTANT 


post is available from October 1984 in 
the Ultraviolet. Astronomy Group of 
Professor R Wilson, CBE, FRS. The 
research programme is based mainly 
on IUE observations, but uses 
complementary data in the inf rared, 
optical and X-ray regions. A range of 
studies is currently in hand covering 
luminous stars, X-ray binaries, 
interstellar matter and active 
galaxies. This particular post will be 
located in the last area and experience 


will be an advantage. 


The appointment will be limited to 
three years with a salary in the range 
£7,190 — £8,530 +£1,186 London 
Allowance. 


Applications with cv from 
interested candidates should be sent 
to Professor R Wilson, Department 
of Physics & Astronomy, University 
College London, Gower Street, 
London WCIE 6BT. (1326)A 





UNIVERSITY OF 








OF CAMBRIDGE T 
CAVENDISH LABORATORY 
SENIOR ASSISTANTIN 
RESEARCH S 
(Electron Microscopy) __ 
The Laboratory wishes to fill Afe — 
above University post for duuar 
involving the supervision of new. 
applications of analytical. electron. . 
microscopy as well as the design and 
commissioning of improved equip. 
ment. Excellent research facilities and- - 





technical support are available. The 
appointment is for a five-year period — 
but is renewable and carries a stipend 
in the range £8,530 to £10,710 pa. 


The Secretary, Faculty Board of 
Physics and Chemistry, Institute of 
Astronomy, University of Cambridge, 
Madingley Road, Cambridge CB3 
OHA can provide further information 
if required and should receive. 
applications (10 copies, one for 
overseas applicants), complete with 
curriculum vitae and names of not 
more than three referees, by 9 March 


1984. 
(312A 





STAFF RESEARCH 
ASSOCIATE H 


Position available as research 
technician to join a group studying 
expression. of genes at the RNA and 


_ protein level in human cells and 


tissues. The salary offered is 
$2,022/mo. The minimum require- 
ments are graduation from college 
with a major ina related field, plus 3 
years of experience in the kind ‘of 
work to be performed; or an equiva- 
lent combination of education and 
experience. 


Candidate will be involved in 
DNA, RNA and protein characteri- 
zation and should have considerable 
background in tissue culture; nucleic 
acid isolation, blotting and hybrid- 
ization techniques; protein analysis 
using liquid phase immunopregipi- 
tation and Western blof 
immunologic techniques, incluay 
hapten-carrier coupling, animal 
immunization and ELISA assay of 
sera. 









Send resumé and names of three 
references to Dr Dennis Slamon, 
Department of Medicine, Division of 
Hematology-Oncology, Factor Bldg, 
room 11-151, UCLA School ol 
Medicine, Los Angeles, Californie 
90024. (NW348)A © 





NEWCASTLE UPON TYNE 
RESEARCH ASSOCIATE/ 
JUNIOR RESEARCH pa: a 1t 
ASSOCIATE Research Associate will be o 















“fave PhD in Biochemistry with at 








background in molelcular biology 

















“par re ars - : . 

‘least one year’s post gr aduate | and/or biochemistry should send a 
~-research,experience in the liposome | Cy and list of 3 references to: J P 
«field ‘esearch experience with 


Merlie, Dept. of Pharmacology, 


ie ee es Washington University School of 


site: San. 


d | St Louis, MO 63110. 


The position is available im- 
Box | mediately and is funded by aresearch 










| Medicine, 660 South Euclid Avenue, _ 


amentog. California | grant for a minimum of 2 years. 
uw March/16, 1984. Renewal for a third and final year is 
a A (NW339)A — I possible. 0 (NW330A 


Applications are invited for a post of Range IB scale £6,310 — £8 53 i Pa 
Research Associate or Junior : | 
Research Associate to join a team 
working on an MRC funded project 
investigating thyroid autoimmunity 
jn man. Candidates must have a good 
degree in the biological sciences oF 
chemistry and should preferably have of Mi 
postgraduate -research experience. Infirmary 
The. post is ‘available until 30th . Newcastle 
November 1986. For candidates — later th 
eligible for appointment to the Range ` 


on Tyn 
Aarch 1984 
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EDICAL SCHOOL 
DEPARTMENT OF 
HISTOPATHOLOGY 
IVERSITY OF OXFORD 
XEPARTMENT OF DERMATOLOGY 
+ POSTDOCTORAL 
ENTIFIC RESEARCH 
OFFICER 
esearch worker at post-doctoral 


| is required to join a group 
rested in growth control in 


uman hair follicles in health and 
se Experience in skin 
morphology research, or in cel] 
kinetic methodology, would be an 
- advantage. 


ae - Salary on Range 1A, £7,190 to 
-. £13,615 plus £1,186 London Allow- 
alice a year. 


= Application forms and further 
particulars available from the 
_ Personnel Office, Royal Post- 
graduate Medical School, 150 
_ Ducane Road, London W12 0HS 
quoting ref 6/NAW/H. 


Closing Date 15 March 1984. 
(L324A 





"© UNIVERSITY OF 
"EDINBURGH 


DEPARTMENT OF ZOOLOGY 
RESEARCH ASSOCIATE 


-- Applications are invited from 
candidates possessing or anticipating 
-& good honours degree in Biology or 
- @oology for an S.E.R.C. funded 
Research Associate position. The 
appointee will work on Pattern 
‘Formation in Insect Development in 
collaboration with Dr. Vernon 
- French, and the work will involve 
delicate surgical operations on insect 
“larvae. 


The post is tenable for three years, 
Starting April 1984 (or as soon as 
‘possible thereafter). 


Salary on the R.A. 1B scale, up to 
'45. (plus superannuation), 
ding on age. 





¿For further particulars *phone 
031-667-1081, extension 3342. 
Applications, including full 
Curriculum Vitae and naming two 
referees, to The Secretary’s Office, 
University of Edinburgh, Old 
College, South Bridge, Edinburgh, 
EHS, by 16th March 1984. Please 
“quote reference no. 5151. (1332)A 
“POSTDOCTORAL POSITION 
Ta IN PHYSICS 

-A postdoctoral position is available 
immediately at the Physics Depart- 
‘ment of Emory University. The 
research involves applications of 
biognuemical and spectroscopic 
piques to the study of metal- 
foproteins. Recent doctorates in 
physical chemistry or biochemistry 
are invited to apply. Experience in 
protein purification is desirable. 


0 Send résumé and two letters of 
tecommendation to Dr B H Huynh, 
Physics Department, Emory Univer- 
sity, Atlanta, GA 30322. Emory 
rsity is an Equal Opport- 

ffirmative-Action employer. 
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ithelial tissues to assist in an MRC 





THE UNIVERSITY OF 
BRITISH COLUMBIA 


GRADUATE STUDIES 
IN CHEMISTRY 


Applications are invited from 
candidates with high academic 
records who wish to pursue further 
Studies towards the MSc and PhD 
Degrees in Chemistry. Excellent 
research facilities are available in all 
areas of modern Chemical Science, 
ranging from Biological Chemistry to 
Chemical Physics. Teaching and 


research assistantships are available | 


for all students in the programme. 
Stipends up to $20,800 are available 
to highly qualified students who hold 
scholarships; the minimum stipend 
for 1983/84 is $11,000. 


Application forms and further 
particulars may be obtained from: Dr 
L Weiler, Professor and Head, 
Department of Chemistry, The 
University of British Columbia, 2036 
Main Mall, Vancouver, BC, Canada 
V6TILY6. (NW773)A 


Mesner onneen nerean 


UNIVERSITY OF 
ST ANDREWS 


DEPARTMENT OF ANATOMY AND 
EXPERIMENTAL PATHOLOGY 


RESEARCH ASSISTANT 


Applications are invited from 
graduates in biological sciences for 
the position of research assistant to 
take part in a study concerned with 
developing a suitable model for 
studying the effects of cytotosic 
agents on leukaemic haemopoiesis. 


The appointment is funded by the 
leukaemia research fund for a period 
of two years. Starting salary £6,310 
per annum plus USS. Further 
information may be obtained from 
Dr A C Riches, Department of 
Anatomy and Experimental 
Pathology, University of St 
Andrews, Fife, KY16 9TS. 


Applications (two copies 
preferably in typescript) with the 
names of two referees, should be 
submitted by 21 March 1984 to the 
Establishments Officer, The 
University, College Gate, St 
Andrews, Fife, KY16 9AJ. 

(1344)A 
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OXFORD UNIVERSITY 
PHYSICAL CHEMISTRY 
LABORATORY 
TEACHING LABORATORY 
OFFICER 
The Department intends to appoint a 
Teaching Laboratory Officer to 
develop new and maintain existing 
experiments for the undergraduate 
course, Candidates should be skilled 
in teaching practical physical 
chemistry and have some knowledge 
of computing and electronics: a part- 
time association with a research 

group is not excluded. 


The appointment is on the scale of 
RSIA from £7,190 to £11,615 with 
USS. 

Further particulars from Professor 
J S Rowlinson, Physical Chemistry 
Laboratory, South Parks Road, 


Oxford, OX! 3QZ, to whom applica- į 
tions should be sent by 3ist March | 

































The Department of Medical Microbiology, 
invites applications for a research (75%) 

teaching (25%) position at the assistant or ass 
Current salary range: $29,720 — $41,820 p.a. (as: | s 
$37,420 — $53,658 (associate professor). Applicants musth 

















































The position will depend upon successful application to ane: 


granting agency for a long-term research scholarship award an 


n 
non-renewable two-year establishment grant. The >$ S 
candidate will enjoy the privileges of the University rank at wh 
appointment is made and will also be expected to apply immediately 
for operating grants for research support from other granting 
agencies. meen 


Please submit curriculum vitae, description of research goals 
and interests, and the names, addresses and telephone 
numbers of three referees to The Chairman, Department 
Medical Microbiology, Medical Sciences Buildin 
University of Alberta, Edmonton, Alberta T6G 2H7, Canada, 
no later than April 30, 1984. ve 


The University of Alberta is an equal opportunity employer 
but in accordance with Canadian immigration requirements 
this advertisement is directed to Canadian citizens and 
permanent citizens. INW338)A 




























SMITHSONIAN TROPICAL 
RESEARCH INSTITUTE 


DEPUTY DIRECTOR 


Applications are invited for this position, 
which falls vacant due to the appointment of 
Dr Michael H Robinson as Director of the 
National Zoo. The Smithsonian Tropical 
Research Institute (STRI) is a bureau of the 
Smithsonian Institution of Washington, DC 
devoted to basic research in tropical 
ecology, animal behaviour and evolution. 
These activities are conducted principally in 
the republic of Panama with comparative — 
Studies encourage throughout the new and 
oid world tropics. The STRI also supports 
programs in graduate education and 
conservation. 

The incumbent will need to demonstrate a 
commitment to the support of innovative 
basic research, as well as to the 
administrative management of STRI with 
approximately 200 employees and more | 
than 1000 visiting scientists and students 
annually. 

Candidates should possess a PhD degree 
with a research background in an area of 
STRI research interest. A knowledge of f 
Spanish and an ability to communicate f 
effectively to both scientists and f 
government managers will be helpfull. t 
Salary between £43,000 — $59,000 plus 
allowances. Inquiries including a CV and a 
description of your interest in STRI should 
be sent to: ` 


Dr. IRA Rubinoff, Director, 
Smithsonian Tropical Research 
institute 

APO Miami 34002. 


Appointment will be made witheut. 
regard to sex, citizenship, race, 
religious or other factor irrelevant 
execution of the job. (NW: 








































GENET? is 
THE HOSPITAL 


IST-IN-CHIEF 
FOR SICK CHILDREN 
> TORONTO, CANADA 
`- The Hospital for Sick Children, a 698 bed teaching hospital affiliated 
with the University of Toronto, seeks a new Geneticist-In-Chief to 
head a multidisciplinary group of clinicians and researchers. 
- The Genetics Department consists of a clinical group of five full- 
J time medical geneticists and a research group with eight full-time 
Scientists. The clinical group, appointed to Paediatrics as weil as 
> Genetics provides diagnostic services, syndrome identification, 
` genetic counselling, chromosome analysis, prenatal diagnosis and 
a metabolic disease management. The research group encompasses 
-. both basic and applied research with an emphasis on the molecular 
approach to human gene structure and function. There is a Clinical 
Fellowship Program leading to certification by the Canadian College 
of Medical Geneticists. There is an active graduate PhD and post- 
` doctoral training program. 
The Geneticist-In-Chief (MD, PhD or both), should conduct his or 
her own research, preferably in the molecular area. 
A letter of application should be sent with a curriculum vitae 
} to: Mr. Bruce Launghton, Assistant Administrator, The 
| Hospital for Sick Children, 555 University Avenue, Toronto, 
| Ontario, Canada M5G 1X8. (NW352)A 








BIOTECHNOLOGISTS! 


Are. you reading Bio/Technology, the International Journal for 
“Industrial Biology? 


Fora free sample copy of this new monthly Journal from the Publishers 
- of Nature, please write or phone: 


Mirta Soto Felicity Parker 
Bio/Technology Bio/Technology 
15 East 26th Street Houndmills Industrial Estate 
New York 10010 Brunel Road, Basingstoke 
USA Hampshire, UK 
< Tel: (212) 689 5900 Tel.: (0256) 29242 
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UNIVERSITY OF CAMBRIDGE 
THE BIOTECHNOLOGY CENTRE 


The newly established Biotechnology Centre at Cambridge has 
excellent research facilities and expects shortly to be able to appoint 
a Postdoctoral Research Assistant to work ona project involving the 
development of new techniques in high performance liquid affinity 
chromatography as part of a joint programme with the Centre for 
Applied Microbiology and Research, Porton Down. Some 
experience in chromatography is desirable but not essential. The 
appointment is for a three year period and carries a starting stipend 
of £7,190 p.a. 

Potential applicants should send a CV to Dr C. R. Lowe, The 


oe Biotechnology Centre, Downing Street, Cambridge CB2 3EF 























UNIVERSITY OF CAMBRIDGE 


THEORETICAL 
SEISMOLOGIST 
it is hoped soon to appoint a postdoc to work independently in the 
general field of theoretical seismology. An interest in seismic 
modelling and interpretation, particularly of body-waves, would be 


uitable. Stimulating environment with other theoretical, 
refraction, reflection and earthquake seismologists. University 


















assor C. H. Chapman, Bullard Laboratories, 
E; ences, University of Cambridge, 
dge CB30EZ, England by 30th May. 

Toni Oo o (B2DA..; 


















UNT DRAE 
~ LONDON 


DEPARTMENT OF HAEMATOLOGY | 


Applications are invited for a 
POST-DOCTORAL 
RESEARCH ASSISTANT 


to work on the identity and 
mechanism of microbicidal action of 
the proteins from the cytoplasmic 
granules of phagocytic leukocytes, 
and their relationship between their 
cellular concentration and suscep- 
tability to disease. The position is 
funded by the Wellcome Trust for 3 
years from 1 April 1984 or shortly 
thereafter. The appointment will be 
in Range IA. 


Preference will be given to 
applicants (aged not above 32) with 
experience in protein purification in 
relationship to the field of cell 
biology. Some bacteriological 
experience would be an advantage. 
Applicants should include a cv and 
the names of two academic referees 
and should be sent before 15 March 
to Dr A W Segal, Department of 
Haematology, University College 
Hospital, Gower Street, London 
WC. (1315)A 


caasasrnanermaasionmenniaiiniianiterde tte AEAN AANA AAE AAAA 


CANCER RESEARCH 
SCIENTIST 


Position open for junior career 
scientist to be associated with a group 
studying molecular mechanisms of 
tumor promotion and carcinoge- 
nesis. Candidates should have 
training at the doctoral level and 
demonstrated ability for independent 
research in areas such as recombinant 
DNA and oncogenes, cell trans- 
formation systems or animal models. 


Appointment will include 
affiliation with the University of 
Ottawa, Faculty of Health Sciences. 
After an initial period, the candidate 
will be expected to obtain continuing 
support for research from 
competitive grants. 


In accordance with Canadian 
immigration requirements, this 
advertisement 1s directed to 
Canadian citizens and permanent 
residents. 


Applicants should send resume 
and the names of three referees to: Dr 
H C Birnboim, Head, Department of 
Experimental Oncology, Ontario 
Cancer Treatment and Research 
Foundation, Ottawa Regional 
Centre, 190 Melrose Avenue, 
Ottawa, Ont. K1Y 4K7, Canada. 

(NW34DA 


NIVERSITY COLLEGE | UNIVERSITY OF GLAS 





DEPARTMENT OF DERMATOLOG 
POST DOCTORAL | 
RESEARCH ASSISTANT 


Applications are invited for th 
above position in a small gre 
studying the differentiati 
normal and abnormal epiderm 
successful candidate will investigat 
factors controlling the proliferat 
and differentiation of the epider 
in vivo and in vitro with particu 
reference to the expression of cyt 
skeletal proteins. ce 

The position is supported until 31 
December 1988 by a programme — 
grant from the Medical Research 
Council. Initial appointment will be- 
at a salary of £7190 p.a. on range IA 
of the salary scales for Research and 
Analogous Staff with superannua- 
tion benefit. 





Applications enclosing a curricu- 
lum vitae and the names and 
addresses of two referees should be 
submitted to Dr. D. Skerrow, 
University of Glasgow, Department” | 
of Dermatology, Anderson College. 
Building, 56, Dumbarton Road; 
Glasgow, G11 6NU. (31BIA 
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UNIVERSITY OF 
PENNSYLVANIA 
DIABETES RESEARCH 
CENTER 
TWO RESEARCH 
ASSISTANT PROFESSORS 


non-tenure track, PhD or MD, with = 
pertinent postdoctoral experience. 
Candidates will be expected to have 
theoretical knowledge and practical. 
proficiency in molecular biology for 
studying fundamental problems of 
pancreatic islet cell metabolism or: 
expertise in biochemical pharmaco- 
logical approaches to investigate the: 
role of ion channels and pumps in- 
stimulus secretion coupling in. 
endocrine cells. , 


Please send résumé, including list 
of publications and summary of 
research, and three letters.gof 
reference to: Franz M Matschifi@y, 
MD, Director, Diabetes Research 
Center, University of Pennsylvania; | 
School of Medicine, 414 Anatomy- 
Chemistry Bldg./G3, Philadelphia, 
PA 19104. : 


The deadline for applications is 
March 30, 1984. The University of 
Pennsylvania is an Equal Opport- 
unity/Affirmative Action employer. 

(NW337)A 



































‘biotechnology. 





FELLOWSHIPS 





_ SWISS FEDERAL INSTITUTE 
OF TECHNOLOGY 
POSTDOCTORAL 
o FELLOWSHIP 
_ for inorganic chemist, Fe-chemistry 
in solution and on surfaces 
(corrosion). Also catalytic 
-decomposition of H,O». Team of 4-6. 
Minimum 18 months, available 
immediately, good salary. Three 
_Teferences required. 


: < Apply to: Dr Ulrich Meyer, Techn- 
chem Labor, ETH-Zentrum, 8092 
‘Zurich, Switzerland. (W78DE 


_UNIVERSITY OF WARWICK 
: POSTDOCTORAL 
FELLOWSHIP 

ee PHYSICS 
Applications are invited for a SERC 
supported post for three years in the 
Department of Physics to work with 
Dr G Rowlands on theoretical 
problems associated with the 
calculation of transport coefficients 
(Diffusion constants, Liapunov 
numbers) appropriate to general 
dynamical systems. A major part of 
the project is to apply concepts from 
the field of dynamical systems to a 
study of surface morphologies. 


applicants should have a strong 
est in non-linear physics. Salary 
30 pa on the Research IA scale: 
190 — £11,615 pa. 


Vritten applications should 
include a full curriculum vitae and the 
ames of two referees to Dr G 
lands, Department of Physics, 
ersity of Warwick, Coventry 
7AL (to whom informal 
may be made). Closing date 
tof applications, ih April, 















JAPANESE 
BIOTECHNOLOGY 


An in-depth series of site visits, conferences and 
‘seminars with some of Japan’s leading 
Industrial scientists and executives in 


This exclusive study tour is designed to give 
western scientists and executives an 
- Opportunity to become acquainted with the 
_. Japanese marketing and research capacity. The 
_ mission will be led by Christopher G. Edwards, 
|. Editor in Chief of BIO/TECHNOLOGY, and 
Organized by the Technology Transfer 
_ Institute. Visits will be conducted throughout 
_ Japan from March 31-April 15. 
_. For further information, contact: Technology 
| Transfer Institute — New York, One Penn 
- Plaza, Suite 1411, 250 W. 34th St., New York, 
$ N.Y. 10119. 212-947-2648 telex 420057TTIUI. 
- Attention: Mr. Hashizume. 









(NW174)C 








A POSTDOCTORAL Fellowship is 
available in protein crystallography 
related to active sites and regulatory 
mechanisms, including enzymes 
modified at the DNA level by recom- 
binant techniques. Applicants from 
the area of small molecule crystal- 
lography will also be considered. 
Applicants may write to Prof 
William N Lipscomb, Gibbs 
Chemical Laboratory, Harvard Uni- 
versity, Cambridge, MA 02138, 
USA. Harvard University is an 
Affirmative Action/Equal Oppor- 
tunity Employer. (NW30)DE 
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UNIVERSITY 
OF SOUTHAMPTON 
NUTRITION GROUP 
SCHOOL OF BIOCHEMICAL 
AND PHYSIOLOGICAL 
SCIENCES 


Applications are invited for a 
temporary (l year) teaching 
fellowship in the Nutrition group. 
Applicants should preferably have a 
PhD or will have submitted by the 
starting date of this appointment, 
which will be between August Ist and 
September Ist 1984. While applicants 
with expertise in any area of 
Nutrition will be considered, 
preference will be given to candidates 
with research experience in a 
metabolic aspect. The Teaching 
Fellow will contribute to the lecture 
and practical programmes for both 
Medical and Science undergraduates. 


The salary, which will be in the 
range of £7,190 — £11,615 will be 
according to age and experience. 
Further details may be obtained by 
writing to A J Small, Staffing 
Secretary, The University, South- 
ampton SO9 5NH. 


Applications, to include a 
curriculum vitae and the name and 
address of three referees should be 


(3L)E. 















submitted by April 20th quoting | 
Reference AJS/ 1286/R/N. oe 






the company. 


The successful candidate will have a strong 
background in chemical engineering, microbiology or 
a similar biotechnology related discipline plus a good 
track record of broad based general management ina 
sales orientated company. | 


Please send full details of career to date and 
current remuneration package to box no. J39 
Biotechnology, 15 East 26th Street, New York. 


New York 10010. 


UNIVERSITY OF 
NOTTINGHAM MEDICAL 
SCHOOL 
DEPARTMENT OF BIOCHEMISTRY 
POSTDOCTORAL FELLOW 


Applications are invited for a post- 
doctoral fellowship supported by 
Pfizer Ltd, to study inositol and 
phospholipid metabolism of 
peripheral nerves in relation to 
diabetic neuropathy., 


The post is for two years initially, 
at a starting salary between £7,190 
and £8,080, depending on age and 
experience, with USS membership. 


Applications, including cv and the 
names of two referees, should be 
made as soon as possible, to 
Professor J N Hawthorne, Depart- 
ment of Biochemistry, Medical 
School, Queen’s Medical Centre, 
Nottingham NG7 2UH, from whom 
further information may be 
obtained. (1304)E 









UNIVERSITY OF WARWICK 


DEPARTMENT OF PHYSICS 
POST-DOCTORAL 
RESEARCH FELLOWSHIP 
A new research programme in 
information Technology is being 
initiated to develop and investigate 
special glasses for advanced fibre 
optics telecommunications systems. 


The postdoctoral fellowship is 
available for a period of up to 3 years 
on the salary scale £7,190 to £1 1,615, 
Applications are invited from 
physicists, chemists and materials 
scientists who have or expect to have 
a PhD degree. Experience in glass 
preparation and/or infrared optics 
would be an advantage. 


Applicants should send their curri- 
culum vitae, including the names of 
two referees, to Professor P W 
McMillan, Department of Physics, 
University of Warwick, Coventry 
CV47A1. Closing date for receipt of 


) applications 23rd March, 1984. 


GENERAL MANAGER 
BIOTECHNOLOGY EQUIPMENT _ 
COMPANY = 

The company is a highly reputed, east coast based 
fast growing supplier of capital equipment to the USA 
pharmaceutical and biotechnology industry. x 


The products are acknowledged technological leaders. ; 
and are backed by an unusually compentent sales and 
service team devoted to first class customer suppor 


The position carries full responsibility for the 
marketing administrative and financial operations of 
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UNIVERSITY OF EXETER 
DEPARTMENT OF PHYSICS 
THEORETICAL POST- o 

DOCTORAL RESEARCH. 
FELLOWSHIP = | 
Applications are invited for this post 
funded by SERC to study and 
develop theories for the velocity of 
dislocations in semi-conductors, 


The post is tenable from į October 
1984 for one year in the first instance 
with the possibility of renewal fortwo 
more years. Initial salary will bein the 
range £7,190 — £7,630 per annum. 

Applications together withthe 
names of two referees should be sent 
to Dr R Jones, Department of 
Physics, University of Exeter, Exeter 
EX4 4QL, by 30 April 1984. => oe 
(1303)E a 

STUDENTSHIPS 
UNIVERSITY OF ABERDEEN | 
DEPARTMENT OF MICROBIOLOGY — 
POSTGRADUATE © 5 ae 
STUDENTSHIPS —. ; 
Applications are invited for a numb 
of Studentships (Quota and CAS 
that will be available for sessi 
1984-85. Subject areas include: 
a) Sulphate reducing bact 
taxonomy, biofilms, corrosion 












regulation, primary production; 
Filamentous growth of actino 
cetes and fungi; nitrification 
surfaces. e) Hyphal growth- 
differentiation in fungi. l 


Further particulars from Pro 
W A Hamilton, Departm 
Microbiology, Marischa 
University, Aberdeen, 














NATOMICAL SOCIETY OF GREAT BRITAIN AND IRELAND 
_ ANATOMICAL SOCIETY GRADUATE 
a STUDENTSHIPS 


Applications are invited for two Studentships tenable in the Anatomical 
Sciences for a period up to three years. Nominees would be expected to 
work for a higher degree by research. Candidates must be graduates of 
“British or irish Universities and must have arranged sponsorship with a 






Sports Science 
Scholarships 














THE UNIVERSITY 
OF SHEFFIELD 


DEPARTMENT OF HUMAN 
METABOLISM & CLINICAL 
BIOCHEMISTRY 


. POSTGRADUATE 
“RESEARCH STUDENTSHIPS 


Applications are invited for the 
‘above tenable from 1 October 1984 in 
one of the following areas: 


‘|. Studies on the hormonal 
regulation of the function of human 
“bone cells in vitro. 


2. Calcium and vitamin D 
“metabolism in man in health and 
disease. 

‘4, Mechanisms of inflammation and 
control of proteinase and prosta- 
glandin production by huamn 
-chondrocytes in relation to arthritis. 


c4, Studies on intracellular 
_ mechanisms controlling putuitary 
_ hormone secretion. 

_§, Neuroendocine control in the 
< hypothalamic-pituitary axis. 

6. Studies on the relationship of 
“phosphate metabolism and cell 
function. 










The Department has excellent 
cilities for laboratory and clinical 
irk, with emphasis on endocri- 


< Department of Anatomical Sciences in the UK or Ireland. The stipend 
i will be commensurate with basic Research Council rates. 


ANATOMICAL SOCIETY SENIOR 
VISITING FELLOWSHIP 


“Applications from Overseas Scientists are invited for one Fellowship 
tenable for a perido of less than a year in a Department of Anatomical 
Sciences in the UK or Ireland. Applicants should be of post-doctoral or 
“comparable status and must hav 

Department in which they intend to work. Some assistance towards 
-travel and subsistence will be provided. 


‘further particulars of the Appointments should be obtained 
- from the Honorary Secretary, Prof. J. A. Gosling, Department of 
Anatomy, Stopford Building, University of Manchester, Oxford 
Road, Manchester M13 9PT, to whom applications should be 
sent by June 30th 1984. Applications for Studentships must be 
accompanied by sealed letters of support from two referees. 








e arranged sponsorship in the 


(1307)F 





UNIVERSITY OF 
NOTTINGHAM 
and 
TROPICAL DEVELOPMENT 
RESEARCH INSTITUTE 


RESEARCH STUDENTSHIP:- 
STABILITY OF TROPICAL 
FISH MUSCLE PROTEINS 


Applications are invited from those 
holding a first or second class 
honours degree in food science, 
chemistry, biochemistry or related 
discipline for a T.D.R.I. research 
studentship tenable in the Food 
Science Laboratories of the Depart- 
ment of Applied Biochemistry and 
Food Science. The successful candi- 
date will be required to register for a 
higher degree of the University of 
Nottingham and will be engaged full- 
time on a programme designed to 
evaluate the factors affecting the 
stability of tropical fish muscle 
proteins during processing. 


The scholarship is for 3 years. 


Applicants should forward a 
curriculum vitae including the names 
of two referees to:— Dr. D.A. 
Ledward, Dept. of Applied 
Biochemistry & Food Science, 
University of Nottingham, School of 
Agriculture, Sutton Bonington, 
Loughborough, Leics. LE12 SRD. 
(Telephone Kegworth 2386) 

(1330)F 


FOR SALE and WANTED 













a PhD. 


renewable for a third. Successful applicants are expect to r 


Applications should be submited by 31 May 1984. 


For further particulars please contact the Research Unit, The Sports ee 
Council, 16 Upper Woburn Place, London WC1H QOP. [ 1327)H o 















ANNOUNCEMENTS 











FIRST ANNOUNCEMENT 


+ + 

















workshops. 

Organizing committee: 

H. Kirchner, chairman 

K. Cantell, co-chairman 

H. Shellekens, co-chairman 
J. Viicek 

£. de Maeyer 


070-814481. 






1984 TNO-ISIR MEETING ON THE INTERFERON SYSTEM ere 


The meeting will be held in HEIDELBERG, Federal Republic of 
Germany, October 21 — October 25, 1984. 

This meeting is the Third International TNO Meeting on the T 
Biology of the Interferon System and is organized under the F 
auspices of the International Society for Interferon Research USR} 
All aspects of the interferon system will be dealt with. Apart from =>}. 
review lectures and invited papers there is ample opportunity to | 
present papers either by poster or orally. Baggs 
Special selected poster can be presented in special poster aided -P 


Opportunity for industrial display. 

For further information, please write to: TNO Corporate 
Communication Department, PO Box 297, 2501 BD THE 
HAGUE, The Netherlands, Telex 31660 tnogv ni. Phone 













« : 


W. J. C. Meigert 
K. Zoon 
H. K. Hochkeppel 


(W786)M 


ASSISTANTSHIPS 
UNIVERSITY The appointment will be for 18 
OF NOTTINGHAM months. Salary on scale £6,310 — 
SCHOOL OF AGRICULTURE £7,190 pa. ae 


Applications are invited from 
appropriately qualified people for a 
RESEARCH 
ASSISTANTSHIP 
in the Department of Agriculture and 
Horticulture to work in the following 
area: Voluntary feed intake in the 

growing pig. 


Applications with curriculum sae 
including names and addresses ONZvo 
referees should be sent to Mr Mj W 
Pitt, Assistant Registrar, University 
of Nottingham, School of Agri- 
culture, Sutton Bonington, 
Loughborough, as soon as possible. 

(1305P 








CONFERENCES and COURSES 


EMBO Course on me 


RECOMBINANT DNA TECHNIQUES 
September 17—29, 1984 


National Research Foundation, Athens, Greece oe 
The course will provide training in the basic techniques of molecular. 
cloning. It will be suitable for participants at an advanced predoctoral or. 
itize recombinant DNA techniques in 


taught. No previous knowledge of cloning technology will be assumes 
Participants will prepare and screen cDNA and genomic clone bank 













































logy and calcium metabolism, 
nnective tissue biology, ‘cancer 


| research. and thrombosis. Applic- WANTED AND FOR SALE 















tions, including a curriculum vitae Scientific and Technical Applications should include a short curriculum vitae, statement » 
and the names of two referees, should Reviews. research interests and a letter of recommendation. The registration fee 
be sent to Dr B L Brown, Department Please inquire for runs or | is 5.000 Dr. Upon motivated request some fellowships for board and 
“Human Metabolism & Clinical single volumes. | lodging will be granted. : 
ochemistry University of Sheffield | SANTO VANASIA The closing date for applications is April 30, 1 
sdical School, Beech. Hill Road, | | 58 Via M. Macchi , 





jeld S10 2RX (tel: 0742 26484 Peasy chet 
37) as soon as possible. Quote | _ 20124 MILANO, Italy. | |] Center, Nati 
oc en nese Webel 5 









Pian 


Wiber 1984 

peers techniques in development, 

m enS cary Geve nent, dedifferentiation and its relationship 

embryogenesis, developmental and temporal regulation of 

nes, tissue specific expression, somatic cell genetics as a tool, 

rmonal regulation of expression, promotors, enhancers and 

her regulatory elements, injection of foreign DNA into embryos 
and its expression, approaches in other animals. 





: Specific systems include: H-2, HLA and disease, antibody genes, 
g = muscle differentiation, nervous system, lens cell, X-inactivation, 

86x determination, the T/t locus, oncogenes and the cancer 
problem. 





Lecturers include: C. Morandi, V. Sgaramella (Pavia, Italy), 
A. Carbonara (Torino, Italy), G. Tocchini-Valentini (Roma, Italy), 
G. Bulfield, R. Clayton, N. Hastie (Edinburgh, UK), A. McLaren, 
P. Goodfellow (London, UK), M. Lyon (Harwell, UK), P. Démant 
(Amsterdam, Netherlands), V. Pirrotta (Heidelberg, FRG), 
_V. Chapman (Buffalo USA), K. Paigen (Berkeley, USA}, P. Brdlet 
Paris, France). 


The Course will consist of lectures, seminars and journal clubs and 
ts organised for EMBO by G. Astaldi Ricotti, C. Morandi, G. Della 
Valle (Pavia) and G. Bulfieid (Edinburgh). The Course fee is $280 
which includes all meals and accommodation. For further details 
nd applications with brief CV and research interests by 7st June 
limit 60 people) to: 


Dr Grahame Bulfield (EMBO Course 1984/9) 
AFRC Poultry Research Centre 
Roslin, Midlothian, EH25 9PS, UK. 
(1280)C 


Industrial. Liaison Program of the Massachusetts Institute of 
_ Technology presents a short course entitled: 


“CONTROLLED RELEASE TECHNOLOGY: 
POLYMERIC DELIVERY SYSTEMS 
FOR DRUGS, PESTICIDES, AND FOODS” 


‘Dates: June 4-7, 1984 
airman: Professor Robert Langer, MIT 
ner Speakers: Dr Frank Harris, University of Akron 
Dr Jorge Heller, SRI International 
Dr Marcus Karel, MIT 
Dr Nicholas Peppas, Purdue University 
Dr Frank Szoka, University of California 


Location: Vienna, Austria 

 § Contact: Maria Clara V. Suva Martin 

a industrial Liaison Program 

Tel: (617) 253-2691; TELEX: 921473 


-Attendence Fee: Industrial Liaison Program (ILP) Members — 
$700.00, Non ILP Members — $900.00. 


E Topics: Fundamental Principles of Controlled Drug Release; 

E Pharmaceutical Applications; Agricultural Applications: Pesticides: 

- Food Applications; Fabrication Technology of Controlled Release 

- Systems; Liposomes; Microencapsulation; Polymer Technology for 
Release Systems and Diffusion of Drugs in Polymers. 
` Abstract: 
_ ~wOntrolled release systems improve the ways in which chemical or 
ugs are administered. Normally, a chemical is administered in a 
dose only to have to repeat that dose several hours or days 
iter. This is not economical and sometimes results in damaging side- 
ffects. Thus, increasing attention has been focused on methods of 
iving drugs continuously for prolonged time periods and ina 
ontrolled fashion by incorporating the drugs within polymers. 
he program will explore recent advances in controlled release 
ec! ogy and cover polymers systems as they relate to achieving 
ppropriate design of controlled release formulations. (NW260)C 


















LOTHIAN REGIONAL COUNCIL 


Napier College 
EDINBURGH 





DEGREE OF MASTER OF SCIENCE 
IN THE 
BIOLOGY OF WATER 
MANAGEMENT (CNAA) 


A 12 months full-time course for honours graduates in 
biology; 60% of course time taught; 40% of course time - 
research. 


Applications are invited for the academic year 1984/85. 


Grants are unlikely to be available for the course and it 
will, therefore, be necessary for students to establish 
their own financial backing. 


The college fees for the course are £600. Subsistance and 
accommodation for the year will cost a student 
approximately £2,000. 


Further information and application forms may be — 
obtained from Dr. P. A. Read, Course Co-ordinator, 
Department of Biological Sciences, Napier College, 
Colinton Road, Edinburgh EH105DT. Tel No. 031-447 
7070 ext 625. (1313)C 





The Scientific Affairs Division of NATO is sponsoring an 
Advanced Study Institute on: 


CHROMOSOMAL PROTEINS AND 
GENE EXPRESSION 


to be held at Sitges, Spain from 17 to 26 September, 1984. 


The course is intended largely for post-doctoral researchers and 
advanced graduate students, but a limited number of independent 
investigators may also be admitted. Through lectures and tutorials, 
we will systematically discuss and analyze recently accumulated. 
knowledge on the roles of chromosomal proteins in gene 
expression. Topics to be covered include: nucleosome and higher 
order chromatin structures, active gene chromatin structure, 
hypersensitive sites, histones, protamines, HMG proteins, scaffold 
proteins, Z-DNA binding proteins, promoter and enhancer 
elements, in vitro and in vivo transcription, DNA methylation, and 
DNA-protein interactions. 


Lecturers: F. Azorin (Cambridge, Mass.), M. Beato (Marburg), C. 
Crane-Robinson (Portsmouth), G. Dixon (Calgary), S. Elgin (St. 
louis), G. Goodwin (London), C. Hélène {Paris}, U. Laemmli 
(Geneva), P. Puigdomènech (Barcelona), G. Reeck (Kansas), D. 


Schumperli (Zurich), J. Subirana (Barcelona), J. Thomas - : 


(Cambridge), B. Wasylyk (Strasbourg), S. Wright (London). 


Organizing committee: G. Reeck, G. Goodwin, and P. o i 


Puigdomeénech. 


Limited funds are available to subsidize some participants’ 
expenses. Applications to attend the course and for financial 
support should be sent to Dr. G. Reeck (Kansas State | 
University, Dept. of Biochemistry, Manhattan, Kansas 66506 
USA) and should include a résumé, list of publications, 
description of research interest, rationale for wanting to 
participate in the course, and statement of financial need 


E @ (including availability of other funds to support yor 
Ẹ participation). {1288 












Control of Transcription 
in Eukaryotes 

24—27 September 1984 
EMBL Heidelberg (F.R.G.) 


























H Invited speakers include: 

=M. E. Akam (Cambridge; V. G. Allfrey (New York); M. Beato 

-= (Marburg); P. Borst (Amsterdam); F. Cuzin (Nice); E. M. De Robertis 
{Basel}; A. van der Eb (Leiden); H. Eisen (Paris); D. Gallwitz (Marburg); 


=W. J. Gehring (Basel); F. G. Grosveld (London); 1. Grummt 
-(Warzburg); P. Gruss (Heidelberg); L. Hereford (Boston); A. Johnson 


< {San Francisco): C. Kédinger (Strasbourg); W. Keller (Heidelberg); U. 
Laemmli (Geneva); T. Maniatis (Cambridge, USA); K. Nasmyth 


(Cambridge); M. S. Neuberger (Cambridge); C. S. Parker (Pasadena); 
_..-M. Revel (Rehovot); R. G. Roeder (New York): W. Schaffner (Zurich); 
| WU. Schibler (Lausanne): W. T. Schrader (Houston): G. Schütz 


; (Heidelberg); A. Sentenac (Gif-sur-Yvette); P. A. Sharp (Cambridge, 


CUSA) T. Shenk (Stony Brook); K. Struhl (Boston); G. Tocchini- 
Valentini (Rome); C. Weissmann (Ziirich); N. M. Wilkie (Glasgow); K. 
SR, Yamamoto (San Francisco); M. Yaniv (Paris) 


Although the main theme of the Symposium is the control of 
“transcription in eukaryotes, some aspects of RNA processing will also 
“he discussed. 


The Symposium will be at the European Molecular Biology Laboratory, 
Heidelberg, with registration on Sunday, 23 September 1984. Plenary 
sessions will be held in the mornings and evenings of 24 — 26 
September, and the morning and afternoon of 27 September. There 
“will be poster sessions in the afternoons of 24 — 26 September 

inclusive, to allow participants to present their work. It is also intended 
-to organize informal workshops during the Symposium, the themes of 
“which, depending on the posters received, may include inducible 


Ẹ genes, cell-type specific gene expression, promoter organization and 


“the structure of active chromatin. 


-Applications for participation, including a curriculum vitae, a brief 
description of current research interests, and a 1-page (DIN A 4) 
abstract of your poster, if you wish to present one, should be sent to: 
Dr. J. Tooze, Executive Secretary, EMBO, Postfach 1022.40, D - 69 
Heidelberg, F.R.G. 


- The registration fee, which includes daily transport to the EMBL from 
Heidelberg during the Symposium, lunches, and the Symposium 


t reception is DM 180, for graduate students DM 90, and for participants 


“from industry DM 360. Participants will be accommodated in hotels in 
Heidelberg, and a small number of inexpensive rooms will be available 
inthe EMBL Guest House. The registration fee does NOT cover the cost 
= of accommodation. 


= Applications should reach Heidelberg by 1 June 1984. The facilities 
- available make it necessary to restrict the number of participants to 


EB about 220 and, therefore, the Organizing Committee may be obliged to 
-E makea selection from the applications received. Those accepted will be 
E notified by 31 July 1984 at the latest. The registration fee should NOT be 


“sent until you have been notified of your acceptance for the 
< Symposium, 


: 1 Organizing Committee: L. Philipson (EMBL Heidelberg) — Chairman, 


-E M. Birnstiel (Zürich), P. Chambon (Strasbourg), R. Cortese (EMBL 
: Heidelberg), H: Pelham (Cambridge), J. Tooze (EMBO), (W7i5)M 


19-21 OCTOBER 1984 
5th CIRD SYMPOSIUM 
-. Advances in Skin Pharmacology 
“THE ROLE OF CIRCULATING CELLS 
- IN SKIN REACTIONS” s 


Please send requests for further information or approx. 300 word ip 
bstracts for posters or communications to: CIRD, Sophia = 
spoils: F-06565 Valbonne, France (Prof. Hans Schaefer}. 
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European Socié 
international Assos 
Standardizats 


The joint ESACT/ IABS meeting on the 
PRODUCTION AND EXPLOITATION | 
OF EXISTING AND NEW 
ANIMAL CELL SUBSTRATES 


will be held on MAY 21st-25th 1984 

in GARDONE RIVIERA, Italy 

The Meeting is organized by: 
“Menarini” International Foundation, Florence, Italy 

Zooprophylactic Foundation, Brescia, Italy 

SUBJECT AREAS: Genetic Engineering or Modification of 
Animal cells, Characterization of Cell Substrates. 
Safety Aspects Relating to the Exploitation of Animal Cells, 
Oncogenes, Regulatory Proteins, Regulatory Authorities. 


Production of Antibody from Hybridomas and the Scale-Up of 
such Systems. 







Developments in Large-Scale Cell Production Equipment. 
Medium Developments for Cell and Product Generation. 


Serium-Free Media (Pains and Pleasures). 
Downstream Processing of Materials Produced from Cultured 
Animal Cells. 


New Product Areas (Lymphokines, Enzymes, Hormones). 
Organizing Secretariat: G. F. Panina c/ o FONDAZIONE 


INIZIATIVE ZOOPROFILATTICHE, Via Bianchi 1, 25125 
Brescia — Italy. (VV649)M 




























INTERNATIONAL SYMPOSIUM 
FEEDBACK AND MOTOR CONTROL 
University of Glasgow 

July 10th-12th 1984 


The symposium will bring together vertebrate and invertebrate neuro- 
biologists studying the role of proprioceptive feedback in motor control: f 
and will be followed by a symposium on the mammalian muscie spindie. 4 
Session topics: ‘gt 
* Organization of motor systems; 

Central control of sense organ excitability; 
Afferent input during normal movements; 
Stretch reflexes and their role in motor control: 
Feedback in the control of equilibrium; 
Feedback in the control of movement; 

* Feedback and motor control in man. 
Sessions are scheduled for invited papers and for contributed papers 
and posters. Closing date for entries is 9th April 1984. Further 
information is available from Dr. W. J. P. Barnes, Zoology Dept, - 
Glasgow University, Glasgow G12 800, Scotland, UK. 4 
Organised by the Scottish Electrophysioiogical Society and the Society -$ 
for Experimental Biology. (1343)M 


we 
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APPOINTMENTS WANTED 

APPOINTMENTS WANTED 

advertise your qualities and quanfi- 

cations through the most influential 

science weekly in the world at-a 

special reduced cost of 25p a wo 
(Personal Box Numbers £1). 

Advertisements must be pre-pai 

| sent to: Nature Classified 

Wid), 4 Little Essex Stréck, 

| WC2R3 SLE. 7 : 8 













BIOLOGY undergraduate (26) seeks 
vacation work preferably in ecology/ 
conservation from July onwards. 
Miss Anderson, 17E Goldsbrough 
Court, Richardson Road, Newcastle 
on Tyne. Box 1320, c/o Nature, 4 
Little Essex Street, London WC2R 
3LF. (1320)8 








LOCATION 


SCIENTIFIC 
PROGRAMME 


PROCEEDINGS 
SOCIAL EVENTS 


-ACCOMMODATION 


_ DATES TO 


© CONGRESS 
SECRETARIAT 





= Telephone: 01 937 3163 PEN 





IUPHAR 9TH INTERNATIONAL 
CONGRESS OF PHARMACOLOGY 
29 JULY - 3 AUGUST 1984 





























Barbican Centre for Arts and Conferences, City of London 


The scientific programme will extend over five days and consist of symposia, 
invited lectures, pharmacological debates, an educational meeting and free 
communications, the latter as both oral and poster sessions. The symposia - 
will consist of three simultaneous sessions morning and afternoon and each 
day there will be four invited lectures. A new feature of the international 
Conference is the pharmacological debates. In these the intention is to 
Select topics on which there are clear differences in evidence or its 
interpretation and have the issue debated between protagonists of each 
view with sufficient opportunity for the audience to participate. In the 
educational meeting it is hoped to concentrate onthe place of various forms 
of programmed learning in Pharmacology and the instrumentation available, 
Finally, there will be free communications and to the fullest extent possible 
authors will be allowed to select whether to give these as oral communications 
or as a poster. 











The Congress Proceedings are being published by Macmillan Press and 
may be ordered in advance onthe registration form or at the Congress. 


A full social programme is being arranged for delegates and accompanying 
guests. Details are given in the advance programme. 


Accommodation has been reserved at advantageous rates in a number of 
hotels in various price categories and in student halls of residence. All 
accommodation is within easy travelling distance of the Barbican Centre. 








1 May 1984 Deadline for college accommodation reservations. 
18 May 1984 Deadline for receipt of registration at the standard 
fee (£150). There is a late fee after this date of a 
further £40. 
Deadline for receipt of papers for Proceedings 





volumes. 





Advance programmes, registration forms and abstract forms can be obtained E 
from the Congress Secretariat- MES 






Congress Associates ICP 
34 Stanford Road 
London W8 5PZ 
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Only with the new LKB Horizontal! | 
Unequalled flexibility ix 


READY-TO-USE GELS FOR MAXIMUM ULTRATHIN GELS FOR MAXIMUM 
CONVENIENCE ECONOMY 

All the owner of the LKB Horizontal Anticipating the need for less expensive 
Electrophoresis System needs to cover a wide electrofocusing gels, LKB developed the new 


range of electrofocusing applications is a supply UltroMould: a simple device designed to cast 

of the popular and successful LKB Ampholine bubble-free gels as thin as 0.1mm in less than 30 
PAGplates. These allow the researcher to avoid seconds. Based on a patented sliding plate 

the time and trouble involved in casting gels in method, UltroMould is easy to use, producing 
the laboratory, while guaranteeing both high perfectly accurate and uniform gels and 


resolution and excellent reproducibility. As ensuring a high standard of reproducibility. 
many as 96 samples can be separated Adding UltroMould to the LKB Horizontal 
simultaneously on a single PAGplate, enabling Electrophoresis System means that 

users with high workloads to spend their time significantly less gel solution and smaller 
screening samples instead of casting gels. sample volumes are required, resulting in far 
Eight phenotypes of a,-antitrypsin are clearly more economical electrofocusing. 

identified using one of the convenient LKB LKB UltroMould casts bubble-free ultrathin gels 
Ampholine PAGplates ¥ in only 30 seconds, making gel casting quicker, 


easier and more certain ® 


THICK GELS FOR MAXIMUM CAPACITY 
Original electrofocusing techniques used 
thicker gels, and even today you may still wish 
to work this way in order to achieve higher 
capacity. The LKB Horizontal Electrofocusing 
System lets you easily cast and run Ampholine 
gels up to 2 mm thick, allowing much greater 
sample volumes to be analyzed successfully. The 
2mm thick gels are also ideal if you are new to 
electrofocusing and are following a procedure 

"| described in the literature. 
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This is one in a series of advertisements describing the 
unrivalled versatility of the LKB Horizontal 
Electrophoresis System. For further information about 
analytical electrofocusing, and the many other 
applications of the system, send today for our brochure. 


THE LKB SYSTEM 

Only LKB can offer the research scientist a complete, 
integrated system in which each component works with 
and complements all the others. Based on the new and 
improved Multiphor II, the system also includes a 5KV 

power supply, thermostatic circulator, laser y 
densitometer and data evaluation software. 

In addition to the instrumentation, LKB provides a 
range of 18 major kits plus a complete programme of 
high quality chemicals, supplies and accessories, 
backed by the full worldwide support of the market 
leader in electrophoresis and electrofocusing. 


LKB-—the electrophoresis experts. 





After the thick gel has been cast, the sample ts 
introduced with the help of the sample 
application foil » 








ctrophoresis System do you also get... 


analytical electrofocusin 
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AGAROSE GELS FOR MAXIMUM POROSITY 
Another of the many options available to the 
user of the LKB Horizontal Electrophoresis 
System is the application of Agarose 
electrofocusing gels. LKB su pplies extremely 
pure agaroses, carefully developed for 
electrofocusing, and the original capillary 
casting method simplifies the task of producing 
0.5mm gels on GelBond Film backing sheets. 
Agarose is non-toxic and easy to handle and the 
entire analysis procedure, incl uding casting and 
running, is very rapid. 

Separating the GelBond Film from the glass 
plate gives a 0.5 mm agarose gel, firmly attached 
to its support and ready to use > 


IMMOBILINE GELS FOR MAXIMUM 
RESOLUTION 

The unique LKB Immobiline System is 
significantly different to traditional gels in that 
its pH gradient is an integral part of the gel. The 
system is designed to allow the user to select a 
pH gradient as wide as 3.0 pH units, or as 
narrow as 0.1 pH units, anywhere in the range 
3.6 to 9.5. This tailoring of the gradient to suit 
specific applications permits extreme] y high 
resolution to be achieved with the LKB 
Horizontal Electrophoresis System. Stable and 
reproducible linear gradients having aslope as 
low as 0.01 pH units/em are possible, allowing 
you to separate proteins whose pl values differ 
by as little as 0.001 pH units, 


Comparison of traditional electrofocusing and 
LKB Immobiline System (cou rtesy of Dr A Görg 


. 


etal, Technische Unit ersität, München) > 












Ampholine pH 35-95 


Immobiline pH 5.2-5.8 
d d 





BROMMA 


Head office: 
LKB-Produkter AB, 

Box 305, S-16126 Bromma, Sweden. 
Tel. 08-98 00 40, telex 10492 
Main US sales office: 

LKB Instruments, Inc. 

9319 Gaither Road, C raithersburg, 
Maryland 20877. 

Tel. 301-963-3200. 
telex 909870 (dom.), 64634 (intern. ) 
UK sales office: 

LKB Instruments Ltd., 

232 Addington Road. S. Croydon, 
Surrey CR2 8YD. England. 

Tel. 01-657 8822. telex 264414 
Other sales offices in: 
Antwerp, Athens (for Middle East), Bangkok, 
Copenhagen, Lucerne, Moscow, Munich, 
Paris, Rome, Turku, Vienna. Zoetermeer 
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Boehringer Mannheim are extending 
their range of restriction enzymes 


and buffers 


ha Ill, Sau | (Mstll) and Stu | are 

part of the rapidly expanding 
programme of restriction enzymes 
from Boehringer Mannheim. Not 
only is our range wider than ever, 
but each new enzyme is supplied 
with a comprehensive batch- 
specific data sheet for optimal 
control of experimental conditions. 


Boehringer Mannheim’s range of 
buffers is expanding too. Each one 
undergoes the highest standard of 
purification and quality control to 
provide you with a reliable yet 
economical preparation. Tris, for 


example, is notable for its low level 


of heavy metal contamination, 
whilst Hepes is suitable as a cell 
culture buffer since it is function 
tested for cell growth. 


Boehringer Mannheim House, Beli Lane. Lewes, East Sussex BN7 1LG. 
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new book “Biochemicals for 

Molecular Biology” presents 
information on our range of 
products for the Molecular 
Biologist. We will 
send a copy to 
you on request. 
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The Boehringer Corporation (London) Ltd 


Telephone: Lewes (07916) 71611 





In microscopy, what we see is of utmost 
importance. The sharper the detail, the 
better. And our findings should not only be 
visible through the viewing eyepiece. 

We should be able to document them quickly, 
easily and accurately on photographic film. 
Olympus, a well-known name in precision 
instruments, now offers Outstanding solu- 
tions to both needs. The BH-2 System 

Mi ` cope and the PM-10AD Photo and 
Cirrermmcrographic System. A superb 
combination that features the latest optical, 
mechanical and electronic advances. And 
best answers the diverse requirements of 
microscopy and photomicrography today. 


BH-2 MICROSCOPES 
The Modern Scientists’ Choice. 
To satisfy different user applications, the 


yew BH-2 System Microscope is available 
n three different configurations. 


Viodel BHS microscope is 

eSt auited for research 
indidemanding clinical 
ipplications. It accepts a § 
vide variety of modular 
iccessories to ensure the 
lighest system perform- 
ince possible. A highly 
ophisticated model, it is 
erfect for photomicrography. 


Model BHT microscope is suitable for 
research and training purposes. Space- 
Saving and easy-to-handle, it features the 
same choice of accessories as the BHS. 


Model BHTU microscope is especially 
effective for routine laboratory applications 
where observation of numerous specimens 
is required. It assures smooth handling and 
marking of all specimens. 


LB OBJECTIVES 


Indispensable Value That Makes 
The BH-2 Top-Of-The-Line. 
Olympus is proud to offer a newly-computed 
series of LB (long barrel) objectives which 
offer increased working distance and the 
utmost in resolution, contrast. image clarity 
and flatness of field. In conjunction with the 
new 10x viewing eyepiece, these objectives 
provide a visual field of 20, the largest 
available for a conventional microscope. 








PM-10AD with BHS Microscope 


What's more, a completely new and uniqué 
illuminating system permits Köhler illumina- 
tion, even with 1x and 2x objectives. 
In addition, 1x and 2x objectives are parfoca 
with 4x and higher power objectives. 


PM-10AD = 
It Leaves Nothing To Chance. 


The beauty of the PM-10AD Photomicro- 
graphic System is that it leaves no room 

for error. A built-in microcomputer ensures 
quick, accurate and fully automated photo- 
graphic and cinematographic documentation. 
Exposure, 35mm film transport and 
compensation for reciprocity failure are 
completely automatic. A complete selection 
of film formats and other advanced features 
are provided. Thanks to the clearly readable 
LED digital display the programming and 
monitoring of various functions, e.g. time- 
lapse photography, can be performed with 
a minimum of effort and experience. 


OLYMPUS 


Match your skills with ours. 


OLYMPUS OPTICAL CO.,LTD. 

San-Ei Building, 22-2, Nishi Shinjuku 1-chome Shinjuku-ku, Tokyo, Japan 

OLYMPUS OPTICAL CO. (EUROPA) GMBH 

Postfach 104908, Wendenstrasse 14-16 2 Hamburg 1, West Germany 

OLYMPUS CORPORATION 
Lake Suci 042 


4 Nevada Drive ess, N.Y. 11 1179. USA 
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BRL’s new TdT Immunoperoxidase Assay Kit — 


sensitive detection without fluorescence. 
; 
BRL, the pioneer in TdT assay kits, now brings you the first TdT assay kit you can use in the light of 
day. This new kit, a Streptavidin-based immunological assay, gives you clearly stained positive results in 
just 3 hours. And, because the system is not based on fluorescence, all you need is a simple light 
microscope to analyze your results. The new kit makes TdT detection accessible to laboratories without 
a fluorescent microscope, while offering an alternative for those currently using immunofluorescent 
procedures. | 


i ] 
¢ High sensitivity. The BRL Immunoperoxidase Assay  * Clear visualization of cell morphology. 
is as sensitive as fluorescent assays. The use Of BRL $ ex- With the new BRL kit, the nuclei of TdT-positive cells are 
clusive Streptavidin as a bridging reagent ensures high stained brown. Subsequent counterstaining allows you to 
specificity and low background for clear, easily readable analyze cell structure — important detail that is obscured in 


slides, fluorescent-labeled cells 


* Permanent record for future analysis. e Complete, easy-to-use kit. The Immunoperox: 
Unlike fluorescent markers, the stain used in the BRL Im- dase Kit consists of a matched set of reagents, ready for use 
munoperoxidase Assay Kit does not fade over time. Slides The procedure is simple and straightforward, and a detailed 
obtained with the kit can be permanently mounted and re- protocol is included with each kit 
tained for future study. — 
Now you don’t have to be in the dark to see. BRL gives you a choice. For both the new T¢p 
Immunoperoxidase Assay Kit and the original TdT Immunofluorescent Assay Kit, look to BRL. 
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RPI For research use Only. Not for use in diagnostic pron dures 
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Bethesda Research Laboratories Bethesda Research Laboratories GmbH Bethesda Research Laboratories Bethesda Research Laboratories SA 
Life Technologies, Inc. Life Technologies, Inc. (UK) Ltd. Life Technologies, Inc. 
Gaithersburg, Maryland 20877, U.S.A. 6078 Neu Isenberg, West Germany Life Technologies, Inc. F-95220 Herblay. France 

Telex: 64210 BRL GARG UW Telex: 417699 BRLNI D Cambridge, CB4 4BE United Kingdom Telex: 695729 FBIMAGRE 

To Order: (800) 638-8992 To Order/Tech-Line: 06102-3204 Telex: 818710 BRLCAM G To Order/Tech-Line: (3) 978-8200 
Tech-Line; (800) 638-4045 To Order/Tech-Line: (0223) 415504 
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Fossil footprints discovered in Laetoli, Tanzania, 
showing two trails of adult Hipparion, with the trail of a 
juvenile (foal) crossing that of one of the adults. These 
footprints, made in soft volcanic ash 3.5 million years 
ago, are close to the tracks of a hominid (top right). See 


page 179. 
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No new ways of treating AIDS 

John Maddox 

The T-lymphocyte antigen receptor — 
elusive no more 
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System of gravitational 
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-The new edition is available 
| now. Nature's successful walichart 
has been updated to take account of 
the changes in structure and 
personnel since the previous edition - 
was published in 1981. 
„includes the ministerial and other 
| changes which followed the 1983 
British General Election and provides 
4a comprehensive survey of the 
administration of British science. 
Designed as a fold-out sheet, it can 
be carried easily to meetings or hung 
as a poster for permanent reference. 





The new walichart is 
available at £3.50 or US$7.95 
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FASEB SUMMER RESEARCH CONFERENCES FOR 1984 | 


i -The Federation of American Societies for Experimental Biology will again present a series of Summer Research Conferences. ... i 
-designed to meet the demand of experimental biologists for intimate and detailed analysis of current research in areas of intense 








“scientific interest. The conferences, held weekly at the Vermont Academy in Saxtons River, Vermont, will be limited to an atten- 














z NEURAL MECHANISMS IN CARDIOVASCULAR REGULATION (June 10-15) 
Chairman. Lawrence Schramm, Johns Hopkins University 
ae Vice-chairman: Franco Calaresu, University of Western Ontario 
T -Central Autonomic Neurotransmission. L. Swanson, }. Unnerstall, S. Amara; Pe- 
ripheral. Peptidergic Regulation of the Circulation. |. Bevan, |. Lundberg, R. 
Bevan; Autonomic Reflex Regulation of the Circulation During Exercise. 1. 
“Stone, J. Mitchell L. Rowell, |. Shepherd; Central Peptidergic & Amino Acid Trans- 
aS mission. i. Phillips, P Sawchenko,. W. Talman: Ventral Medulla & Circulatory 
» Regulation. A. Loewy, C. Polosa, R. Dampney, C. Ross; Low Pressure Barorecep- 
» tors. D. Kostreva, K, Coetz, A. Niijima; Ontogeny of Cardiovascular Regulation. 
oo: Stotkin, E. Mills, R. Gootman, M. Hofer: Autonomic Ganglia & Cardiovascular 
“Regulation. D. Kreulen, W. Weems, A. Armour; Nucleus Solitarius & Circulatory 
Regulation. M. Nathan, R. Bucholz, P Langhorst, W. Blessing. 


MICRONUTRIENTS: VITAMIN A AND RETINOIDS (june 17-22) 
oo Chaieman: Frank Chytil, Vanderbilt University 
Vice-chairman: james S. Olson, lowa State University 
Absorption, Metabolism & Storage. D. Goodman, A. McCormick, D, Ong, A. 
“Ross: Methods of Research. }. Catignani, J. Olson, |. Smith; Retinoids & the Skin. 
oo P-Blias, E. Fuchs, H. Green, C. Orfanos: Retinoids & Differentiation of Teratocar- 
“cinoma Cells. W. Anderson, M. Sherman, S. Strickland; Mechanisms of Action. 
SW. Cohn, M. Griswold, P Peterson, $. Porter. £ Chytil; Retinoids & Cancer. L. 
DeLuca, R. Moon, Y. Muto, |. Wolf; Clinical Applications. P. Elias, F Meyskens, 
L.-Orfanos, G. Peck; Mammary Carcinomas. |. Rosen, A. Lacroix; Retinoids & the 
Eye. D. Bok, C. Bridges, G. Chader, J. Saari. 


DIAGNOSIS, TOXICITY & THERAPY OF TRICHOTHECENE MYCOTOXICOSIS 
gune 24-29) 
Chairman: Robert Wannemacher, U.S. Army Medical 
Research Institute of Infectious Diseases 
Vice-chairman: Paul Newberne, Massachusetts Institute of 
ae Technology 
on Vive Toxicity, W. Buck, D. Bunner, H. Schiefer, H. Neufeld, A. Rogers, R. 
“Lorenzana: Mechanism of Action at the Cellular Level. C. McLaughlin, J. O'Brien, 
C, Lafarge-Fraysseret, |. Middlebrook, W. Thompson: Metabolism. C. Mirocha, J. 
Pace, M, Marletta, Y. Ueno, B. Wallner, 5. Swanson, w. Busby; Immuno Detection. 
E Chu, }. Hewetson, K. Hunter, L. Richer; Organ Toxicity. P. Newberne, G. Parker, 
V. Beasley, C. Hassler, W. Woods, B. Yagen, T. Cosgriff; Chemistry & Detection 
by Physical Techniques. }. Rosen, $5. Missler, B. Jarvis, B. Heitke, R. Pawlosky, R. 
Black, W. Roush; Therapy of Mycotoxicosis. A. Meister, R. Fricke, M. Bayorh, G. 
> Buchi, G. Lundren; Human Effects Associated with Mycotoxicosis. Future Re- 
search Needs of the Health Service Community. R. Wannemacher, 5. Page. D. 
Bunner, D. Talmadge, USDA. 


IMMUNOPHARMACOLOCY july 1-6} 
Chairman: Lawrence Lichtenstein, Johns Hopkins University 
Vice-chairman: Anthony Allison, Syntex Research 
Phospholipid Turnover & Cell Activation. R. Siraganian, M. Beaven, J. Mato; Bio- 
~Jogical Origins of Arachidonic Acid. T. Sullivan, P Majerus, E. Lapetina, C. Parker, 
< W, Scott; Metabolism of. Arachidonic Acid. — Cyclo-oxygenase/Lipoxygenase 
Pathways. R. Murphy, }. Oates, P. Needleman, R. Gorman, W. Lands; Drugs Af- 
ing Arachidonic Acid Release or Metabolism. j. Rokach, W. Pickett; Biologi- 


‘ffects of Lipoxygenase Products. A. Ford-Hutchinson, R. Lewis, B. Whitman, 
H, Johnson; immunoregulation by Arachidonic Acid Metabolism. E. Goetzi, M. 
“Goodman, J. Goodwin, D. Payan, P. Sirois, V. Kelley; Biological Effects of Non- 
© arachidonic Acid-derived Lipids. R. Pinckard, F. Snyder, F. Fitzpatrick, M. Halonen, 
P Henson; Oxidants in Relationship to Arachidonic Acid Metabolism. }. Hoffeld, 
RS Mason, F Kuehl, J. Humes, |. Hoffeld; Lipoproteins as Immunoregulatory 
Molecules. A. Allison, J. Harmony, C. Pierce, D. Webb, C. Pong. . 

























C SOMATIC CELL GENETICS (uly 8-13) 

ooon Chairman: Lawrence Chasin, Columbia University 

2 Vice-chairman: Thomas Caskey, Baylor College of Medicine 

‘Gene Transfer Systems. M. Botchan, T. Grodzinger, R. Mulligan, B. Wakimoto; 

‘Mutations & Recombination. L. Chasin, M. Shure, A. Smith, G. Wahl Onco- 

-geries. M. Wigler, G. Cooper, H. Land, 1. Verma; Mammalian Cell Mutants. L. 

iminovitch, M. Gottesman, L. Herzenberg, L. Thompson; Hormone Response. 

1 Coffino, G. Firestone, H. Herschman, K. Paigen; Genetics of Specialized Cells 

& Genes. M. Pearson, C. Benyajati, G. Martin, A. Skoultchi; Expression of Trans- 

ferred Genes. W. Schaffner, M, Capecchi, T. Maniatis, U. Schibier, Genes of the 
mune System. S. Weissman, M. Davis, 5. Lewis, A. Ullrich; G 

man Disease. C. Caskey, A. Beaudet, J. Prockop, R, Whit 








Benes Related to 





| dance of 150 persons and will be by invitation upon application. A conference fee of $245 per person covers one week's room, 
3 board and registration. For additional information, a complete program and application form, see the February issue of FEDERATION 
OCEEDINGS, Volume 43, Number 2, or contact Robert W. Kra 


uss, 9650 Rockville Pike, Bethesda, MD 20814 (301) 530-7093. 


RECEPTORS {july 15-20) 
Chairman: Robert Lefkowitz, Duke University Medical Center 
Vice-chairman: Henry Metzger, National: Institutes: of Health. 
Biochemical Approaches to Studying Membrane Proteins in Integrated Systems. 


HL Metzger, E. Racker, E. Elson, H. McConnell: Receptors & Adenylate Cyclase 


System. M, Caron, R. Lefkowitz, M. Smigel; Receptors & Gene Expression. B. 
CYMalley, G. Greene, C. Bardin; Receptor Dynamics. D. Lane, W. Schneider, W. 
Greene, R. Klausner; Receptors & lon Channels, D. Triggle R. Stroud, W. Catterall: 
Growth Factor Receptors. M. Czech, M. Billereal, M. Hayman; Receptors of the 
Immune System. R. Schwartz, M. Davis, E. Reinherz, W. Paul: insulin Receptors. 
C. Kahn, S Jacobs, M. Fehlmann, $. Taylor; Overview Lecture. 1. Pastan, 


CALCIUM AND CELL FUNCTION Guly 22-July 27) 

Chairman: Claude Klee, National Institutes of Health 

Vice-chairman: Thomas Vanaman, University of Kentucky 
Structure/Function of Calcium Binding Proteins. R. Williams, B. Levine; Three... 
Dimensional Structures of Calcium Receptor Proteins. K. Moffat; Calcium bo 
questration & Extrusion Systems. t. Carafoli, K. Philipson, D. McLennan; Cal- 
cium Channels. H. Reuter; Calcium Dependent Regulation of Cytoskeleton & 
Cell Motility. A. Means, S. Kakuchi; Calcium Dependent Protein Kinases & Phos- 
phatases. P Cohen; Role of Calcium in Excitable Tissues. P Greengard, M, 
Niremberg: Summary Lectures. C. Tanford. 






DEVELOPMENT AND SENESCENCE OF THE IMMUNE SYSTEM 

uly 29-August 3) 

Chairman: Marc Weksler, Cornell University Medical College 

vice-chairman, Gregory Siskind, Cornell University Medical College 
Molecular Genetics of Lymphocyte Development. M. Weigert, L. Hood; Devel- 
opment of B Lymphocytes — in Vivo. M. Cooper, N. LeDovarin, O. Witte, F Ault; 
~ in Vitro. W. Paul, R. Lynch, E. Vitetta; Senescence of Humoral immunity. N. 
Klinman. E. Goid!, G. Doria; Development of T Lymphocytes In Vivo. O. Stut- 
man, M. Bevan; Development of T Lymphocyte Receptor. H. Kunkel, S. Schloss- 
man: Senescence of Cellular Immunity. R. Walford, R. Miller, W. Weigle; Devel- 
opment of Macrophages. E. Unanue, H. Grey, J. Chiller: Impaired Development 
of the Immune System. T. Waldmann. F. Rosen, R. Schwartz. 


LYMPHOCYTE AND ANTIBODY NETWORKS: IMPACT OF INFECTIOUS 
AGENTS (August 5-10) 
Chairman: Charles Janeway, Yale University Medical School 
Vice-chairman; Leonard Chess, Columbia University $ 

la Antigens & Antigen Presentation. O. Murphy, R. Schwartz; Major Murine 

Models of Lymphocyte Abnormalities nu/nu, Xid, Anti-u, Germ Free, lpr/ipr & 

SCID. H. Wortis, F. Steinberg; Altered APC & Macrophage Function in Infection, 





eee: 


. Leprosy, Listeria, Pneumocystis, TB & Hodgkin's Disease. E. Unanue, B, Bloom: 
B Cells: Normal & Abnormal Activation, Growth, Antigen Presentation & ig 


Genes. F. Melchers; Helper T Cells, Helper Cell Clones, T Cell Receptors, la & 
Ig Recognition. C. Janeway, E. Reinherz: Bacteria & the Immune Response. D. 
Briles, R, Schwartz: Regulatory T Cells: Suppressor T Cells, Contrasuppressor T 
Cells, Level H Suppression, Suppressor Factors, AMLR induced Regulation &B 
Cell Paralysis. L. Chess, M. Greene; Viruses & the Immune Response; AIDS, . 
HTLV, MYMi, Activation of Autoantibody Production by Viruses & EBV. R. Gallo, — 
M. Oldstone; Parasitic infections & the Immune Response: Schistosomiasis, — 
Leishmania, Malaria. D. Sacks, D. Colley. . 


~ NEURONAL CELL CULTURES (August 12-17) 


Chairman: Phillip Nelson, National Institutes of Health 
Vice-chairman; Darwin Berg. University of California 
Growth Cones & Cell Interactions. K. Pfenninger, G. Edelman; Molecular Genet 
ics. W. Hahn, |. Sutcliffe, |. Merlie Factors-A. H. Thoenen, P. Patterson, %. Varon 
Factors-B. D. Brenneman, W. Matthews, Synapse Formation — Receptors. j. 
Sanes, |. McMahan; Synapse Formation — Transmitters. £. Furshpan, T. Jessel: .- 
ton Channels. J. Talvenheimo, R. Aldrich: Electrical Activity — Circuit Behavior. 
L Cohen, G. Gross, A. Grinvald; Cell Separation — Cell Markers. M. Raff, D. 
Trissler. 
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The 1000 delegates to Biotech ‘83 were proof posi- 
tive that the business of biotechnology is booming. 


There is tremendous enthusiasm and need to know. 


Biotech '84 Europe builds on that success to pre- 
sent a totally fresh forum. The solid information you 
want and need to know will be presented by key 
figures in the fast-growing fields of biotechnology 
and their commercial applications. 


Topics featured strongly in the programme include 
Novel Tools and Technologies such as dbo 
modelling using computer graphics an 
mutagenesis, new approaches in Healthcare and 
Diagnostics, Agricultural Biotechnology and the 
vital, but frequently neglected intricacies of Regula- 
tions and Finance. 


The informal programme includes a Government- 
hosted reception at the Banuomg House in 
Whitehall, visits to the concurrent Biotech '84 
exhibition and, naturally the opportunity to pron 
news from colleagues from every corner O the 
biotechnology world. 
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- itis, both the administration and the Republican Senate would 
seem to have little choice. 
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Chernenko, Hart < 


The first primaries in the US election campaign could yet help unlock the log-jam on arms contiol 
President Reagan now has an incentive to move quickly for an agreement with the Soviet Union.. 


WHAT possible connection can there be between what happened 
last week in Moscow and New Hampshire, the New England state 
‘which has so far outwitted rivals seeking to steal the distinction of 
being the first to hold primary election in presidential election 
year in the United States? In Moscow, Mr Konstantin Chernenko, 
the new Soviet leader, responded to President Reagan’s earlier 
signals that an East-West accommodation would be welcome with 
a list of steps that might be taken on arms control. In New 
Hampshire, registered Democrats in what is traditionally and by 
temperament a Republican state surprised the pollsters (and 
perhaps even themselves) by voting for Senator Gary Hart as the 
A Democratic Party’s candidate for the presidential election in 
“November. Their decision was echoed at the weekend by the 
Democrats of Maine. And the consequence of that, by a simple 
piece of political arithmetic, is that President Reagan will now 
have to respond positively to what Mr Chernenko had to say. 
The calculation is straightforward. When, a month ago, Mr 
Reagan declared himself a candidate for a second term as 
president of the United States, his chief rival seemed to be Mr 
Walter Mondale, President Jimmy Carter’s vice-president. Given 
the electoral advantages of an incumbent president, Mr Mondale 
must then have seemed a comfortable opponent. Hart’s wins in 
New Hampshire and in Maine will have undermined that sense of 
security, if only by reminding the President and his advisers that 
in the coming election, as when President Carter was elected in 
1976, the voters of the United States may decline to follow the 
agenda their party leaders have written for them. Whether or not 
Hart’s campaign prospers, the choice of the Democratic 
candidate will now be postponed, perhaps until the convention 
planned at San Francisco in July, while the competition between 
~@iart and Mondale, each of whom is committed to some version of 




























































‘Se treeze on nuclear weapons, will increase the importance of arms 

control as an election issue. So, since there will not be much time 
between July and November and because Mr Chernenko is 
unlikely to want to help Mr Reagan to be re-elected, the 
administration in Washington has every reason to move quickly 
towards an accommodation. 


Test ban 
What can it do? The simplest but also the best immediate course is 
to take up Mr Chernenko’s proposal that the threshold test-ban 
treaty, signed in 1974, should promptly be ratified. The treaty 
requires that the signatories should not test nuclear weapons 
yielding more than 150 kilotons of TNT equivalent and also 
provides that, once the treaty has been ratified, each side will have 
to give the other details of its testing sites and their seismic 
Mharacteristics and information about weapons tests carried out 
‘and that there should be at least two calibrating underground 
explosions at each testing site. Such data would help enormously 
to avoid uncertainties about remote verification of the kind that _ 
only a few weeks ago provoked the US Administration into 
accusations that the Soviet Union has been cheating. Indeed, the- 
benefits of ratification are so obvious and immediate that it is} 
hard to understand why the administration has not long since $ 
jumped upon them. Now, with the electoral wind blowing the we 








-Ratifying this single treaty will not. however: ken ke ena 


- needs. 


Mr Hari’< early cneoreccacatthannalleta Arriva tha lasevn Rans 


wolves from President Reagan’s door nor seem to Mr Chernenko — : 
to be an adequate response to what he had to say last week. _ 
Ratifying the treaty, signed bilaterally in 1976, on the conduct of 
peaceful nuclear explosions would similarly fall short of what is - 
required, especially now that even Soviet interest in this clumsy __ 
technique for making holes in the ground has diminished, but the _ 
agreement that on-site inspection should be allowed under the _ 
terms of the treaty should nevertheless be a useful precedent for 
the future. But as things have turned out, in New Hampshire and 
in Maine, what the President needs is an agreement that willseem 


. to US electors to be a much more substantial constraint on the 


development of nuclear weapons. oa 
There are only two fields in which there has been anything like 
enough preparation for an agreement to be within reach — the 
comprehensive test-ban agreement (within an ace of signature in. 
1980) and some extension of the Salt II agreement on strategic — 
arms based on the past two years of negotiations at Geneva; now 
in suspended animation. The second is the better bet, fora 
comprehensive test-ban would require that the British - a 
Government should be involved (probably no great difficulty) os 
and would in present circumstances be incomplete without the 
adherence of France and China (quite a different matter). Soothe 
US Administration has no choice but to put aside the scepticism 
of arms control agreements that has informed the past three years, ee 
to put forward the draft of a treaty on the reduction of strategic 
arms, to plead for a resumption of the Geneva talks (in April?) ae 
and to hope for an agreement before November. ERE 
If the administration feels coerced by events it should take 
comfort in the knowledge that some such step will in any case be: 
needed by this time next year if the next review conference of the 
Non-Proliferation Treaty, duein August, is not to be yet another 
shouting match with the non-nuclear powers. Five years ago, the. 
non-nuclear signatories of that treaty leftthenuclear powersinno © 
doubt that more substantial progress was required of them. On 
the present showing, they have nothing to report except that they: 
have failed to agree on what should be done. Unless something 
can be said just over a year from now, the treaty may fall apart. eee 
The administration’s underlying difficulty, chiefly of its own c 
making, is however more serious. The best part of four years in 
office seems to have persuaded the Reagan Administration of two 
awkward doctrines — that bilateral agreements with the Soviet _ 
Union on arms control are politically undesirable, militarily E 
dangerous and probably unattainable on equitable terms, butthat 
public support for the strategic doctrines by means of which the 
deployment of nuclear weapons has been legitimized has now 
melted away. This, it now emerges, is why the administration is 
pinning so much of its hopes on star wars, the ambition to make 
defences against hostile missiles so reliable that neither diplomatic = 
agreements nor the deployment of strategic nuclear weapons = 
would be necessary. The obvious snag is that the feasibility of star a 
wars defences could not possibly be demonstrated for at leasta > 
decade, and is unlikely even then to satisfy legitimate military Bee 
Meanwhile, the United States, its allies and their © 
opponents will somehow have to look to their security, of which 
rT fap control has become an indispensable component. President 
gan should have understood this from the beginning o: 
E 1 of office, and. ‘may yet regret that he has had to 













oe ere | OPINION 


Engineering innovation 
-Improved engineering education is the key to the 


new industrial revolution. 

_ OPTIMISM, a rare commodity during the long recession of the past 
_ ten years, seems to be taking hold again among the governments 
of the industrialized world, and in a way that promises that the 
economic doldrums may in due course end for good. For after 
decades of lip-service to the belief that science and technology are 
necessary (but not sufficient) conditions for prosperity, govern- 
ments seem now to be behaving as if the truth were self-evident. 
What else can explain the unexpected decision last week of the ten 
members of the European Community that funds would be found 
to launch the Esprit programme of collaborative research in infor- 
mation technology? Or the renewed commitment of the United 
States Government to federal support for basic research, reaf- 
firmed by the 14 per cent increase asked for in the budget for the 
coming financial year, beginning on 1 October? In these cheerful 
circumstances, the outstanding problem is how to translate good 
intentions into practice. 

Two problems stand out, how to spend public money on the 
support of industrial innovation and how to find people who will 
use it imaginatively but wisely. It is important that governments 
now setting out to bring about another industrial revolution 
should first learn what can be learned from the often depressing 
experience of recent years of which there is, unfortunately, a 
surfeit. 

Pride of place should go to education and to engineering educa- 
tion. Circumstances are much changed since the heyday of the 
nineteenth century’s industrial revolution. The engineers on 
whom the burden of that upheaval fell, people like Watt (a few 
decades earlier) and the Stephensons in Britain and Edison in the 
United States, were in no sense academic but, rather, practical 
men whose ingenuity centred on the intuitive development of new 
machines. Tempting though it may now be to hope that people 
(women as well as men) of the same temperament might conjure 
endless prosperity from technical innovation, that is no longer 
possible. Wider access to higher education in most industrialized 
societies has ensured that all but a tiny fraction of creative 
engineers are launched on their careers from academic institu- 
tions. There is, however, good reason to suppose that the old 
hankering after empirical ways persists among academic 
engineers. Research in the standard academic pattern is less com- 
mon and less successful than in basic science, but academic 
engineers (faculty members and students alike) have traditionally 
made important contributions to the solution of practical in- 
dustrial problems. 

This is one reason why, in the United States, the National 
Science Foundation deserves applause and support for its plan to 
create industrial centres in conjunction with university engineer- 
ing departments, looking to industry not merely for equipment 
normally beyond the reach of academic institutions but for prac- 
tical problems to solve. For what it is worth, institutions of this 


* kind are not new; in Britain in the past fifteen years, a private 


foundation (the Wolfson Foundation) has made grants to sup- 
port more than a hundred academically based but industrially 
oriented centres of this kind, many of which have been 
remarkably successful. The National Science Foundation seems 
to be planning to build industrially oriented centres that will be in- 
dividually larger, and whose role in the education of engineering 
students will be more deliberate. This could yet be the best way of 
meeting the crying need that engineering graduates should acquire 
further skills before going out into the cruel world — and perhaps 
even of tempting their teachers to stay longer in an academic set- 
ting. Certainly the experiment, to be mounted later this year, 


© deserves a fair wind. 


Elsewhere, as in Britain, there are more serious problems to 
~ tackle. The Engineering Council (see p. 103) seems to share with 
— omhers, who. have taken a view of RE Fauranon the view 

tł stsities have failed the i 
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has been that of the industrial companies which consistently 
undervalued the engineers whom they have employed. Even if the 
Engineering Council now has grounds for thinking that attitudes 
have changed, no useful purpose would be served by having the’ 
University Grants Committee prescribe the proportions o 
university budgets to be spent on engineering education. Amore _ 
legitimate demand would be that universities should so organize 
their affairs, in the years ahead, that they can respond flexibly if, 
as seems likely, the demand for engineering education should in- 
crease; as things are, too many British universities have responded 
to the troubles of the past few years by making over-rigid ar- 
rangements to preserve the present balance of student numbers in 
different fields. And the Engineering Council should not forget 
that, in present circumstances, engineering education is not the 
only fruitful source of industrial innovators. 

The question of how to spend money on innovation, not in- 
novators, is more difficult. Unhappy experience suggests only one 
firm rule — that neither politicians nor their civil servants can be 
trusted with decisions of this kind, for they are prone to use public 
funds for the rescue of dying industries, not for the creation of the 
new. Similarly, but less certainly, there are dangers in the attrac- 
tive device of collaborative research designed to provide a com- 
mon basis of knowledge and skill on which commercial com- 
panies can then build new machines. The popular legend that 
much of the Japanese success in recent years stems from such pro- 
grammes is overstated, and takes too little account of the meagre 
financial contribution of the central government. Elsewhere, the 
most common difficulty is that of devising a programme of col- 
laborative research that is neither so exclusively concerned with 
general principles as to seem academic nor so pointed that it 
benefits chiefly those who happen to carry to work. Could this be 
part of the reason why Admiral Bobby Inman’s collaborative ven- 
ture on behalf of the United States computer industry is so slow 
off the ground (see p.99)? It will be interesting to see whether the 
managers of the Esprit programme launched last week in Brussels 
are more successful. : 


Space station trouble 
NASA in the United States has only itself to blame 


that its plan to build a space station is in trouble. 
REPORTS that the United States is about to build a space station 
are, so to speak, exaggerated. That seems to be the burden of the 
intelligent criticism by the congressional Office of Technolog 
Assessment of the plan being canvassed by NASA on behalf of i ™ 
US administration to design a habitable platform somewhere in 
orbit about the Earth (page 101). 

The issue is quite simple. NASA considers that there should be 
a space station, but is for the time being unable to say exactly (or 
even roughly) what it would be for, except perhaps as a kind of 
talisman. The hope that two years of further work will clarify the 
issue is almost certain to be disappointed, for what will by then 
have emerged is that there are several possible uses for a space sta- 
tion, each of which would predicate a different kind of platform 
in a different kind of orbit. 

As things are, however, some proven needs stand out. One is 
that there should be means of recovering satellites from geosyn- 
chronous orbits about the Earth. Such satellites may each cost 
several hundreds of millions of dollars and their lifetimes could 
with great economic advantage be extended by the replacement of? 
relatively minor components. Another is a durable space plat- 
form which would be a splendid base from which to mount scien- 
tific observations. For the time being, there is no economic use for 
in orbit materials processing. 

Putting a space station in a geosynchronous orbit would 
however be exceedingly expensive, and would not even be the 
most economic way of recovering satellites in the same orbit. It 
follows that the practical obstacle to efficient use for a space sta- 
tion is uncertainty about the kind of vehicle that would make the — 
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Washington a 
FUSION researchers in the United States are 
making a strong pitch for a new tokamak 
machine that will reach plasma ignition — 


the point at which fusion becomes self- | — 


sustaining without additional external 
heating. To maintain the ‘‘three-year lead” 
gained by the start-up of the Tokamak 
Fusion Test Reactor (TFTR) at Princeton, 
Dr Harold Furth, director of the Plasma 
Fusion Laboratory there, told a congres- 
sional committee last week that the United 
States should start serious planning now 
for the new machine so that construction 
could begin in 1987. Furth said that the new 
machine, dubbed the Tokamak Fusion 
Core Experiment (FTCX), could be oper- 
“}pational by 1992. 
-The existing TFTR is expected to reach 
scientific break-even, the point where the 
fusion reaction is generating as much 
power as is being applied to heat and 
confine the plasma. The new TFCX would 
boost confinement (the product of density 
and confinement time) by roughly an order 
of magnitude over that which TFTR. will 
achieve pushing the plasma to ignition with 
confinement times of as long as 5 minutes. 
The cost of TFCX, for which no detailed 
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| the results of various machines reaching the| 
ignition conditions independently (although 
‘not all at the same time). 


design has yet been produced, is estimated 
at less than $1,000 million. 

Furth said that recent results have given 
he fusion research community new 
‘confidence that ignition can be achieved. 
separate experiments around the country 
have independently demonstrated the 
conditions necessary for ignition; ion 
temperatures of the order of 100 million 
_ degrees, confinement times of the order of 
- asecond, and density-confinement — time 

factors of 10'4cm=} sec. 
_ The Department of Engery’s magnetic 
- fusion budget has suffered from fairly tight 






-constraints i in recent vears. srowine atno 

























companies. 
| done have still not been worked out and the 


“AACA ra 


NEWS 


i nity asks for 


| more than the inflation rate, and there 
_ seems little likelihood of much change. The | 
budget is now $471 million; $483 million | 


has been requested for fiscal year 1985. 

Although TFCX has received broad 
support from the fusion research 
community — both the Engergy Research 
Advisory Board and the Magnetic Fusion 
Advisory Committee (MFAC) have called 
it the number one priority in fusion 
research — a go-ahead for the project may 
cause some strains. Several witnesses at last 
week’s hearing expressed concern about 
what would happen to the base of fusion 
research at the universities if TFCX were to 
be built within the present budget. Ronald 
Davidson, director of the Massachusetts 
Institute of Technology's Plasma Fusion 
Center and chairman of MFAC, asked for 
a gradual ‘“‘ramp-up’’ by 20-40 per cent to 


US electronics — 





| contains no specific request forthe 
| The first indication of how the 
_ research budget will be treated ii 
_ of TFCX will come next year, whe 














allow TFCX to begin without harming i 
existing programme. The Departmen 
Energy is expected to allocate $1 
million in fiscal year 1985 for concep 
design studies, although the b 








for actual design work may be reque: 

Congress is seen as generally : suppor 
of the fusion effort — particularly beca 
of the threat of foreign competition. ; 
Allan Mense of McDonald Dougias 
Company, representing the Institute of 
Electrical and Electronics Engineers, 
ritually invoked the Japanese and Soviet 
menaces at last week’s hearings, noting 
that while the US fusion budget has grown 
by less than 5 per cent per annum since 
1977, Japan’s programme has been : 
growing at 30 per cent per annum. The __ 
closest competitors to TFTR are the Joint 
European Torus in the United Kingdom —— 
and two machines expected to begin = 
operating in late 1985 or early 1986, 
Japan’s JT-60 and the Soviet Union's __ 
T-15. Stephen Budiansky | 


Fifth generation stillborn? 


Los Angeles 


A CONSORTIUM -of US electronics 
companies created to build the ‘‘next 
generation’ of computers before the 
Japanese is having difficulty attracting 
first-rate scientists to join the effort. 

“Assembling the talent and getting the 
research under way has not been going as 
fast as I would like” says Bobby Inman, 
president of the Micro-electronics and 
Computer Technology. Corporation 
(MCC), now setting up shop in Austin, 
Texas. 

Mr Inman, former US Navy admiral, 
director of the National Security Agency 
and deputy director of: the Central 
Intelligence Agency, said he recently 
offered key managerial jobs to four people 
who turned him down. 

‘A quarter of the electrical engineering 


| and computer science faculty at the Uni- 
versity of California at Berkeley has been | 
approached by MCC and none has shown | 
interest. Leading scientists at the Massa- | 


chusetts Institute of Technology and 


Carnegie Mellon University, who attract 


talented subordinates, have also refused 
offers. 
MCC was created last year to pool the 


resources of 14 high-technology companies 


for a crash programme to develop 
advanced ‘‘fifth generation” computers 
using so-called expert systems and artificial 


intelligence programs. Copying a similar 
Japanese effort, N ill share scientific 
breakthroughs, if any, with its member 
Details of how that is to be 
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established on their turf, expecting to 
accrue prestige and scientific talent: But 


| he bungled efforts to land MCC, the 
| governor of California this year substan- 


_ depleted by falling oil revenues. 


early for a report card’’, he says. “Pm a 
_ good five months ahead of my worst case : 


. track.” Of an expected 300 employees, 





cast of characters continues to surg 


MCC is an unproven enterprise, oe 
according to scientists who have refused Ae 
Mr Inman’s offers. There is a shortage of 


people able to design and program __ 


advanced computers and the best of them 
are content with their present jobs. MCCis 
trying to establish a ‘quality. research 
team” in a hurry but, the scientists a o 
such a thing cannot be rushed, EREE 

Some academics said they do not fel o 
an ex-military officer can create the __ 

“optimum environment for research’,  _ 
although Mr Inman’s Washington 
connections are invaluable forMCC, a 

Several states sought to have MCC. ee 


states that lost seem to be faring better than _ 
Texas, which won. Stung by criticism that- 


tially raised faculty salaries. Georgia, 
MCC’s second choice, used publicity 
gained from the competition to lure new 
high-technology companies to Atlanta. 
North Carolina did likewise. The governor 
of Texas, meanwhile, is saddled with a pro- 
mise to bring MCC $23.5 million in private = 
donations. This is on top of $40 million — 

from state coffers, which have been- 













Mr Inman is not perturbed. ‘‘It’s awfully : 


and about four months behind my fastest 


“We have 64 people here as of today: The:- 


100 





European research 


NEWS- 


Community agrees on Esprit 


Brussels 
CouLp research bring Europe together 
again? It almost seemed so in Brussels last 
week, where an extraordinary meeting of 
research ministers saw Britain not only 
giving the go-ahead for the Esprit pro- 
gramme for research in information tech- 
nology but actually suggesting an increase 
in its budget. 

At the Athens summit last December, 
which ended in chaos, Britain and West 
Germany had blocked the start-up of 
Esprit pending agreement on much wider 
financial issues — including Britain’s 
‘subscription’ to the Community and the 
matter of vast agricultural surpluses. Since 
December, West Germany has indicated 
that it would lift its objections to the pro- 
gramme but the British position showed no 
signs of moving. 

That was changed last week by the 
British information technology minister, 
Mr Kenneth Baker, who agreed that Esprit 
should go ahead with a Commission 
commitment of 750 accounting units (AU) 
over five years (approximately 1 AU = 
US$1), 50 million more than had been 
asked for by the Commission, much to its 
officials’ surprise. The Commission's con 









Commissioner Etienne Davignon 
tribution is to be backed unit for unit by 
European industry — making a total 
budget of 1,500 million AU (£868 million). 
Baker enthused about ‘‘an important 
day for Europe, an important day for col- 
laboration’’. This was ‘‘the best day for 
~ European research for a long time”? , said 
-French research minister and council 
| president Laurent Fabius. 
So why did Britain hesitate at Athens? 
According to Conservative Member of 
the European Parliament, Mr Robert 
. Moreland, the Conservatives {who form 
‘the British Government) had always been 
firmly behind Esprit, and the programme 
had been temporarily blocked only as a 
protest at the failure of Athens. 
According to M. Fabius, the European 


Community has lost two million jobs | 


because it has fallen behind the United 
States and Japan. Esprit is part of the plan 
to get these jobs back. Mr Baker is 

“absolutely sabre that the inform- 





ili be the n main motive | uea ne 





force for the economy in the next 20 years 
and pointed to the investment of £1,500 
million in related British industries in the 
past four years. 

Even so, total spending on Esprit is 
dwarfed by that of at least two US com- 
panies. Officials here see Esprit more as a 
psychological aid to Europe’s pre-competi- 


tive research. The programme will concen- 


trate on getting the best responses to calls to 
tender for projects in just five key sectors 
(see below) but there will also be discretion- 
ary funds for high-risk innovative work in 
fields such as artificial intelligence. 

Restoring European confidence is the 
objective of another project suggested 
by Vicomte Etienne Davignon, the 
Commissioner for science and research, 
over the ministers’ lunch — a European 
video-communications network to link the 
ten member governments with Community 
institutions. It will be, according to M. 
Fabius, ‘a world first, symbolic of Euro- 
pean attainments” 

Esprit itself has sprung in just over three 
years from an idea tossed around by a few 
European civil servants to round table dis- 
cussions to define industrial needs in 
October 1981, last year’s £7 million pilot 
projects and, now, a fully-fledged pro- 
gramme spanning the decade to 1994. 

The programme is thus one of what M. 
Fabius called the three pillars of European 
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research. The others are the so-called 
stimulation programme aimed at creating 
greater mobility and multidisciplinary 
collaboration and the biotechnology pro- 
gramme. After an experimental phase’ 
which got under way last June, the council — 
is now looking for more scientific 
exchanges through laboratory twinning 
and by means of multinational centres of 
excellence, while biotechnology is regarded 
as an important engine of European 
economies in twenty years’ time — as well 
as a way of turning agricultural surpluses 
into industrial raw materials. Further 
decisions on both these programmes are 
expected later this year, perhaps before the 
French presidency runs out at the end of 
June. 

Last week’s council made little progress 
on other programmes on its agenda such as 
basic technological research, radiation 
protection and non-nuclear energy. But 
some £4 million extra was found for work 
on acid rain and toxic substances. 


Further ahead, there is likely to be a 


debate about priorities for European 
research. The Commission has committed 
itself to “budgetary stringency’’ on Esprit, 
implying that no extra research money will 
be called for, so that other research pro- 
grammes will come under closer scrutiny. 
The European Commission says that there 
is no question of making economies else- 
where, but member states will be anxious to 
settle priorities for Community research so 
as to settle the research budget between 
now and 1988. David J. Price 





What will Esprit achieve? 


Esprit is a radical step for the European 
Community. The only other on a 
comparable scale is the nuclear fusion 
programme, but that does not promise 
quick returns. 

The details of the five-year programme 
will be redefined each year. So each year 
there could be surprises. One already in the 
1984 programme just defined is the 
inclusion of an effort in optoelectronics, 
until recently considered far-fetched. 

The principal objectives of the 1984 
rolling programme, which demands inter- 
national cooperation on projects and 
divides research for management purposes 
into microelectronics, software, advanced 
information processing, office systems and 
computer integrated manufacture, are: 

@ To give Europe a substantial place in the 
microchip market, by producing (by 1988) 
“a soundly-based industrial 1 micron 


capability in a number of sites” with sub- | 


stantial progress towards sub-micron 
capability (that is, very high density chips) 
by that date. 

© Optoelectronics, aiming at an ‘‘optical 
system on a chip” within 5 years. 

© To integrate natural language interfaces 
with expert systems within four to seven 
years. Dialogue with such systems should 
be able to offer 





-and running by this summer. 
‘cooperation 


and understanding of personal 
behaviour. . .’’. 

è The production by year five or six of 
“full-scale commercially valuable’’ 
software that is able to “learn” from} 
experience. a 
© In the study of interfaces, to be in a 
position by year five to start design of a 
system to recognize handwriting; and the 
modelling of human aural and visual 
perception. 

@ The development of an operational 
“advanced workstation’’, including voice 
recognition and speech synthesis, for the 
office within five years. 

© The development of wideband optical 






local area networks. 


@ The development of flexible machining 
systems and robotics, including a gener- 
alized robot language. 
© The establishment of centres of 
expertise, continuing education and 
research in computer-integrated manu- 
facture. 

Eager Commission officials had already 
issued informal requests for tenders for the 
Esprit projects before the favourable 
research council decision on Esprit (see 
above), so the programme should be up 


Robert Walgate ee 
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US space station 


i 


Alternativ 





he Washington 


THE US National Aeronautics and Space 
Administration (NASA) has not yet won its 
long-running campaign to be allowed to 
build a space station, Although President 
Reagan gave the project his approval in 


Congress to vote money for it. And in 
recent hearings on Capitol Hill, Congress’s 
Office of Technology Assessment (OTA) 
has emerged as a strong critic of NASA’s 
approach. 

Officially, OTA declines to say whether 
it supports-a space station or not, but its 
director, Dr John Gibbons, reminded the 
Senate Budget Committee last week that 
the President had approved plans for “a” 
space station, not ‘‘the’’ space station. 
While NASA wants to build a major 
facility costing $8,000 million, a forth- 
coming OTA study is expected to argue 
_ that many of the same objectives could be 





@ achieved for a fraction of the cost by’ 


- adopting a slightly more modest design. 
Urging Congress to consider the detailed 
requirements for a space station before 
approving NASA’s plans, Gibbons 
sketched out three other possibilities. 
@ A low cost option could comprise an 
orbiter capable of supporting up to six 
people for three weeks. It would be paired 
with two modestly-powered unmanned 
free-flying platforms, one in polar orbit 
and the other in low-inclination orbit. Both 
could be leased from the private sector and 
tended periodically by orbiter crews. There 
would also be a new orbital manoeuvring 
vehicle that could move between the orbiter 
and free flyers at other altitudes. 
@ A “relatively modest” option would be 
į similar in most ways but the lifetime of the 


f orbiter would be supplemented by a 


permanent orbiting facility with wide-band 
communications and up to 15 kilowatts of 
power. Unlike the low-cost option, this 
would allow long-term experiments using 
human beings as subjects’ or requiring 
human attendance — the kind of 
experiments of particular interest to the life 


_ and. materials sciences. Although much | 


cheaper than the more elaborate designs 
Suggested by NASA, this option would give 
the United States ‘‘substantially greater” 
opportunities than those provided by the 
Soviet Union’s Salyut programme, 

@ A higher cost option would add a 
eusable orbital transfer vehicle designed 
o move back and forth between its service 
module in low Earth orbit and geo- 
stationary orbit. That would enable it to 


service and modify spacecraft in geo- 


stationary orbit and could lay the basis for 
more efficient travel between the Earth, the 
Moon and the planets. 

Gibbons stressed that OTA was not 
recommending any of these options, but 


; had developed them to make the point that - i 
_ there is a wide range of possible space | 








yes to space agency plan 


station designs and that US space capa- 
bilities could be usefully enhanced by 
spending much less than the $8,000 million 
envisaged by NASA. OTA has developed a 


more extensive list of options and their 
| associated costs (see table). > 3 
January, NASA must still persuade. 


OTA’s criticism of NASA’s approach is 
based on a long-standing belief that US. 


OTA’s comparative space station designs 
SORE RST ee cn 


_ NASA’s plans, Gibbons told. 







civilian space policy has lost it: 
direction and that a sensible decision 
whether to build the kind of spa 
NASA wants cannot be taken unti 
space goals have been settled — pr 
by a national commission. In the 


OTA has come to direct opp 









committee that neither NAS 
government as a whole had trie 
a national space agenda that could j 
the new project. Peter Dav 










Comments 


Date Cost Power  Pressur- Crew Time 
available {$1,000 (kW) izedvolume size in orbit 
million) {cubic feet) 
Shuttle . Now None 7 2,000 6 10 days Can accept. 
orbiter Spacelab 
Extended 1990 0.4 20 5,000 5 50 days Limited: ` 
duration laboratory 
orbiter space 
Spacelab as 1990 2 6 3,000 3 Unlimited Limited: 
permanent crew 
structure S 
NASA 1992 8 90 6,000 8 Unlimited Orbital manoeuvring —__ 
plans vehicle plus two. free 
initial flying platforms R 
NASA 1996-2000 20 200 10,000 20 Unlimited Reusable orbital 
plans transfer vehicle plus = = 
mature 





Polish environment 








several platforms. i; : 





Immediate action imperative 


POLAND is facing a possible ecological 
catastrophe, according to Dr Antoni 
Kuklinski, head of the Committee of 
Spatial Development. of the Polish 
Academy of Sciences. In the government 
newspaper Rzeczpospolita, he identified 
three especially “weak links” which had 
reached ‘‘breaking point’? — the natural 
environment, the technical infrastructure 
(transport, power supplies and water 
management) and the poor conditions in 
large urban areas. : 

The situation could be improved, he 
said, only if industrial investment were cut 
to 30 per cent of the national total. At the 
same time, the housing sector must learn to 
make better use of the available means. The 
whole structure of investment must be 


changed, with greater powers given to local | 
“self-government”? bodies. Poland, he 
said, must invest in its environment lest the 


shortage of fresh air become worse than the 
shortage of shoes (a notorious problem). 
Dr Kuklinski’s warning is not the first to 
emerge recently in the Polish media. Last 
August, Warsaw Radio noted that in the 








- 1982 ‘*Theses’’ for the reform of the ecor 


work for not more than 20 years. Thosenot 
working should live elsewhere. Re 

This view is reinforced by a report which _ : 
embodies the findings of a seminar heldin | 
Lublin last autumn on the chemical threat 
to the Polish environment. This notesthat, 
according to a survey carried out in 1982 by 
the Planning Commission of the Council 
of Ministers, 27,000 km? of Polish 
territory, encompassing a population of 11 
million (more than 30 per cent of the total _ 5 
population), is under severe ‘ecological 
threat. Special attention is given to theo 
classification of air pollution in terms of its 
sulphur dioxide toxicity equivalent, since _ 
recent international alerts on acid rain have _ : 
made Polish planners aware of the sulphur 


















According to these figures, the: 1azard 
from heavy metal dust from the 
metallurgical and engineering industries 
equivalent to 13.8 million tonnes of 
sulphur dioxide a year, while gases from — 
the chemical industry (other than sulphur - 
dioxide and carbon monoxide) have a 
sulphur dioxide equivalent of 1.26 million. 
tonnes. The annual emission of sulphur: 
dioxide by Polish industry is 2.45 millio 
tonnes. “rs 

_ The report stresses that the whol pollu 
tion problem was worked out anew in th 








omy, and that action on three “‘strategic’ 
problems (food supplies, housing am 
restoration of the ecological balance) y 
be introduced during the 1986-90 plar 







K ` some 60-70 dives will be made in the spring 


6 Kagoshima Sea Mount. This remarkable 
< o undersea mountain, first discovered in 







© movement of the Pacific plate. 


:: Fujiyama, has split into two as the past few 
-> hundred thousand years of plate 
o movement have carried it westward over 
-othe edge of the Japan Trench. One-half of 
< the mountain has slid 1,700 metres down 
“nto: the trench and is separated by nearly 

| five kilometres from the rest of the moun- | 




















Ocean research 


_ Japan to hit bottom 
Tokyo 

A Franco-Japanese deep-sea exploration 
= programme using France’s brand-new 


undersea research vessel, the SM97, is to 
begin in Japanese waters this June. Final 
= plans for the two-year project — named 
Kaiko (Trench) — were announced by the 

` University of Tokyo’s Ocean Research 
Institute (ORI) this week after the Ministry 


: < of Finance agreed to provide Y 800 million 


- ($0.35 million) as Japan’s half-share of the 
costs. 

The areas to be explored in the Japan 
“Trench and Nankai Trough — where the 
- Pacific and Philippine plates collide with 
the Eurasian plate upon which Japan 
stands — are of more than academic signi- 
ficance for Japan. Deep seismic activity in 
- the subduction zone is the major trigger for 
the shallower earthquakes which threaten 
Tokyo and other parts of Japan’s densely 
populated eastern seaboard. 

Nine years of negotiations between ORI 
and France’s Centre National pour Exploi- 
tation des Oceans (CNEXO), within the 
framework of an older general agreement 
on oceanographic cooperation, have 
already gone into the project. Early plans 
to use the French bathyscape Archimedes 
were abandoned when the French decided 
it was too old. Instead, the go-ahead was 
given for the SM97 which, with a depth 
limit of 6,000 metres, can reach the bottom 
in 97 per cent of the ocean areas. 

Construction of the SM97 is now nearly 
complete and, after testing in the Atlantic, 
its maiden research voyage will be in 
Japanese waters. Weather permitting, 


and summer of 1985, in seven regions off 
the Japanese coast. As well as the Japan 
Trench and the Nankai Trough, surveys 
will be made of the triple junction of the 
Eurasian, Philippine and Pacific plates; 
the Suraga-Sagami Trench complex, where 
the northernmost boundary of the 
‘Philippine plate is colliding with the 
Japanese landmass; and the first 


1980, returned to prominence this week 
with the announcement of the results of a 
high-definition sonar survey by Japan’s 
~ maritime safety agency which confirm the 
The 


undersea mountain, the size of Mount 


poised on the edge of the trench. 





the French oceanographic vessel Jean 
harcot will spend two months making a 


the doses of dioxin that different groups of 





hi summer, before the SM97 arrives, | 


detailed map of the bottom topography € of 


the regions using Seabeam, probably 
supplemented by photography from the 
unmanned towed deep sea vessel Epaulard. 


= The SM97 carries a crew of three — two 


scientists and one operator — down to 
6,000 metres and is equipped with video- 


cameras and a manipulator which can be | 


used to take cameras’ samples from the 
ocean bottom. Equal numbers of French 
and Japanese scientists will man the vessel 





Dioxin exposure 
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and its mothership, Nadir, and represent- 
atives from the United States and the 
United Kingdom have also been invited to 


| participate. Results will be used to choose ., 
the best areas for the SM97 dives. One key À 





scientific problem for the project, says- 


Noriyuki Nasu, director of ORI, is to 
discover why the subduction. in the deep 
Japan Trench proceeds rapidly with the 
formation of only a small accretionary 
wedge, while in the shallower Nankai 
Trough, subduction is slow and a large 
accretionary wedge has developed. 

Alun Anderson 


US Air Force reassures veterans 


Washington 

A US Air Force study* has found scant 
evidence for veterans’ claims that their 
health was damaged by herbicides sprayed 
by US forces in Vietnam. The Air Force 
called the results of the five-year epidemi- 
ological study ‘‘reassuring’’ for the 
veterans and their families. But the argu- 
ment will continue, most conspicuously in 
the federal courts. 

Thousands of Vietnam veterans claim to 
have suffered cancer, birth defects in their 
children and other medical problems as a 
result of their exposure to the 19 million 
gallons of herbicides the Air Force used 
during the war in ‘‘Operation Ranch 
Hand’’, which aimed to destroy crops and 
deny cover to Vietcong forces. Residues of 
dioxin were present in all of the herbicides; 
Agent Orange, of which 11 million gallons 
were sprayed, contained 2 p.p.m. dioxin. 

The Air Force study compared the 
“Ranch Handers’’ with a control group 
drawn from airmen who flew cargo 
missions in Vietnam and who were not 
involved in herbicide spraying. There were 
significant differences between the two 
groups in the incidence of certain birth 
defects, skin cancer and 
‘‘miscellaneous’’ liver disorders. But there 
appeared to be no consistent pattern of the 
frequency of these maladies in relation to 


Ranch Handers were calculated to have 
received. For example, the number of birth 
defects in the children of enlisted men 
increased with exposure to dioxin, whereas 
officers with the highest calculated 
exposure to dioxin reported the fewest 
birth defects. For skin cancer and liver 
disorders, no correlation with dose was 
found. Moreover, there was no evidence of 
the health problems specifically associated 
with dioxin exposure. None had soft-tissue 
sarcomas or chloracne. 

The report suggested some grounds for 
suspicion of the data on birth defects and 
skin cancer. The birth defect results were 
based on self-reporting by the veterans and 


have not yet been confirmed by medical | 
records; the skin cancer data were not. 


adjusted for possible differences in 


sunlight exposure between the Ranch | 


ino 





Handers and the control group. 

Robert Taylor, a Washington attorney 
representing some 1,000 veterans who are 
suing Dow Chemical and other manu- 
facturers of the herbicides, claims that the 
report showed that “‘science is catching 


up” with what the veterans have known for og 


some time — that Agent Orange has indeed 
injured their health. He questioned the 
validity of the exposure estimates used in 
the report, which are calculated by dividing 
the total amount of dioxin-containing 
herbicide used during an airman’s tour of 
duty in Vietnam by the number of 
personnel who performed that airman’s 
same task during the same period. 
“Nobody really knows who was exposed 
and to how much’’, he said. 

The study does not include some two 
million ground troops who may have also 
been exposed to the herbicides. The Air 
Force maintains that ground troops would 
have received a tiny fraction of the dose 
that its personnel received from the 
herbicide sprays. blowing back into 


aircraft, from leaking hoses and during» 


manual cleaning of the spray tanks. 


According to the Air Force, 1,269 of its 


troops were involved in Operation Ranch 
Hand between 1962 and 1971. Ninety- 
seven per cent of them filled out a question- 
naire for the study, and 87 per cent agreed 
to undergo a physical examination, which 
was conducted by civilian physicians on a 
blind basis. 

The veterans’ lawsuit, which has been 
certified as a class action open to all 2.5 
million Vietnam veterans, is scheduled to 
go to trial on 7 May in US District Court in 
Brooklyn, New York. Nearly 16,000 


veterans have joined the suit, which alleges _ 












dioxin’s dangers but did not inform the 
government. The chemical companies are 
arguing that the government was equally 
aware of the hazard but took no steps to 
protect its troops, and that the companies 
were merely complying with government 
purchase orders. Stephen Budiansky 


AN Epidemiologic Investigation af Health Effects i in Air Force 


that the chemical companies knew of 


~ 


Personnel Following Exposure to Herbicides: Baseline. 


Morbidity Study Results, USAF School of Aerospace Medicine, 


‘Brooks Air Force Base, Texas; 24 February 1984. Available 


from: Surgeon General, US Air. Force, Washington, DC 20314. 
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UK engineering education 


NEWS 


emands on universities 





] NGINEERS On both sides of the Atlantic 






profession. In the: Jnited States, one major 
battle has already been won now that the 
National Science Foundation has been 
convinced of the need to spend $10 million 
a year on a network of university-based 
engineering centres to encourage inter- 
disciplinary research and to bring academic 
engineers closer to industry (see below). 

In Britain, the Engineering Council, the 
new and increasingly outspoken statutory 
body with responsibility for professional 
education and certification, wants more 
radical measures. The council this week an- 
nounced that it wants to see an extra £40 
million a year spent on engineering courses 
in universities and polytechnics, with a fur- 
ther £200 million in incentives to industrial 
companies to provide training places. 

The council hopes for a 10 per cent swing 
in student numbers from arts-based to 


science-based subjects within the decade, 


with most of the extra going to engineering. 
(Some 15 per cent of British university 
students are studying engineering of some 
kind.) But, as engineering students cost 
twice as much to educate as arts students, 
the problem of money rears its ugly head. 
The council argues that shortages of train- 
ed engineers are constraining many British 
companies with interests in high tech- 





Hall back in favour 


BewginG’s “Hall of Science” — a complex 
of more than 30 assembly and conference 
halis which was closed down during 
China’s Cultural Revolution — was 
formally reopened last month. 

_ The complex, established in 1963 under 





“Wihe patronage of Premier Zhou Enlai, at 
one time played a major role in the 


scientific life of the capital. The Red 

Guards, however, had condemned it on the 

grounds that it was a ‘‘Petofi club” — a 

term of abuse drawn from the “Petofi 
_ circles’’ of intellectuals in Hungary before 
the 1956 uprising. 


“Beijing scientists have been pressing for 


_ some time for the reopening of the Hall of 


- Science. Last month’s reinauguration was 
formally stated to have come about as a- 


result of top-level party and state 
“‘attention”’ to the problem. Accordingly, 
Zhou Peiyuan, chairman of the China 
science and Technology Association, 
‘yeminded the 800 ‘‘elated’’ scientists at the 
reopening ceremony that their return to the 
complex was intended to help them ‘‘to 
accelerate development in the various 
branches of science, to pursue major 
scientific and technological subjects in the 
course of national economic construction 


and to serve the development of socialist 


material and spiritual civilization’’. 
Vera Rich 







nology, so that no price is too high. Its 
latest pronouncement is very much a poli- 
tical gesture: its goals will be out of reach 
unless the British Government is persuaded 
to put more resources into higher educa- 


tion than the omens suggest is likely. It is 


widely feared in the universities that a cut 
in government support by one per cent or 
more each year is now in prospect. 

Many in the universities would accept 


. this part of the argument, but the council 


has also risked losing academic friends by 
coming as close as it dared to accusing the 
universities of mismanagement of their 
funds. Sir Kenneth Corfield, the council’s 
chairman, said that universities had to 
often used their recurrent grant to maintain 
the sfatus quo rather than ‘‘in the way that 
was intended’’. 

That view is not new to university vice- 
chancellors, but it is the first time it has 
been stated so publicly. At least for the next 
five years, Sir Kenneth wants a proportion 


heis “entirely opposed to the notion th 
















of the universities’ recurrent gri 
earmarked for engineering by the 
ty Grants Committee, presumably 
the same thing happening in futi 
Universities, however, jealously gu 
their right to spend their grant as th 
Mr Maurice Shock, vice-chancello 
University of Leicester, said last w 





body can sit in London and dispose of 
thousand and one considerations: of 
dividual universities’’. 

The Engineering Council also. wan r 
more academics to take their sabbaticalsin _ 
industry, and estimates that £7 million in — 
earmarked funds is needed for the purpose. _ 
That idea is likely to be more acceptable to 
the universities and, as greater. colla- 
boration between universities and industry - 
has been one of the most popular choruses _ 
of recent years, it might make some head- 
way. The Committee of Vice-Chancellors 
and Principals has within the past month — 
set up a committee to investigate the — 
obstacles to collaboration; the transfer- 
ability of pensions is one area likely to be. : 
scrutinized. Tim Beardsley ro 





US engineering education 


Tripartite centres mooted 


Washington 

THE Reagan Administration seems to be 
pinning a great deal of hope for engineering 
education on a plan to establish engineer- 
ing centres in close association with univer- 
sity engineering departments. The Na- 
tional Science Foundation (NSF)’s draft 
budget for the next financial year includes a 
request for £10 million to launch the 
scheme, which has been applauded by a 
panel of the National Academy of 
Engineering. Meanwhile, NSF is working 
on the details of the scheme, when universi- 
ty departments will be invited to submit 
proposals. 

Creation of the centres was proposed last 
year by NSF’s engineering directorate in a 
working paper that argued that while much 
attention had been paid to the falling 
number of engineers prepared to work in 
universities, relatively little had focused on 
the quality of research produced by univer- 


sity engineers. In too many areas, it com- - 
industrial applications had | 


plained, 
outstripped the fundamental knowledge 
developed at universities. To keep pace, 
universities needed to foster research 
across the traditional sub-disciplines, and 
nurture closer contacts with large-scale 
engineering projects undertaken in in- 
dustry. 


In a report last month, the National | 


Academy of Engineering endorsed the NSF 
scheme — with a vengeance. While con- 
ceding that NSF might have to begin by 


establishing fewer than ten centres in the | 


first year, the academy wants NSF to aim 
eventually for a network of 25 centres, at 


an Overen cost of at least £100 million. 
Engineering departments that want to ion 


engineering. In a recent speech. 





the new scheme should ensure that at least 
10 per cent of their postgraduate engineer- - 
ing students and at least three full-time 
members of staff are involved in the centre... 
Despite its enthusiasm, the academy has ~ 
warned NSF that the centres should be seen - 
as only one of several steps urgently needed _ 
to raise the standards of engineering _ 
research and education. Equally important — 
are measures to lure talented engineersinto 
university careers, an increase in the size of 
NSF research grants to engineers and 
replacement of outdated equipment. The- 
academy also insists that the new emphasis 
on interdisciplinary research should not be 
allowed to impoverish fundamental : 
disciplinary research. ; 
NSF’s handling of the new centres will be 
closely watched by an engineering com- 
munity already critical of the foundation. 
Many university engineers maintain that- 
NSF has paid insufficient attention to- 
engineering, and a bill has been introduced. 
in Congress to turn NSF into a National — 
Science and Engineering Foundation. The 
bill would increase the number of engineer- _ 
ing directorates at NSF and call on the- 
foundation to sponsor applied research not 
yet ripe for industrial exploitation. 2. 
Dr Edward Knapp, NSF’s director, has 
meanwhile been emphasizing the impor- 
tance the foundation already pla 
















University in North Carolina, he 
out that half of the awards granted 
under NSF’s new ‘young investiga 
scheme were earmarked for engin 
he promised that the same 
would be designated under i 


3 their local congressman. a 


toa 





~ Social sciences 





`: Washington 
_. LEGEND has it that Congress’s scientific 
=- committees possess a document known as 
— the “‘silly research book”, a continuously 
> updated collection of explanations and 
.. defences of social science research 
supported by the National Science 
Foundation (NSF). The book is brought to 
budget debates to help blunt the criticisms 
of the many congressmen who, like 
Wisconsin’s William Proxmire, believe the 
bulk of social science to be little more than 
a cruel hoax perpetrated on the taxpayer by 
the intellectually self-indulgent. When the 
Reagan Administration arrived in office, 
even the silly research book seemed to offer 
little hope of averting a nemesis for social 
science research. The administration lost 
little time in making plain its antipathy 
towards social science: in proposals for 
NSF’s budget for fiscal year 1982, the 


x _ White House asked for reductions of 75 per 
-= centinthe social and economic sciences, 67 


per cent in the behavioural and cognitive 

: sciences and 39 per cent in the anthropol- 
ogy programme. 

Four years later, all that has changed. 
- Social science continues to prosper, if not 
thrive, within NSF and the other federal 
agencies which sponsor research. In the 
administration’s budget request for fiscal 
year 1985, spending for social science by 
NSF is almost back to its 1980 levels. 

Why the change of heart? At least part of 
the reason is the unexpected success of the 
US social science community in using 
traditional congressional lobbying 
techniques to build up support. At the 
heart of this lobbying effort is a fledgling 
Washington-based organization called the 
Consortium of Social Science Associations 
(COSSA), established in 1981 by half a 
dozen learned societies representing key 
social research disciplines. Led by a 
combative historian, Dr Roberta Balstad 
Miller, COSSA is given much of the credit 
for pulling off a remarkable reversal of 
social science’s fortunes. 

Although it represents a collection of 
learned societies, COSSA operates much 


like any other political lobbying organiza- | 


tion in Washington. Last year its spokes- 
men testified in front of a dozen congres- 
ional committees to argue the case for sus- 
tained government support of social re- 
search: The high-water mark for COSSA 


came in a fraught budget debate in July 


1981, when social scientists were still 
stunned by the administration’s proposal 
to. cut NSF's social research by 75 per cent. 


Before the: debate, which was to determine | 


whether Congress would accept the 
administration plans, COSSA launched an 


unprecedented campaign to muster 


political influence. — — 


Some 4,000 social scientists: vere asked 


by their disciplinary associat ns 








unnecessary tier of authority. 







- NEWS 


- Lobby success in Congress 


tion to the cuts. Every member of Congress 
received a letter from COSSA and many 
were visited by delegations of academics 
from their home states. Sympathetic con- 
gressmen were even provided with texts of 
arguments that could be made on the floor 
of the House of Representatives to support 
the case against the administration. In the 
end, the administration’s budget for NSF 
was defeated by 264 votes to 152, after a 
debate studded with unaccustomed 
allusions to the national importance of 
social science research. 

At the very least, the debate appeared to 
teach the White House’s Office of Manage- 
ment and Budget (OMB) that there could 
be no politically painless cuts in social 
science research. And the creation of 
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COSSA provided social science for the first 
time with a single-minded watchdog that 
can be relied on to howl in outrage 
whenever the disciplines it represents are 
treated unfairly in the budget process. 


Yet social science has not been entirely 


unchanged by the advent of the Reagan 
Administration. In many agencies, support 
for social research has changed to reflect 
short-term policy goals with clear links to 
the agency’s mission. Some years ago a 
famous (and, by all accounts, excellent) 
study of the population of nineteenth- 
century Philadelphia was given substantial 
funds by the National Institute of Mental 
Health. It is doubtful whether a similar 
project would be supported today. COSSA 
may have been able to blunt much tradi- 
tional antipathy towards social sciences, 
but the Reagan Administration has also 
seen to it that there are fewer candidates for 
the silly research book. Peter David 





Europe’s environment 


Glimmer of hope for forests 


EUROPEAN environment ministers last 
week accepted the principle of reducing air 
pollution from industrial plant by means of 
fixed emission limits. Spurred by concern 
about damage to forests in central Europe, 
the ministers adopted a framework direc- 
tive that will allow tough emission controls 
to be introduced in later legislation. One 
major implementing directive, on limiting 
emissions from large combustion plants, is 
already waiting for formal decision. 

The controversial clause in the directive 
adopted last week says that fixed emission 
limits shall be introduced only with the 
unanimous agreement of the Council of 
Ministers. That represents a compromise 
wording insisted upon by Britain, which is 
opposed to the use of Community-wide 
emission limits if they can be avoided. An 
earlier draft of the framework directive 
allowed for the introduction of fixed emis- 
sion limits by a two-thirds majority, a 
feature which Britain contested. The revised 
clause also allows ministers to take account 
of ‘“‘excessive cost’’ and the ‘‘nature, quanti- 
ty and harmfulness of the emissions’’. 

The British view is that emission limits 
laid down in Brussels would introduce an 
Britain’s 
chief industrial air pollution inspector, Dr 
Leslie Reed, recently argued forcefully that 
the British concept of ‘‘best practicable 
means” might be adequate to deal with 
many pollutants. But new British legisla- 
tion will now be necessary. The implement- 
ing directive on emissions from large com- 


| bustion plants that is now awaiting formal 


discussion incorporates a belt-and-braces 


approach: fixed emission limits for new in- 


dustrial plant, and also large percentage 
reductions in total national emissions of 


| sulphur dioxide, nitrogen oxides and dust. 
_It is left to individual countries’ discretion 
-on:| how.compliance should be achieved. | 
d he co mpromise n now v reached would i ki Debs. ETE T E 





theory allow any member state to veto the 
further directives, although it seems 
unlikely that any country would risk the 
odium of all the others on such a sensitive 
issue. Scandinavian countries were this 
week making representations to Britain to 
reduce sulphur dioxide emissions. Officials 
in Britain will admit privately that there is a 
good case for taking some action to reduce 
sulphur dioxide emissions, but are not im- 
pressed by the Community’s argument that 
uniform emission standards applying to all 
new plant would lead to fairer economic 
competition. 

The real argument is now likely to begin 
in earnest, over the numbers to be plugged 
into the implementing directives. The Cen- 


tral Electricity Generating Board has con- <j, 





demned the present targets of 60 per cent” 
reductions in national sulphur dioxide 
emissions and 40 per cent reductions in 
nitrogen oxide and dust emissions as ex- 
cessive. Even a 50 per cent reduction in its 
own emissions would, it says, cost £1,500 
million in capital investment and £300 
million a year, raising electricity prices by 
up to 15 per cent. The board also argues 
that there is no good evidence that reducing 
emissions would achieve the desired ef- 
fects. Many others think that the balance 
of the evidence has now swung in the 


| favour of reducing emissions. Much is 
made of a study by the US National 


Academy of Science which, according to 
one directive, ‘‘established. . . the existence | 
of a linear relationship between emissions 
and the quantity of acid depositions’’. 
Before adopting any detailed directives 
on measures to combat air pollution, the 
council of ministers will want to seek an 
opinion from the European Parliament. A 
rapporteur has already been appointed to 
prepare comments on the directive relating 


-tocombustion plants. 
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Plant genetics 


Safeguarding the pool 


tion and commercialization of agriculture 


; A BINDING international commitment to 
' the conservation of plant genetic resources 
and to setting up an international 
commission to monitor work in this field 
are embodied in an agreement proposed in 
the recent report of the 22nd session of the 
Food and Agricultural Organization 
(FAO). However, the form of agreement, 
yet to be ratified by member governments, 
‘leaves unanswered many questions about 
administrative and financial relationships 
with existing organizations. Moreover, by 
confining the proposed commission to 
FAO members, the Soviet Union and East 
Germany, both important holders of plant 
genetic resources, are excluded as is the 
United Nations Educational, Scientific 
and Cultural Organization, which under 
the Man and Biosphere programme is the 
main UN agency responsible for in situ 
conservation. The United States, Japan, 
Canada and Switzerland are thought to 





T have expressed opposition to the 


" agreement and France, West Germany, the 
Netherlands and the United Kingdom have 
objected on procedural grounds, because 
last minute changes to the proposed 
composition of the commission, instigated 
by Mexico, prevented adequate 
consultation between delegates and their 
home bases. 

Governments that ratify the agreement 
will declare their readiness to ‘““ensure that 
plant genetic resources of agricultural 
interest will be explored, preserved, eval- 
uated and made available for plant breed- 
ing for the benefit of all human beings’’. 
The resources include cultivars, related 
wild or weedy species and special genetic 
stocks. The proposed agreement would 
¿result in a coordinated network of 


-Pmational, regional and international 





centres, including base collections which 
together would form an “‘international 
gene bank”, under the auspices or jurisdic- 
tion of FAO. 

Accessions must be held in more than 
one institution because conservation 
efforts are subject to human, social and 
„economic failure. For example, of 1,000 


_ Sugar clones held in Papua New Guinea in 
1955, only 204 remained in 1975. And the | 


fate of the Ethiopian wheat institute is at 
present unknown. The scale of the problem 


is immense; there are already 293,000 | 


accessions of cereal crops held in the Soviet 
nion, United States and Philippines 
one. The Asian Vegetable Research 
Station in Taiwan has acquired 10,000 
soybeans in six years. And the Inter- 
national Rubber Research and Develop- 
ment Board, in its annual report published 





last week, estimates that there are 200,000 | 


rubber genotypes kept as seeds in its Germ- 
plasm Centre in Manaus, Brazil. The 
_ pressure to collect and store plant genetic 


< resources is increasing as the destruction of | | 0 
_. Wild habitats, natural disasters, urbaniza- l: „= 





all combine to threaten in situ conserva- 
tion, For example, massive loss of 


Afghanistan’s native wheats occurred in 
the 1970s after drought, harvest failures | 
and catastrophic famine were followed by: 


importation of thousands of tonnes of seed 
corn. 


FAO fears that commercial pressures | 


contribute to genetic erosion and non- 
availability of germ plasm, because the 
adoption of high-yielding strains causes 
abandonment of genetically rich primitive 
stocks, and private companies hold large 


gene banks. However, the existence of a 


plant breeding industry depends on an 
adequate return on capital investment 
protected by plant varieties rights legisla- 
tion. In addition, developing countries are 
increasingly acquiring their own breeding 
and seed-producing facilities and material 
is freely available from existing inter- 
national institutes, such as, for example, 
the Wellsbourne vegetable collection partly 
supported by Oxfam, the largest UK 
Overseas charity, 

The FAO plan may eventually duplicate, 
replace or absorb the Consultative Group 
on International Agricultural Research 
(CGIAR) and the International Board 
for Plant Genetic Resources (IBPGR). 
CGIAR supports a wide programme, 
including the 12 international agricultural 
research centres, partly supported by 
countries in which they are situated. It also 
supports IBPGR, which has effectively 
pursued a large range of activities including 
providing basic equipment for national 
gene banks in 20 developing countries, 
sponsored 250 collecting missions in more 


are said to be a Slovak and. 
Hitherto, although there have been 


the official attitude has been that 
like herpes, is a disease of capitalis 











Eastern AIDS — 

THE first confirmed cases of 
immune deficiency syndrome ( 
the socialist bloc were reported la 
from Czechoslovakia, where the 


firmed rumours of cases in Ea 





In Poland, however, the threat of AIDS - 
was taken more seriously, since neglect of 
the hospital service during the Gierek era 
has led to cramped conditions and frequent _ 
cross-infection due to re-use of disposable 
syringes and catheters. Last autumn, the 
weekly Polityka assured the public that if 
the disease reached Poland, the health 
service would be able to cope. Aes 

Following the reports from Ci echo- 
slovakia, the Polish Institute of Hygiene 
has issued a special leaflet to help doctors _ 


make a swift diagnosis, and blood donor 


stations are to take steps to ensure that _ 
people with AIDS do not. give blood. 
According to a spokesman for the Ministry 
of Health, no cases of AIDS have been 
identified in Poland. Many doctors fear, 
however, that AIDS symptoms may 
already have appeared but have been 
mistaken for some other disease, i 
Vera Rich | 
than 70 countries, supported training pro- 
grammes and published directories on | 
plant genetic resources, However, these ae 
autonomous, philanthropic, non-profit 
Organizations lack “legal personality”, 
and in face of the increasing politicization _ 
of the issues surrounding plant genetic — 
resources, FAO seeks to createamoreinsti- 
tutionalized structure and forum. for 
discussion. Sarah Tooze _ 
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_ Sir — I believe your leading article, ““What 
` rights for animals?” (Nature 306, 522; 
< 1984) contains three important fallacies. 
First, implicit in the article is the 
-~ assumption that we do at present put a 
_ sufficiently high value on the human right 
> to life and freedom from suffering. While 
- children are still allowed to die of hunger 
- because affluent nations prefer to convert 
vegetable foods to meat (with around 90 
per cent wastage) rather than undertake the 
difficult task of achieving fair distribution 
of essentials, this cannot be so. 

Second, the article initially claims that 
retarded humans have rights, while animals 
do not, because ill-treatment of subnormal 
~ humans may lead to similar treatment of 
humans who are ‘‘different’’ but not 
‘‘inferior’’, while ill-treating animals 
cannot have this effect (because of the clear 
distinction between animals and humans). 
It then goes on to say that ‘‘wanton’’ iH- 
treatment of animals (that is, cruelty for 
fun) is wrong because it corrupts the 
human values of compassion. However, if 
this is true, one must accept that some 
degree of continuity exists between the 
emotions which govern our behaviour 
towards human beings and those which 
occur when we interact with animals. In 
fact there is a considerable body of 
evidence which suggests that cruelty 
towards animals and violence towards 
humans do have common causes. | 

if compassion towards animals is not 
a qualitatively different emotion from 
compassion towards humans, and since a 
very great deal remains to be done to 
remove the injustices which many humans 
suffer, it can only be a healthy sign that 
there are people whose ‘‘personal compas- 
sion outweighs any desire to eat meat”. 
Thus animals could well be judged to have 
rights on the basis of the arguments which 
your writer accepts as valid in the case of 
retarded humans. (Although I do not 
myself accept that such humans have rights 
only because being cruel to them might lead 
to mistreatment of ‘‘real’’ people.) 

Third, I think the article assigns an 
< unbalanced degree of importance to 
< certain human states of mind. Clearly there 
~ ig a moral difference between inflicting 
suffering for fun and inflicting equivalent 
suffering as an unwanted by-product of 
some desired end. However, where that 
end is itself trivial, I suggest that the 
-< subjective feelings of the human agents 
<. involved are of rather less moment than 
© those of the animals which actually 
< experience pain or distress. Furthermore, 


this emphasis upon motivation is danger- 
ous because there is unfortunately much | 
evidence that very similar reasoning is- 


frequently employed in situations where 
people are hurt. Industrialists who would 


nothing wrong in promoting bottle-feeding 


not dream of physically abusing a child see 


to. mothers who lack facilities to use this. moral implications stem from whatever |. 






method safely; babies die as a result, but 
the manufacturers feel no guilt because 
they were ‘‘only doing the best they could 
for their shareholders’’. 

Finally, may I address your censure that 
animal rightists lack a sense of humour. I 
do not believe that those responsible for 
decisions which affect animals fully 
appreciate what very great distress is 
caused to many quite ordinary people by 
the infliction of suffering upon animals. 
Whether we like it or not, very large 
numbers of people do view their pets as 
members of the family, and react accord- 
ingly when similar animals are harmed. It is 
as unreasonable to expect them to keep, for 
example, the Draize test of shampoos, in 
proportion as it would be to expect an 
assault upon one child to be kept in 
proportion. When such people repeatedly 
hear eminent scientists defending experi- 
ments which clearly are trivial, or saying 
that it is impossible to draw a line between 
cosmetic and medical experiments it is 
hardly surprising if they conclude that all 
animal experiments would prove equally 
unnecessary if closely investigated. 

ROSEMARY RODD 
48 Gwydir Street, 
Cambridge CB1 2LL, UK 


Sır — The leading article on rights for 
animals contains several flaws. For 
example, you state that ‘“‘there are simply 
no consistent or universal principles that 
imbue animals with ‘rights’ as exercised by 
humans’’. However, there is considerable 
controversy and disagreement among 
contemporary philosophers about the 
proper analysis of the notion of rights, 
human or animal. There is also heated 
disagreement about the proper substantive 
grounds for granting, or not granting, 
recognition of moral rights even to 
humans. Your justification for defending 
the rights of severely handicapped humans is 
purely consequentialist (once we curtail the 
rights of one group of humans, it will not 
be long before we curtail the rights of 
others). It could, therefore, be seen as a 
denial that such human beings have their 
own intrinsic moral rights. 

One cannot, therefore, decide the issue 
of how animals should be considered 
merely by asserting that humans have 
moral rights that are different. We must, 
instead, squarely face the challenge laid 
down by several modern philosophers as to 


why humans and animals are treated so | 


differently. In this regard, it is important to 
provide an adequate answer to why we 


should treat mentally incapacitated 


humans (who are apparently not rational 
nor self-aware) any differently from verte- 
brate animals which may be self-aware and 
capable of reason. Crook has recently 


discussed the concept of animal conscious- 


ness and has indicated that considerable 





conclusions are reached (J.H. Crook, 


- Nature 303, 11-14; 1983). 


It should also be noted that human 
recognition of ‘‘a moral obligation to treat 
animals with compassion and to respect 
their undeniable interests” is, at best, * 
inconsistent and spotty. The pet dog and 
cat receive considerably more protection 
than the pig in a farrowing crate and yet 
surely pigs, dogs and cats have very similar 
mental capacities. The only reason that we 
can keep pigs ina manner not fit for a dog is 
because our interest in pigs is different 
from the interest in dogs. (In some 
societies, pigs are kept as pets and dogs 
eaten.) Our “‘respect’’ for the interests of 
the animals is primarily a concern for our 
own interests in the animal's well-being. 

Obviously, we have to draw lines in 
establishing some form of moral construct 
for humans and the rest of creation. It 
seems intuitively obvious that bacteria do 
not and should not have the same moral 
status as ourselves but neither are they 
without any value whatsoever. However, it is 


equally obvious that we have not thought .. 


carefully about the place of mammals in the ~ 

moral continuum and that there are many in- 

consistencies in our attitude towards and 

treatment of our fellow vertebrates. 
ANDREW N. ROWAN 
JERROLD TANNENBAUM 

School of Veterinary Medicine, 

Tufts University, 

Medford, Massachusetts 02155, USA 





Israel squeezed in 


Sin — I was a little surprised to read in 
Nature (2 February, p.408) that Israeli 
scientists will not be able to participate in 
the 7th International Biotechnology 
Symposium. On the contrary, as the result 
of discussions and negotiations undertaken 


by the International Council of Scientific. 


Union’s Standing Committee on the Freg 
Circulation of Scientists, arrangements — 
were made for Israeli scientists to 
participate. Your correspondent received 
on 6 January a letter from the organizers 
advising him that his visa could be obtained 
on arrival. He also received a cable on 27 
January informing him that Indian 
missions in Cairo, London and Rome had 
received cables giving instructions to clear 
his visa on application. It is easy to 
understand the concern of a scientist when 
having problems in obtaining a visa but to 
call for a boycott of the symposium when 
the person concerned knew that delicate 
negotiations were proceeding with the 


Indian authorities not only shows a ” 


singular disregard of the problems involved 
but is also unlikely to facilitate future nego- 
tiations, especially if the visa problem 
concerns the person involved. : 

F.W.G. BAKER 


| Executive Secretary, — 


International Council of 
Scientific Unions, __ 

51 Bd de Montmorency, 

75016 Paris, France 
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San Francisco 

OnE way and another, this splendid city has 
the dubious reputation of being the AIDS 
capital of the world. Although new cases 
now arise more frequently elsewhere, in 
New York for example, this is where the 
unusual occurrence of Kaposi’s sarcoma 
and lung infection by the organism 
Pneumocystis carinii were first recognized 
to be symptoms of an underlying profound 
defect of the immune system now known as 
acquired immune deficiency disease, or 
AIDS. What follows is an account of a 


General Hospital for the treatment of 
patients with the disease. 

The first thing to say is how little there is 
to say. The second, that in the 
circumstances it is remarkable that the staff 
of the clinic (mostly physicians in their 
thirties) should so quickly have cultivated 
such an admirable blend of detachment 
and understanding in the face of the 
frustration which is their daily lot. 

Even the news from the Davis campus of 
the University of California that Dr 
Preston L. Marx’s group there has 
identified a B-type retrovirus as the 
probable causative agent of the simian 
(monkey) analogue of human AIDS seems 
to offer no relief from the frustration. That 
wzeport, said to have appeared in the current 





that the causative agents of simian and 
human AIDS are identical or even prove 
that the agent of human AIDS is a 
retrovirus. People here are keen to point 
out that a DNA virus with properties akin 
to those of hepatitis-B virus would equally 
explain the tendency of the human AIDS 
virus to go antigenically to ground, 
-For what it is worth, the agent of simian 


AIDS seems to have been about for longer 


than its human analogue. Although the 
retrovirus identified at Davis is derived 
from a rhesus monkey that died with 
immune deficiency more than a year ago 


monkey kidney cells and also transmitted 
to other monkeys), Dr Marx thinks it likely 
that evidence for its occurrence can be 
found in the records of the rhesus monkey 
colony going back at least to 1975, perhaps 
even earlier. The proof that the virus is a 
retrovirus hangs on its shape (seen in 
electron micrographs) and on the presence 


. of reverse transcriptase (for converting- ri ; | 
<e RNA into the appropriate DNA) in tissue | 109, 


and although it has since been cultured in | 





NEWS AND VIEWS 


*No new ways of treating AIDS 


The discovery of what may be the agent responsible for the simian analogue of AIDS does not, Aet 
time being, help with understanding the human disease or simplify its management. 


physicians, is that even if the agent 
responsible for human AIDS may be 
similar in kind, there is no obvious way in 
which this can be demonstrated quickly 
and no obvious way, thereafter, to the 
development of prophylactic techniques. 
So how gloomy should one be about 
human AIDS? The physicians note that the 
treatment they are at present able to 
provide for their patients in the clinic 
amounts to nothing but the treatment of 
the adventitious symptoms of the 
underlying condition. And even there, the 
prospects for intervention are poor. Drugs 
that could be counted on to succeed in the 
treatment of, say, Pneumocystis carinii 
infection in healthy patients turn out to be 


toxic in patients with AIDS. So it may be- 


necessary to treat a patient suffering from 
such an infection with two drugs 
consecutively in the knowledge that this 
will exhaust the repertoire of what is 
available, meaning that a second bout of 
infection may be intractable. 

This is why immediate hopes centre on 
the trials about to be mounted in San Fran- 
cisco of the efficacy of genetically 
engineered ‘Y-interferon and of 
interleukin-2. Both studies should be under 
way within six weeks. There is also a study 
of the usefulness of & -interferon among 
people suffering from blood-cell disorders 
that may be precursors of outright AIDS 
but which may also be less severe conse- 
quences of infection by the same causative 
agent. 

What, in the circumstances, can patients 
suffering from AIDS be told? The simple 
answer seems to be the truth. The physi- 


cians point out that the population of male | 


homosexuals most at risk is also, in San 


Francisco, an intelligent population of- 


people able and willing to assume respon- 
sibility for their own fate. Patients 
therefore get to know that if they are pro- 
perly diagnosed as suffering from AIDS, 


the prognosis is gloomy. Many take the | 


view that the best they can do is to arrange 


that the quality of their life shall be as faras | 


possible preserved. Hospitalization is 
wherever possible avoided, 
So how serious is the outbreak of human 


AIDS? And is it fair to describe it as an | 


epidemic? While the number of cases so far 


‘recognized is still only j just over 400, people 








hat the incidence of 





the disease is hig ng the population at 

risk, perhaps several hundred a year per |. 

100,000 single men. Moreover, there seems 
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cases accumulate in the city, which: appears - 
to have increased month by month except _ 
for a brief hiatus in mid-1983. Sooner or _ 
later, of course, the rate at which new cases _ 
occur should level off, but when that willbe _ 
can be told only when more known of the © 
natural history of the disease and of how x 
the infection is acquired. 5 
Epidemic is, then, the right word: that i is : 
what the physicians say. Indeed, part of © 
their anxiety is that the population at risk 
may be lulled into a false sense of security : 
by optimistic reports that some new 
development may spell the understanding : 
and imminent treatment of the disease. __ 
Indeed, they have a still more chilling vi- 2 
sion of where the present epidemic may 
lead. The agent of AIDS, whatever it is, 
seems to be in its virulent form a genuinely 
novel infection of human beings. Since the 
condition was first recognized for what it 
is, there has naturally been a diligent search 
of past medical records for evidence of the 
characteristic adventitious symptoms, 
among which Kaposi’s sarcoma should be: 
the most distinctive. So far, the search has 


`- been unsuccessful. So what, in 1979, when 


the first deaths occurred from what was. 
two years later recognized as AIDS, can 
have happened to the causative agent? The: 
analogy with the agent of syphilis, a skin 
disease before it became a venereal disease, 
shows that infectious agents can radically 
change their habit and the nature of the 
disease they cause. May, then, the agent of 
AIDS change again, becoming in the pro- 
cess a more generalized infection of peo- : 
ple? 5 
The opinion that the AIDs agent may be : 
an infectious agent in the course of adapta- 
tion to a new ecological relationship with 
human beings is supported by evidence as 
well as by imagination. The difference be- 
tween the symptoms manifest among ale 
homosexuals and among the others g roups : 
among whom the disease occurs, emigrants. 
from Zaire or Haiti, for example, suggests 
some such variability. te aes 












Others working in the field give a 
ferent but no less chilling account of y 
happening. Noting the prevalence of lyr 
phadenopathy among the populatior i 
risk which appears not always to become- 
frank AIDS, they imply that the infectious 
agent may already be widespread in. the 
human population, in which case the ob- 
jective of research should be not so much to. 
identify the virus as to tell what trauma 

















__ from Alan F. Williams 

< THe molecular nature of the T-lymphocyte 
antigen receptor has been the most 
- mysterious and controversial issue in im- 
`- munology over the past decade. One major 
- question has been the extent to which the 
- receptor is related in structure to immuno- 
globulins. Three papers'*, from two inde- 
pendent groups, in this issue of Nature 
„(pages 145, 149 and 153)are the first to pro- 
vide molecular evidence that the answer, in 
brief, is that at least one of the two chains 
of the receptor looks rather like an 
immunoglobulin light chain (see Fig.1). 

B and T lymphocytes are quite distinct 
cell types. B lymphocytes dif ferentiate in 
the bone marrow and their only known 
function is to respond to an antigen and 
- produce cells that secrete antibody. T lym- 
<. phocytes differentiate in the thymus and 
“interact directly with other cells to regulate 
the immune response or to kill cells express- 
ing the appropriate antigen. B cells can 
simply bind foreign antigen, but most T 
cells can only see antigen presented at the 
surface of another cell where it is recog- 
nized along with molecules encoded by the 
major histocompatibility complex (MHC). 
This dual recognition could involve one 
receptor for each determinant or the more 

favoured possibility of one receptor recog- 
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The T-lymphocyte 
receptor — elusive no more 





| Fig. 1 Model for the mouse polypeptide 86T! plus a second chain with hypothetical domain 
7 aking up a T-receptor structure consistent with the monoclonal antibody data®-!9, and | 


antigen 


‘nizing both foreign antigen and MHC an- 


tigen. Clearly molecular data are needed 
to resolve these issues. 3 

Although it has long been known that 
the antigen receptors of B lymphocytes are 
cell-bound immunoglobulins®, the many: 
claims. that T lymphocytes express im- 
munoglobulin gene products have lacked 
clear molecular evidence. Studies using 
gene probes finally convinced most 
workers that immunoglobulin genes are 
not expressed in T cells and at the end of 
1982 it was concluded that nothing was 
known about the molecular nature of the 
T-cell receptor’. 

This situation began to change in 1983 
with two reports of monoclonal antibodies 
that were specific for individual T-cell 
clones or T-hybridoma lines and which in- 
hibited T-cell functions®’. In both cases 
the antibodies bound to a structure that 
was a disulphide-linked dimer of poly- 
peptides of about 40,000 and 43,000 
molecular weight (mouse) and 43,000 and 
49,000 molecular weight (human). These 
structures are similar to a glycoprotein 
dimer identified as a tumour-specific anti- 
gen of a mouse T lymphoma!®. Peptide 
maps showed that the two chains in the 
dimer were distinct and also that the 
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equivalent chains from clones of different 
specificities had some peptides that were 
different and possibly others that were 
similar or identical’. So far there are n 
published sequence data on these. poly- 
peptide chains. 7 a. 
The authors of the papers in this issue 
took a different approach. Their strategy 
was to clone cDNA copied from T-cell 
mRNA, select out the clones that were 
specific for T lymphocytes and finally to 
search among these clones for any that 
might potentially encode part of the T-cell 
receptor, of 
The surprise is that in both the mouse? 
and human! studies, equivalent molecules 
have been identified. Sequence similarities 
are at the level of about 80 per cent in the 
carboxy-terminal halves of the molecules 
which suggests that the human and mouse 
forms of the same gene have been identi- 
fied. Both sequences contain one segment 
that can be convincingly aligned with an 
immunoglobulin V domain and another 
that fits well with an immunoglobulin C 
domain. The model in Fig.1 would fitz 
either molecule with the exception that the 
human molecule is predicted to have two ~ 
N-linked carbohydrate structures rather 
than five as shown for the mouse molecule. 
The evidence that the molecules iden- 
tified are part of the T receptor is strongest 
for the mouse molecule whose genes have 
been shown to be rearranged in T cells but 
not in other cell types?. Also a region of 
varying sequence associated with the 
constant region has been established’. 
Thus it seems clear that a gene set has been 
discovered which is similar to, but distinct 
from, those of the immunoglobulin light 
chains. If the second chain identified in the 
monoclonal antibody studies has a similar 
structure, then the T receptor will look 
much like a MHC class H antigen or one 
Fab fragment of an immunoglobulins, 
(Fig.1). + 
However this may be far from the 
complete story. Hedrick ef al. describe 
cDNA clone 86T1 in most detail but they 
also present partial sequences on three 
other cDNA clones?. All appear to have the 
same carboxy terminus but their sequences 
differ at the amino terminus. The level of 
sequence diversity seems to be much 
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greater than in the case of immunoglobulin 
V domains which show highly conserved 
sequences outside the hypervariable 


\ regions that make up the antigen- 





© combining site (Fig.2)!'. Moreover, only 

clone 86T1 has a domain resembling an 
immunoglobulin V domain. For example, 
clone 86TS5 has no cysteine residue which 
could be a candidate for homology with 
Cys 109 in 86T1, around which is seen the 
greatest identity of sequence with immuno- 
globulin V domains. Thus it is not at all 
clear that a structure like that shown in 
Fig.1 will be typical for all T-receptor poly- 
peptide chains. 

From now on things will move fast. All 
the questions that have been answered for 
immunoglobulin genes and sequences will 
be asked of the T-receptor molecules and 
their expression in T-cell subsets will be 
eagerly investigated. With luck, cDNA 
clones coding for the other polypeptides of 
the T-cell receptor will soon be obtained. It 
will be vital to close the circle between 
structures predicted from the cDNA clones 

Wand the glycoproteins discovered with 
“monoclonal antibodies on T-cell clones 
and hybridomas. This can be achieved 
either by sequencing the proteins or by 
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Fig. 2 Folding pattern for an immuno- 
globulin V domain. Antiparallel B-strands 
labelled A-G along the sequence fold to 
form two fi-sheets that are held together by 
hydrophobic interactions and the 
disulphide bond indicated by the bar. The 
loops of sequence that form half of the 
combining site for antigen are labelled 
hypervariable regions. They show 
extensive sequence variation between 
different V domains while much of the rest 
of the sequence is highly conserved 
(adapted from ref, 14). 


showing that antibodies raised against 
peptides predicted from the cDNA clones 
will react with the same structures as the 


The tale of a falling cat 


THE feline somersault shown below may 
not at first sight look a candidate for an 
historic scientific photograph, but in factit 
occupies a special place both scientifically 
and photographically. It was recorded in 
1894 on a continuous filmstrip by one of 
the most ingenious and productive 
scientific photographers of the last 
century, Etienne-Jules Marey, using an 
advanced form of his ‘chronophoto- 
graphic’ apparatus with a rotating shutter. 
© On29 October of the same year, the film- 

rip was run through a zoetrope (a 
Victorian antecedent of the cineprojector) 
at a meeting of the Académie des Sciences 
in Paris. The falling cat sparked lively con- 
troversy among the academicians. 
Dropped upside down, cats virtually 
always manage to land feet-first, in 
apparent contradiction of the principle of 
conservation of angular momentum. The 


sequence of frozen images, shown below, 







far from resolving the question, incited 
Messieurs Appell, Deprez, Fouché, 
Guyou, Lecornu, Lévy, Picard, West and 
others to debate whether the ‘theorem of 
areas’ (as the conservation law was 
described, following Laplace) had been 
photographically confounded. Indeed, 
Guyou — the speaker after Marey at the 29 
October séance — started by saying that 
“this spontaneous turning of the animal 
appears impossible’’, 

The controversy came within a whisker 


of becoming another case where | 


theoreticians prove that, aerodynamically, 
bees cannot fly, Marey pointed out that the 
cat first flings its hind paws out with its 
forepaws retracted to rotate its head and 
shoulders and then reverses the procedure, 
extending its forepaws whilst tucking in its 


hind ones. On the basis of the photo- 


graphic evidence, he gave short shrift to 


Prior notions that the cat shoves itself in the 
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monoclonal antibodies. Hedrick et 
already mention that anti-peptide a 
bodies against their structure block T 
responses? , es 
Does the structure illustrated in Fig. 1 
help explain how the T-cell receptor _ 
recognizes a foreign antigen in association _ 
with a MHC antigen? Not much because | 
the V domains presumably formastructure _ 
like the antigen-combining site of _ 





immunoglobulin which recognizes only a 
small area of protein or carbohydrate __ 


antigen'*. A vital point here is whether the _ 
T-cell receptor V domains will show — 
hypervariable regions i 
immunoglobulin V domains or whether, as 
the data of Hedrick ef al. already suggest, _ 


they will show extensive variation — 
throughout much of their sequence. If this 
is so, then the combining site of the T-cell 
receptor may be considerably larger than _ 
that of antibody, and this might allow a __ 


single T-cell receptor to recognize both 
foreign antigen and MHC antigen. = 0 oS 
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Alan F. Williams is Director of. the MRC ite . 
Cellular Immunology Unit, Sir William Dunn 


School of Pathology, University of Oxford, 
South Parks Road, Oxford OX1 3RE. i 


right direction at the moment of falling, in 
this instance pushing against the 
experimenter’s hands; or that it somehow 


utilizes air resistance. | ae 
The Italian mathematician Giuseppe 


Peano, writing in 1895, dealt wittily with oe 
what he considered the quite irrelevant paw 
movements and asserted stoutly that the __ 
whole manoeuvre depended on the twisting 


of the cat’s tail in the opposite direction to. 


its bodily rotation. In 1969, T.A, Kaneand 
M. P. Scher of Stanford University re- K 
opened the question with a dynamical .— 


study of the cat’s fall. “The torso of thecat- 
bends”, they contend, “but does not- 


twist”, Perhaps an experiment with a taille : 


less Manx cat would settle the issue... 
Jon Darius 
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Selected from Beyond Vision by Jon Darius of 


the Science Museum (to be published in Aprilby 


Oxford University 
courtesy of the Scien 


Press). Reproduced by 
ce Museum, London, 






i Éi 
Hi € 
“Sa: 






as. do 












Phase conjugate mirrors 


Eg : | from Malcolm Gower 


=> AFTER a decade of being a laboratory 
curiosity, the first practical applications 
_ are now materializing' of mirrors which 
-= have remarkably different properties from 
+> those used in our everyday lives. For exam- 
ple, light reflected from these mirrors, ir- 
respective of their tilt, always retraces its. 
path back to its source — sometimes with 
increased intensity. Even more remarkable 
is that transparent objects appear invisible 
when looked at in such a mirror, called a 


‘phase conjugate’ mirror. 


The secret is that the reflected wave is the 


complex conjugate of the incident wave. 


Thus as well as reversing the direction of 


light, a phase conjugate mirror also 
reverses its phase. Unlike a normal mirror, 


a diverging beam is reflected from a phase 


conjugate mirror as a converging beam 
back to its source (Fig. 1). Furthermore, if a 
‘completely transparent phase-distorting 


object, such as a bottle, is placed in front of 


the mirror, then its form, which is 
recognizable solely by the phase informa- 
tion imprinted on the transmitted wave, 
becomes reversed following reflection. As 
this reversed wave passes back through the 
bottle, regions of advanced phase are cor- 
respondingly retarded (and vice versa) so 
that the phase structure of the bottle on the 
emergent wave is lost, making the bottle 
appear invisible (Fig.2). An observer look- 
ing into such a mirror would see absolutely 
nothing. 

Because the wave emergent from the bot- 
tle is an exact replica of the incident wave, 
phase conjugate mirrors can be regarded as 
running the picture backwards in time for 
the light which falls upon them. Although 
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Mirrors that reflect time 


phase conjugation has become one of the 
most active areas of optics research in the 
past few years, many of the fundamental 
ideas are not new but go back to the 
holographic or wavefront reconstruction 
methods first discussed by Gabor’. 
However, it took several years before it was 
realized that if a hologram made by the 
superposition of a reference wave and a 
coherent wave reflected from a subject is il- 
luminated from the back by a reference 
wave in the opposite direction (conjugate) 
to the original reference wave, a single real 
image is produced which is the complex 
conjugate of the beam originally reflected 
from the subject?. With this type of 
geometry, it became possible to use 
holography to perform the phase aberra- 
tion correction type of experiment shown 
pictorially in Fig.2 (ref. 4). But because 
recording and reading of the hologram are 
quite separate and different stages of the 
process, the use of this technique in aberra- 
tion correction or image projection is 
limited. 

Only with the advent of holography in 
real time has the true potential of the 


first described by Soviet scientists, a pulsed 
ruby laser was used simultaneously to write 
and read a hologram in a cell containing a 
dye in solution (ref. 6 and Fig. 3). Because 
the refractive index of the solution is 
modified by the local light intensity, the 
pattern of refractive index within the cell 
becomes a hologram constructed (or writ- 
ten) by the interference of the reference 
wave E, and the subject wave Æ. This is 
then simultaneously read out by the 
reference wave E, to produce £, which is 
the phase-conjugate of the subject wave. 
As far as the medium is concerned, the 
counter-propagating reference waves are 
indistinguishable, so that E, and E, can 
also write a (different) hologram which is 


contribution to the phase conjugate wave 
E,. The result isa three-dimensional optical 
device (not a planar surface) which never- 


| theless returns the phase-conjugate of an | 

| incident wave. 
|- This type of real-time holography is more | 
| completely and correctly described in non- | 


linear optical terms as four-wave mixing’. 


Within this framework, when three- 


coherent optical beams are mixed together 


technique been realized. In an experiment _ 


read out by Æ, to produce an additional | 


in a medium whose refractive index changes | 
_ with light intensity, it is possible to generate | 
a fourth coherent wave whose wavelength | 
and direction depend upon the relative | 
angles of the beams. Waves £, £ and &, | 
may be regarded as inducing in the medium | 
| an electrical polarization which oscillates | 
witha frequency of w, = (@, + @, ~a). This | 
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quency uy, with a phase $, =(4, +4 -%) 
and in the direction of the wave vector k, = 
(k; + k - k). For the setup depicted in Fig. 
3, all three frequencies are chosen identica 
(degenerate) and the counter-propagating 
pump waves are conjugates of each other 
(so that k, = -k, and ¢, = - $,). Thus the 
generated wave travels in the direction k; = 
-k with a phase ¢, = ~4, and so is the con- 
jugate of Æ. | 

Although real-time holography is anal- 
ogous to this method of degenerate four- 
wave mixing (DFWM)*, the pictures are 
not completely equivalent. For example, it 
has been observed, and DFWM theory 
predicts, that it is also possible to generate 
phase conjugate reflections by scattering of 
the probe wave £, froma grating formed by 
the interaction of the pump waves with 
each other. This grating is uniform in space 
and its amplitude oscillates with a frequen- 
cy of 2w as a result of coherent oscillations 
in the excitation of the atoms or molecules 
in the medium. It has no holographic 
analogy. 






Effects such as light-induced heating: g 


saturable stimulated emission and absorp- [ 
tion, molecular orientation (or the optical 
Kerr effect), electrostriction, surface 
deformation, charge migration and photo- 
refraction all produce changes in refractive 
index with light intensity. Each of these 
mechanisms has been used to produce 
phase conjugate reflections from media as 
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m Fig.2 Schematic diagram of correction of 


phase aberration by phase conjugate 
„reflection. The phase-distribution across 
the wave-front returned from the conven- 
tional mirror (a) is the sum of two refrac- 
tions by the transparent bottle, but these > 


_ cancel out (b) after reflection from a plane 
phase conjugate mirror, 
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diverse as solids, liquids, gases, plasmas, 
aerosols and liquid crystals. For some of 
the mechanisms, lasers with continuous 
_ powers of only a few microwatts can be 
used to form the mirror, while for others 
high-powered pulsed lasers generating 





millions of watts are necessary. Conjugate | 
reflections have been observed from lasers | 
operating in the ultraviolet to the infrared. 
Furthermore, conjugate image size-| | | 
[CONJUGATE wave 


reduction can be produced by simul- 


taneously reading the hologram with a | 


Shorter wavelength than that used in 
writing it. The magnitude of the phase con- 
jugate reflectivity depends upon the 
relative intensities of the three beams as 
well as on the characteristics of the non- 
linear mechanism which couples the light 
to the medium. The possibility that power 
can be transferred from the pump waves to 
the conjugate wave means that conjugate 
mirrors can exhibit gain, and reflectivities 
as high as 10,000 per cent have been ob- 
served. 

There is, however, a much simpler 
® method of producing phase conjugate re- 

“flections. Soon after the invention of the 
laser, it was discovered that if a high- 
intensity beam is simply focused into a 
medium, various light-scattering processes 
(Brillouin, Raman and Rayleigh scattering) 
can be stimulated to produce gain in the 
backward direction (Fig. 4), and that 
backward-travelling waves can be prod- 
uced with an intensity comparable with the 
laser intensity. In 1972, Zel’dovich ef al? 
found that stimulated Brillouin back- 
scattered radiation is the phase-conjugate 
of the (aberrated) pump laser beam. 
Reflectivities for the process can approach 
100 per cent. 

To understand this phenomenon we may 





regard the Brillouin wave, E, as being | 


produced by the scattering of the pump 
wight E from noise-generated sound waves 
“which travel in the forward direction. 
Hence Æ is Doppler down-shifted in 
frequency by an amount determined by the 
speed of sound in the medium, Positive 
feedback and gain occur as more sound 
waves are created by the electrostrictive 
forces set up. by. the (forward-moving) 
pattern formed by the interference between 





6 E and E. The intricate coupling between 
the three waves leads to an exponential | 


growth-rate for the conjugate wave which 


~~ is nearly twice as great as that for all other 


Brillouin back-scattered waves. Hence the 
stimulated conjugate wave will rapidly 
establish itself and, by depleting the pump 
tensity, will further inhibit the growth of 
“other back-scattered waves. It is almost as if 
the sound waves are contoured to form a 
moving deformable mirror which exactly 
matches the pump wavefront. 
Within the constraints imposed by the 
small frequency shift of the Brillouin wave 


(1 part in 104-105), it is possible to generate | 


almost perfect phase conjugate reflections 
from. ‘solid, liquids, gases and plasmas. 
_ Although this-is the. easiest and most 









DEGENERATE FOUR-WAVE 
MIXING 


E, PUMP WAVE 
{ reference ) 


NON-LINEAR 


E= ES MEDIUM 


E PUMP WAVE 
{ reference) 


Fig.3 Phase conjugate reflection from a 
cell in which refractive index varies with 
light intensity. If E, and E, are oppositely 
directed reference waves with frequency 
identical with the incident wave E., the 
output wave £, is the complex conjugate 


(E,°) of E, (see text). 
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Fig.4 Phase conjugate reflection by 
stimulated back-scattering. 


jugate mirrors, stimulated backscattering 
from induced molecular vibrations 
(Raman), orientational (Rayleigh-wing) 
and temperature (thermal-Rayleigh) fluc- 
tuations have also been used. Because of 
their growth from noise, stimulated pro- 
cesses are a threshold effect and so usually 
require a much higher laser intensity (> 10° 
W cm?) than needed for generating 
DFWM mirrors. On the other hand, 


-stimulated Brillouin scattering does not re- 


quire uniform pump waves for good con- 


jugation, while pump beams of sufficient 
_ quality for DFWM mirrors are extremely 
_ difficult to produce for use with very high- 
_ power lasers. For these applications 


Brillouin mirrors are usually preferred. 


_ The practical applications of phase con- | 
jugate mirrors are still in their infancy. | 


Clearly they will finda use in compensating 
for optical aberrations of the type depicted 
in Fig. 2. Already they have been used to 


correct for aberrations due to imperfect. 


optical elements such as windows or lenses, 
high-power laser amplifiers and the Earth 5 


atmosphere. Figure 5 shows an arrange- 


ment in which a laser beam is projected 
through a mask pattern and a beam-splitter 
onto the mirror, so that an image of the 
mask is projected from the beam-splitter. 
This technique may be useful for photolith- 
ography as used in the production of silicon 
chips, where extremely complicated pat- 


| terns are projected with high resolution 
ver relatively large areas. Indeed, using | - 





- target to destroy it (Fig. 6). 
-sion correction in optical fibres, inform- 
ation processing and laser resonators with 
result of the discovery of phasi 


_ great revival of interest in optica 
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Fig.5 Phase conjugate image projection as 
may be used for high-resolution photo- | 
lithography. ees ee 
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ILLUMINATION see : 

Fig.6 Star wars: automatic: target 

detection and (7) destruction of externally 
illuminated targets (see text). 


ultraviolet light, Levenson has achieved a a8 
resolution of greater than 500 line pairs per 
millimetre over an area of 0.3 cm? withsuch 
a phase conjugate lenslessimage projection __ 
scheme. The automatic pointingandtrack- __ 


_ ing. of targets can-also be achieved using __ 


phase conjugate mirrors. A small gim 
from a target, illuminated by a low-power __ 


laser, is sent through a high-power ampli- 
. fier onto a phase conjugate mirror, which — 
sends the now very intense laser radiation 















back through the amplifier and onto the 


-Other applications such as mode disper- 


phase conjugate mirrors are all bei 
tigated (see, for example, ref, 1 


gation with its remarkable pri 


now taking place. 
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Far from simple kinetics 


from J. Christopher Whitehead 


‘DESPITE the apparent simplicity of the 
= exchange reaction H + >H, + H, it 
has been a formidable task to check, 
experimentally, the theoretical predictions 
of how the energy of the reaction becomes 
distributed among the possible quantum 
states of the products and the directions in 
which the products recoil. Recent develop- 
ments in laser technology have at least 
enabled two independent research groups 
to measure the energy of the very closely 
related reaction, H + D, > HD + D. 

Because it is the simplest of all possible 
chemical reactions involving neutral 
species, H + a D H has played an 

. important part in the development of the 

- theory of chemical kinetics. The theoretical 
prediction of the outcome of the reaction 

proceeded in two stages. First, the energy 
of interaction of the three hydrogen atoms 
involved in the reaction was evaluated for 
all possible geometries. As a result of the 
considerable computational problems 
involved, it was not until 1956 that a truly 

ab initio quantum mechanical calculation 

-was completed (Boys, S.F. ef al. Nature 
178, 1207) and not until 1978 that the calcu- 
lations had been refined to the point where 
they are believed to be accurate for all con- 
figurations (Siegbahn, P. & Liu, B. J. 
chem. Phys. 68, 2457). 

The second stage of the theoretical 
studies used the calculated interaction 
energies in a quantum mechanical predic- 
tion of the paths that connect the reactants 
-and the products and hence the distribution 
of the energy of the reaction among the 
possible quantum states of the products 
and the directions in which the products 
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Relative populations of HD vibrational 
and rotational quantum states from the 
reaction H + D, ~ HD + D. Data from — 
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|. suppression offers a rational explanation 


will recoil (Schatz, G. & Kupperman, A.J. 
J. chem. Phys. 65, 4668; 1976). 

That these predictions have remained 
untested until now is in part because there is 
a barrier of 0.42 eV to be overcome before 
reaction can take place and in part because 
it is difficult to generate a sufficient con- 
centration of hydrogen atoms of high 
enough energy. Moreover, H, is a difficult 
molecule to detect spectroscopically. To 
surmount those barriers, two US research 


groups have now used laser technology to 


produce fast H atoms in the presence of D, 
to study the energy of the resulting HD pro- 


duct from the reaction H + D, > HD + D. 
Both groups generated the H atoms by 
photodissociating hydrogen iodide in the 
presence of deuterium, D,, in the gas phase 
at a low pressure using the output of a high- 
power pulsed ultraviolet laser at 266 nm. 
The production of HD was measured 
within 5-100 ns after the photolysis laser 
pulse to ensure that it had no time to 
undergo any further collisions. 


The two groups employed different 


methods to detect the energy states of the 
HD product. One, led by R.N. Zare (Stan- 
ford University), used a technique in which 
the HD absorbs several photons from a 


Immunology 








tunable pulsed ultraviolet laser and 
becomes ionized; the results were reported 
at the XIIth International Conference on 
the Physics of Electronic and Atomic Col-. 
lisions, in Berlin last summer. The other, 


group, led by J.J. Valentini (Los Alamos . 


National Laboratory), used a form of 
Raman spectroscopy (Gerrity, D.P. & 
Valentini, J.J. J. chem. Phys. 19, 5202; 


1983). Both methods give information on 


the relative populations of the rotational 
and vibrational energy levels of the HD 


product. As can be seen from the figure, 


there is close agreement between the results 
of the two groups. HD is produced 
principally in its lowest vibrational level 
(v=0) with rotational distributions that 
peak at low quantum numbers. About 75 
per cent of the energy available in the 
reaction is converted into kinetic energy of 
the reaction products as they fly apart. 
The experiments represent a break- 
through in the study of chemical kinetics 
because they yield the first detailed 
information for a member of the H + H, — 





family of reactions and demonstrate the gy 


feasibility of studying such fundamentally M 
important reactions. This work will © 
undoubtedly provide the stimulus for even 
more refined theoretical studies and 
advance our understanding of the basic 
principles of chemical kinetics. z. 





J. Christopher Whitehead is in the Department 
of Chemistry, University of Manchester, 
Manchester M13 9PL. 


Rational design of vaccines 


from N.A. Mitchison 


Tue late R.K. Gershon’s major scientific 
legacy is to have demonstrated that the 
immune response, however simple it may 
look, is invariably the outcome of positive 
and negative regulatory influences 
mediated by helper and suppressor T cells. 
He showed that the key to understanding 
this balance is the experimental separation 
of the various helper and suppressor 
lymphocyte subsets, by means of 
alloantisera (such as anti-Lyt 2), mono- 
clonal antibodies (such as T4 or T8), or 


each cell type can be studied inde- 


| pendently. Nowhere is this better illus- 


trated than in the analysis of peripheral 


blood lymphocytes from patients with | 
|| leprosy, reported by Mehra and his 
rn: ee S colleagues! in this issue of Nature (p.194). 
oe. o 


Partitioning of these cells by means of T8 


+ 


for the continued progress of the disease inte 
such cases. The determinant on Mycobac-™ 
terium leprae with which the suppressor 
cells react is identified as a unique phenolic 
glycolipid. It can reasonably be assumed 
that the major infectious diseases afflicting 
the Third World, all of which are charac- 
terized by long-term interaction between 
host and parasite, involve a balance of this 
sort between regulatory lymphocytes. And 


lectins (for example, one from Vicia villosa 
| | reactive selectively with contrasuppressor 
|| cells), so that the regulatory properties of 









antibody reveals the presence, in lepro- | 
matous individuals, of a proliferative- : 
responder putatively helper T-cell popu- | 
lation which is prevented from acting by |. 
suppressor T cells. This form of | mental 






if we knew how to design molecules able 


selectively to stimulate helper cells (or other 
positively acting regulatory cells such as 
contrasuppressors), we would be much 


further on the road to rational develop- 

ment of vaccines. — 
In a forthcoming paper, E. Sercarz and Ko 

iversity of California, a 


defined. experi- 
lightly less direct 
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similarly identified suppressor deter- 
minants in the ferredoxin molecule’. 
This work should be seen in the context 
,. Of along series of studies which have identi- 
fied particular molecules or parts of 
molecules as selectively interacting with 
distinct sets of lymphocytes. It traces back 
to the pioneering work of Leskowitz* and 
Goodman? on the extraordinary selectivity 
for T cells of arsenyl conjugates. Thus 
when guinea pigs are immunized with a 
two-headed synthetic antigen which has an 
arsenyl group at one end and a dinitro- 
phenyl group at the other, the former 
attracts nearly all the T-cell response and 
the latter that of B cells’. 

: From the point of view of vaccine design, 
the interesting question that arises is why 
particular structures evoke suppression. 
There are two possible explanations: either 
there are structural features which cause a 
particular type of processing of a deter- 
minant within the immune system, or the 
receptor repertoires of T-cell subsets are 
different and therefore detect distinct 

determinants. The first possibility would 
@ be compatible with the mechanism 
preferred by Sercarz, whereby the location 
of an epitope close to an appropriate 
“agritope’ would cause selective recog- 
nition of the epitope by a particular T-cell 
subset. ‘Agritope’ is used here in the sense 
defined by R. Schwartz, as the part of an 
antigen which binds to the molecule of the 
major histocompatibility complex (MHC) 
responsible for presentation of that antigen 

(the ‘agritope’ binds to the ‘desetope’ on 

the MHC molecule, desetope being an 

acronym for determinant-selecting 
structure). 

This brings us to one of the current 
immunological controversies: selective 
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antigen-presentation versus selective T-cell 
repertoires. In this sense Sercarz belongs to 
a school of thought dominant in the USA 
which espouses determinant selection as an 
explanation for immune response genes, in 
contrast to others who espouse repertoire 


selection. Evidence is accumulating that 


both mechanisms may operate®* _ 

The most likely cause of differences 
between the receptor repertoires of helper 
and suppressor cells must surely be self- 
tolerance. After all, in the design of the 
immune system, there is an over-riding 
need for tolerance in the helper-cell 
compartment, but if anything the reverse is 
true for suppressor cells. At present we 
know next to nothing about tolerance of 


Astronomy 


Geminga — the source that i is 


not there 


from A.J. Dean 


Five papers published between pages 158 
and 166 of this issue of Nature seem to rule 
out the unpublished suggestion of P. 
Delache and his colleagues reported in 
these columns (Nature 305, 665; 1983) that 
Geminga, a rather mysterious cosmic y-ray 
source, might also be exciting oscillations 
within the Sun by means of gravitational 
radiation. That suggestion, which would 
have had profound implications for several 
areas Of astronomy, was based on a coin- 
cidence in periodicity between the 
160-minute solar oscillation and a claimed 
periodicity (now discounted by the 
Caravane collaboration*) in Geminga’s 
y-ray emission. The five refutations of the 
suggested mechanism are based on analysis 
of gravitational wave propagation and on 
the solar response to such waves, and to 
that extent speak for themselves. But, 
apart from all this polemic, what accounts 


_ for the considerable current interest in 


Geminga itself? 

Geminga is a veritable y-ray machine. 
More than 99 per cent of its power outputis 
observed in the y-ray spectral range and it 


` has the rare distinction that associated op- 








100 years ago 


THE latest official report on the conditions of 
the districts overwhelmed by the Krakatoa 
eruption states that the surviving inhabitants of 
the various villages have reassembled under 
their headmen, and are erecting their huts. The 


substances; it is abi 
volcanic ashes did little harm to the soil, the — very thick, and w: aj 


He senting a luxuriant appear- 6 0o i 






as had some of the coffee plantations, Two 
bays, Lampong and Semengka, which were 
blocked up by the fields of pumice, were free by 
the middle of December, 


ON a summer night of 1882 a woman in Högsby 


parish, in Sweden, saw a shining object fall from 
the sky, disappearing behind a stable. Search 


was made for the meteorite, according to the | 


statements of the woman, but without success. 
Last autumn it was, however, accidentally dis- 


covered near the spot indicated, and has now 


been forwarded to proper quarters in the town 
of Oskarshamn. Th ace of the meteorite 
appears as if it ha velded from various 
| f a billycock hat, 
“over 14 Ibs. 












there are repertoire differenc 


oo BOL find the result, te be: statistically signifi icant! 

















self in suppressor cells, and it is the p 
of this article to draw attention to 
in our knowledge. It should not be di 
to rectify. : 
If Sercarz is right, and structuri a 
of a general nature can be iden 
near to, suppressor epitopes, that wo 
good news for the Third Wo 
could then hope to discover 
vaccine design. But if he is’ 


reflecting chance cross-reactions 
molecules, there may be no general rul 
and that would be bad news. = e 
N.A. Mitchison is at the ICRF. Tamon 


Immunology Unit, Department. of: A 
University College, London WCIE GBT: = 


















tical, X-ray and y-ray measurements are __ 
based on comparable numbers of photons. 
Discovered 10 years ago by the SAS- 
satellite, Geminga has continued to resist 
positive identification with candidate 
counterparts at other wavelengths. Even 
now, after a series of deep surveys ina 
number of wavebands, it is impossible to 
discriminate categorically between a 
neutron star contender at 100pcanday-ray 
quasar at ~ 5,000 Mpc. Interest will bein- __ 
tensified by a recent discovery by. the 
French astrophysicist P, Durouchoux 
while guest observer of A. Jacobsononthe __ 
JPL HEAOC-1 telescope. His preliminary __ 
analysis of data obtained in 1979 and 1980 
suggests that Geminga is a powerfuland __ 
variable (over a 6-month period) emitter of of Poe 
low-energy (1 MeV) y rays. 2 
It is the poor angular resolution of con- 
temporary y-ray telescopes that creates the 
crisis of identity for Geminga. Even the 
repeated COS-B observations have been 
unable to pinpoint Geminga to a région of 
sky better than a 0.4° error circle, render- 
ing direct positional identification im 
practicable. Current efforts concentrate 
the technique by which the Crab and V 
pulsars were identified — attempts to cor- 
relate y-ray time signatures with flux vari- 
ations from accurately located counter- 
parts at other wavelengths. : 
A number of searches for Geminga’s > 
counterpart have in recent years yielded 
some exciting possibilities. After studying 
the relevant region of the sky with the ima 
ing proportional counter on the Ein ei 
satellite, G. Bignami, P. Caraveo ar 
Lamb favoured identification with 
brightest X-ray object in the field. of vi i 






























*A telex dated 16 February 1984 from L. Scarsej says” With: 
reference to the claimed detection of a 16-minute period i 

y-ray emission from the source 2CG195 +04 (G 
Caravane collaboration for the COS-B satellite 
known that, using their well tried analysis prog 









(E 0630+ 178), subsequently located to 3 
-are-s using the high-resolution imager on 


-the same telescope system. Most of the 
emitted X-ray photons have energies below | 
-1 keV with little evidence for interstellar ab- — 
- sorption, indicating that the X-ray object 


-cannot be more than 200 pe distant. A 
~ subsequent 10-hour observation with EXOSAT 
- has confirmed the soft nature of the X-ray 
~ spectrum and a search for time variability is 
© under way. A series of optical studies for 
this region of the sky has revealed a 
: 21.3-magnitude point-like object, which is 
located at the edge of the error box of the 
-Einstein satellite and which has an ap- 
parent lack of emission and absorption 

= features, reminiscent of the Crab and Vela 
pulsars. Although the corresponding posi- 
tion on the Palomar sky survey is blank, a 
search of the 1955 Palomar plates by J. 
Bloeman of the Huygen’s Observatory at 
Leiden has revealed an object, some 10 arc 

s away, which is not present in recent more 
sensitive (CCD) plates. The magnitude (Mp 
= 20-20.5) of the 1955 object is similar to 
that of the Einstein satellite’s counterpart, 
if they are the same object, a proper motion 
of 0.37 arc s yr | and a distance of 100 pc 


Astronomy 








its point-like nature and high ( ~ 1,000) 








are implied. By contrast, a series of | wi 
‘| SAO/UAO Multiple Mirror Telescope. 
‘Should this distant quasar prove to be 


astrometric observations between 
November 1982 and October 1983 by J. 


Lecacheux and co-workers has set an upper | 


limit of 0.2 arcs yr ~ on the proper motion 
of this object. 
What is this source? The combination of 


ratio of X-ray to optical luminosity rules 
out most known classes of X-ray objects, 
with the exception of low-mass binary 
systems and pulsars. The former seems un- 
likely because the measured low visual 
magnitude would place it at a distance of 
~ 250 kpc which is incompatible with the 
lack of X-ray absorption. In any case, a 
pulsar is a more attractive orthodox 
candidate because the two galactic COS-B 
sources so far identified are pulsars and 
both show excess y-ray luminosities. 

Paradoxically, radio searches of the 
error box of the COS-B satellite have pin- 
pointed a number of possible counterparts, 
none of which pulsates or coincides with 
the source identified by the Einstein 
satellite. One promising radio candidate, 
discovered using the 100-m Effelsberg tele- 
scope, has subsequently been identified 


IRAS circulars 8 and 9 


The source name consists of four parts: (1) the letters ‘TRAS’ to indicate the origin; (2) right ascension (RA) in hours and minutes and seconds; (3) 


declination (Dec) in decimal degrees, multiplied by 10 
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with the quasar 0630+ 180 by the 


Geminga, at L, 210" ergs", it would bethe 
most luminous source of high-energy 
photons known, assuming isotropic emis- 
sion. Alternatively, if it is a highly col- 
limated y-ray jet beamed towards the 
Earth, its luminosity would not be so great. 
Although there is still no solution to the 
riddle of Geminga (‘‘the source that is not 
there” in Milanese dialect), the detailed 
multi-waveband searches have demon- 
strated that it is dominated by y-ray emis- 
sion. Furthermore, whether a neutron star 
or a quasar, it is highly likely that Geminga 
offers the uncommon possibility of 
looking straightdowna cosmic y-ray beam. 
Finally, it is clear that, in the absence of 
temporal correlations across the wave- 
bands, the question of what is the counter- 
part to Geminga will 6nly be answered by 
use of a future y-ray telescope with much 
improved angular resolution. € 
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A.J. Dean is at the Department of Physics ig ’ 
University of Southampton, Southampton ®. 
SO9 SNH. 


and then truncated (i.e. + 32 deg 42.3 arc min becomes + 327); (4) an appendix starting with ‘P’ 


and followed by the number of the circular; this appendix stresses that the data are preliminary. Position is given at equinox 1950.0. The measurements 
have been made between epochs 1983.1 and 1983.4 (for circular 8, below left) and between epochs 1983.1 and 1983.7 (for circular 9, below right). 


The sources in circular 9 (below right) were selected because their flux densities have ratios compatible with those of the OH IR star discussed in a 


forthcoming paper in the Astrophysical Journal Letters (15 March 1984)by Olnon ef al. The list may contain planetary nebulae. The sometimes very 
large upper limits to the 100-um fluxes are due to high background at low galactic latitudes. Uncertain flux values are marked*. The sources were 
selected by H.I. Habing and F.M. Olnon, Sterrewacht, Leiden, Netherlands. 





















Source RA Dec Flux density (Jy) Source RA Dec Flux density (Jy) sn 
IRAS hmins degarcmin 12pm 25 um 60 pm 100 um IRAS hmins degarcmin!2ym 25pm 60um 100 ym 
0412+287P08 041225 +28 403 <04 <04 <0.4 4.3 9017+657P09 00 1707 +65 429 Z6 37 8 g o m 
04374257P08 04 36 52 +25 39.2 4.8 74 78 24 0021+623P090 002105 +6225 4S 34 14 7 
0503+316P08 05 03 06 +3 36.0 <0.3 <05 <@.5 5.4 0113+645P09 OLB +64 34.9 42 49 141 125 
05134+455P08 05.1307 +45 308 26 54 14 3.3 0244+693P00 024408  +69230 12 23 18 21 
06214495P08 06 21 04 +49 32.2 <0.3 054 4.0 9.4 1912 +172P09 19 12 46 +47 17.3 12 20 19 oe 
1725+050P08 172540 +05 04.7 17 17 3.0 2.1 19134+215P09 19 1326 +2 312 48 164 99 «5 
17304+083P08 17 30 49. +08 22.7 12 14 a5. 2 i917+199P09 191718 +19 561 4.6 75 25 <10 
1744+ 307P08 17 44 35 +30 43.3 <0.6 <03 2.0 6.1 1920-+156P09 192002 +15 36.0 64 12 6.6 <36 
1756+062P08 17 56 59 +06 17.4 <0.4 0.37 37 H i920+210P09 192005 +2105 109 2 12 <8 
1806+241P08 1806 16 +24 10.1 3.8 21 3} <l 1922+302P09 192229 +30 135 10 PN, l4 <3 
o 4806+091P08 18 06 55 +09 11.7 66 72 13 5.7 19234+164P09 19 23 26 416 27.1 0.9 8.0 17.3 <18 
8074+347P08 18 0737 +34.45.6 28 26 5.0 25 1923+167P09 192339 #16 47.5 0.9 8.7 75 <16 
g09+015P08 18 0905 +01 30.9 <0.3 0.85 8.2 21 19284+203P09 19 28 51 429-2360 37 él 18 94” 
09+270P08. 18 0931 +27 045 43 140 33 8.0 1930+141P09 193037 #14 071 3.6 63 35 13 
-1809+149P08 18 0935 +14 $8.1 0.91 2.0 16 36 1937+239P09 193728 +23 593 2 105 aI <9 
. - [812+051P08 18 1221 +05 1.9 10 1 46 <3 1938+152P00 1938437 HIS 3i 35 35 59 <3 
-- 1813+067P08 18 13 37 +06 43.7 <0.2 0.68 44 9,2 1938 +154P09 19 38 46 ae 372 6.2 7H LS 
—-48144+220P08 18 14 34 +22 05.6 <03 0.61 6.8 18 19444+228P09 19 44 O1 499 $2.0 15 30 i4 
-1823+089P08 18 23 10 +08 55.0 4.6 4.5 0.74 <2 1945+293P09 194524  +29207 16 95 640 
© 1823+218P08 182343 +21 50.4 6.6 6.5 it ei 1945+172P09 194555 +17 165 54 Li 1S 
` 1824. +012P08 18 24 37 +01 12.6 0.4 33 i1 <7 1947+240P09 194748 +2402 100 58 31 <ó 
` F825 +4078PO8 18 25 26 +07 50.4 5.6 6.9 14 <4 1952 +279P09 io $7 03 427 59.7 44 125 240 283 
 ..1826+227P08 182618 +22 421 <0.3 056 53 13 1953 +280P09 19 53 28. +28 02.8 g1 o i4 0 40 <l0 
1826+012P08 18 26 59 +01 16.6 3.2 714 12 26 19544+305P09 19 5449 #30359 70 NS 47 15 
1833+055P08 18 33 19 +05 33.3 280 380 00 32 1955 -+335P09 19 $5 54 433 33.2 43°. 42. 18 zis 
CO ¥850~796P08 18 50 18 —79 378 <02 <04 L3 3.6 2005+185P09 20 05 40 +18 34.2 t6 19 é. 3 
0 4905-750P08 190506  —73 023 7.4 7.5 20 <! 2010+308P09 2010 23 +30 539 3.1 62 102 20.1* 
1927- 746P08 19273 =74 39.4 <03 2.3 <2 2013+286P09 20 1344 +28 386 4.1 9.3 2.6 <$ 


2016+275P09 20 t6 OI 
2018+225P09 2018 i 
2326+689P09 J3 26 49 
2332+657P09 


427346 08 20 20 <3 
422 342 25 34 g0 <2 
+68 3543 26 38 49 Bh s 
465 453 13 
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Volume 1 
Topics in Nucleic Acid Structure 

Edited by Stephen Neidle 

Department of Biophysics, Kings College, London 

1981 £20.00 22 1pp ISBN 0 333 26678 1 

Contents 

introduction to the series — W Fuller & $. Neidie: Preface: 
Conformational principles of nucleic acids ~ A.M. Berman: 
Crystal structures of fragments of DNA and RNA —ALH. Sarma & 
M.H. Dhingra, The secondary structures of polynucleotide 
chains as revealed by X-ray diffraction analysis of fibers — 

S. Arnott; Transfer RNA: crystal structures — S4. Kim: The 
solution structure of transfer RNA studies by proton NMR — 
B.R. Reid: Eukaryotic chromatin — DM J. Lilley: Oligonucleotide 
and polynucleotide-cdrug complexes in the crystalline stare — 

5. Neidle; Oligonucleotide and polynucteotide-drug complexes 
in solution as investigated by NMR ~ TA, Krugh; index. 

‘This book is highly recommended as a useful introduction to 
nucleic acid structure’ W.K., Olsen. Cell 1981. 


Volume 2 

Topics in Nucleic Acid Structure — Part 2 

Edited by Stephen Neidle 

Department of Biophysics, Kings College, London 

Autumn 1982 £47.00 320pp ISBN 0 333 31555 3 

Contents 

Theoretical calculations of nucleotide and nucleic acid 
conformation — WK. Olsen: Structure. dynamics and energetics 
of a dodecamer duplex and its selectively modified analoques-in 
Solution ~ D.J, Patel et al New RNA crystal structures since 
yeast RNA (Phe) = HT Wright, Hairpin loops in supercoiled 
DNA — DMS. Liffey: X-ray crystallographic studies of nucleic 
acid binding proteins — A. McPherson; Recognition of natural 
and chemically-damaged nucleic acids by peptides proteins — 
C. Helene et ai: Helical periodicity of DNA in solution and in 
chromatin ~ D. Rhodes: index. 

This second volume in the Topics in Molecular and Structural 
Biology’ Series extends the approach given in Volume 1 to 
related areas of current interest and activity. 


Volume 3 

Molecular Aspects of Anti-Cancer Drug Action 

Edited by Stephen Neidle 

Department of Biophysics, Kings College, London 

M.J. Waring 

Department of Pharmacology, University of Cambridge 

Spring 1983 c£30.00 c320pp ISBN 0 333 31556 1 

Contents 

Anti-tumour acridines ~ WA. Denny, B.C. Baguley, B.F. Cain and 
M.J. Waring: The interactions of daunomycin and Adriamycin 
with nucleic acids — S. Neidle and MR. Sanderson; New natural, 
semisynthetic and synthetic anthracycline drugs - AR. Brown 
Mechanisms of selective cytotoxicity of Adriamycin, 
daunomycin and related anthracyclines — HS & chwartz: 
Molecular aspects of the interaction between quinoxatine 
antibiotics and nucleic acids — Md Waring and KR. Fox: 
Bleomycin ~ LA. Povirk: Action of platinum anti-tumour drugs — 
44 Roberts and MP. Pera, Jr; Molecular structure and 
antitumour of alkylating agents — DEV. Wilman and 

TA. Connors: The chemistry of DNA damage by anti-tumour 
drugs ~ J W. Lown: Biological aspects of DNA damage by cross- 
linking agents ~ K.W. Kohn: inhibitors of dihydrofolate 
reductase — 8 Roth E. Bliss and CR Beddell 






Volume 4 : 

Biomembrane Structure and Function 

Edited by Professor D. Chapman 

Royal Free Hospital, London, 

June 1983 ¢.£35.00 c.370pp ISBN 0 333 31 B69 2 

Provisional Contents: : oe E 
Calorimetric studies of model biomembranes ~ Bach; Raman JE 
and LR. studies of lipids and natural biomembranes — ae 
Makowski; Neutron studies-of model biomembranes ge 
~ Worcester: NMR studies of model and natural biomembranes | 
~ Hauser; Protein rotation and diffision using laser techniques~ = JF 
Hoffman and Restall; Protein-lipid interactions in biomembranes > JF 
~ Chapman; Theoretical considerations of two-dimensional oo JS 
surfaces, phase transactions and biomembranes — Pink: 
Bacteriorhodopsin and the mechanism of the proton pump =: Ut 
Osterholt; lon transport across biomembranes — Studies of the E 
CA?+t ATP ase of the sarcoplasmic reticulum — /nesi Z 


Volume 5 

Polysaccharides 

Edited by E.D.T. Atkins 

H.H. Wills Physics Laboratory, University of Bristol 

December 1983 c. £30.00 ¢.250pp ISBN 0 333.33371 3: 

Provisional Contents: 

The structural polysaccharides cellulose and chitin — Blackwell: 

Solution and conformational aspects of polysaccharides — 

Brant; NMR studies of polysaccharides — Casu: Electron 

microscopy and electron diffraction of polysaccharides — 

Chancy; Bacterial polysaccharides — /saac; Industrial uses of. 
polysaccharides = Marchessauit; Polysaccharide gels = a 
Smidsrod,; Connective tissue polysaccharides — Nieduszynski; = 
Molcular shapes of blood-group and cell surface ee 
polysaccharides ~ Aao, Starch and the &-linked 
polysaccharides — Sarko; Structure of polysaccharide derivates 

~ Zugenmair: Texture and morphology of plant-cell walg ~~ 
Albersheim; Polysaccharide-protein complexes Atkins. 


Volume 6 

Connective Tissue Matrix 

Edited by D.W.L. Hukins 

Department of Biophysics, University of Manchester 

Winter 1983 ¢.€30.00 c.250pp ISBN 0333 33372 1 
Provisional Contents: 
Tissue components ~ Hukins: Collagen and collagenasses < 
Weiss; Proteaglycan aggregates — Bayliss; Collagen fibril =o 
structure ~ Chapman; Theoretical aspects of collagen fibril 
structure — Woodhead-Galloway; swelling pressure and . 
collagen tension ~ Armstrong and Mow: Composite materials = 
Geronimidis and Vincent: Collagen orientation ~ Hukins. 
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Metalloproteins (Part 1) w 
Edited by P. Harrison “i. 
Winter 1983 c.£30.00 c.250pp ISBN 0 333 333748 
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Spring 1984 ISBN 0 333 33375 6 


Please send orders or requests for information to Felicity Parker, 
Product Manager, Scientific and Medical Division, The Macmillan Press Ltd., 





Houndmills, Basingstoke, Hampshire RG21 2XS, 








UK. 


) 9471903698 january 1984 








THE THIRD DIMENSION IN ORGANIC 
CHEMISTRY 


-by A. Bassindale, Department of Chemistry, The Open 
University, Milton Keynes 


This book is concerned with organic stereochemistry, OF 
chemistry in space, but it covers more than straightforward 
_ description of molecular shapes and. their relationships, In 
particular it includes a study of some common orga nic reactions 
from a stereochemical viewpoint. Thus, the title of this book is 
intended as both a description of stereochemistry and a 
metaphor for the way in which stereochemistry dominates 
modern organic chemistry. 

We strongly recommend that a molecular model kit is used in 
conjunction with this book. A suitable kit is the Orbit Molecular 
Building System, Organic and Inorganic set published by John 
Wiley. 
February 1984 
04771 90189 X 


256 pages 
£7.95 


BIOCHEMISTRY FOR THE MEDICAL 
SCIENCES 


by E.A. Newsholme, Department of Biochemistry, University of 
Oxford and A.R. Leech, Gresham's School at Holt, Norfolk 


This book is designed to provide students of the medical and 
biochemical sciences with a complete grounding in basic 
metabolic biochemistry. In addition the subject is extended by 
an explanation of how each metabolic pathway is directly 
related to physiology, pharmacology and clinical medicine. 
Emphasis is given throughout the text to how metabolic 
biochemistry is related to clinical problems encountered 
frequently in the consulting room or the ward. 
December 1983 

0471 90056 7 

0471 90058 3 


982 pages 
(cloth) £49.00 
(paper) £19.75 


INTERPRETATION OF NMR SPECTRA 
An introductory Audio-Visual Programme 


by }.D. Coyle, The Open University, EJ. Haws, K. Miller and 
K. Norton, The Polytechnic, Wolverhampton 


This is a complete audio-visual teaching/training package 
which gives practical instruction on the interpretation of NMR 
spectra, both proton and carbon-13. A brief introductory 
booklet outlines the theoretical aspects of the su bject, the slides 
are accompanied by a commentary on audiocassette tapes and 
the workbook enables students to apply the interpretation 
methods to actual examples. Real spectra are used to give 
practical emphasis to this self-paced teaching aid. 

The topics covered include chemical shift, integration of 
-signals spin-spin coupling, overlapping signals, and second- 
<order phenomena. The final section highlights the similarities 
and differences between carbon-13 spectra and proton spectra. 
= Q477 26228 5 january 1984 Package £199.00 

a. i (plas 15% VAT in the UK} 
ee Pack of 10 Workbooks £10.00 
v A Wiley-Heyden publication 
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NEW YORK: CHICHESTER 
BRISBANE : TORONTO : SINGAPORE 


ESSENTIAL CLINICAL MICROBIOLOGY 
An Introductory Text 


by EM, Cooke, Director, Division of Hospital Infection, Central 
Public Health Laboratory, London (formerly Professor of 
Clinical Microbiology, University of Leeds) and G.L. Gibson, 
Director, Public Health Laboratory, Leeds and Senior Clinical 
Lecturer, University of Leeds 





Medical students require notonly a thorough understanding of 
the basic aspects of microbiology but also an appreciation of the 
clinical significance of microorganisms and the diseases they 
produce, This book is designed to ensure that both of these 
requirements are adequately met by adopting a clinical 
emphasis throughout. 

The sections on microorganism structure and classification, and 
the descriptions of laboratory procedures, are designed for easy 
reference, enabling the student to apply the information to 
clinical situations. 
September 1983 
0471 90017 6 


286 pages 
£6.95 


QUARKS AND LEPTONS 
An Introductory Course in Modern Particle Physics 


by F. Halzen, University of Wisconsin and A.D. Martin, 
University of Durham 


This self-contained text describes breakthroughs in our 
understanding of the structure and interactions of elementary 
particles. It provides students of theoretical or experimental 
physics with the background material to grasp the significance 
of these developments. 


February 1984 
0471 88741 2 


414 pages 
£23.95 


LIFE & MEDICAL SCIENCES 
BOOK SALE 


* Over 200 Books on Special Offer 
* Savings of up to 70% 
* Extra Discounts on Quantity Orders 









Your Sale Catalogue 
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Don't miss it! 
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\y Mathematics will ir 
hysics and engi 
best can help. 7 











LiKE other university teachers, mathe- 
maticians generally prefer teaching 


Students who are specializing in their 


subject. Most of them also get considerable 
satisfaction from lecturing to physicists 
and engineers, who also show a high level 
of ability and motivation. Far fewer enjoy 
tackling one of the elementary mathe- 
matics courses that are put on for large 
groups of first-year students, most of 
whom will do no more on the subject at uni- 
versity. In the United States this is generally 
a freshman course in calculus and 
geometry; in Britain it is more likely to be 
an ancillary course for (say) biologists. 
Both are often seen as Cinderella courses, 
to be avoided where possible (perhaps even 
left for graduate assistants to teach) or else 
‘accepted as chores to be endured. 

It is not hard to see why this is so. Many 
of the students will have given up mathe- 
matics at school as soon as they could; part 
of the reason that they chose their partic- 
ular field of study may even have been that 
it allowed them to avoid mathematics. Yet 
no sooner do they arrive at university than 
they find themselves sent into a large room 
to be lectured at on the very subject they 
thought they had escaped. Many students 
do in fact learn quite a bit in these courses 
—- but it is hardly an auspicious start. 

A start must, however, be made, for the 
importance of mathematics extends far 
beyond its traditional preserve of the 
physical sciences and engineering. Mathe- 
matics is essentially the study of patterns, 
<n ernment nis 
>’. e» HO sooner do they arrive at 


university than they find themselves 
sent into a large room to be lectured 
at on the very subject they thought 


they had escaped. 
nent 
and so it has a place in any subject in which 
there are patterns to be explored — which 
means almost any subject at all, and 
certainly any subject which claims to be a 
science. | 
This has always been true in principle, 
but two factors are combining to make it a 
matter of immediate concern. First, as the 
iological and social sciences advance, 
more and more sub-disciplines are reaching 
the stage where the patterns that are being 
investigated are of such subtlety and 
complexity that they cannot be fully under- 
stood without mathematics. Corres- 
pondingly, mathematics has been making 
inroads into new fields. But the sudden 
upsurge in the availability and use of 
computers has brought about a dramatic 
`- speeding up of the process. o 


‘Bag 









___ Until recently there were many problems | really 1 


creasingly need to be taught in subjects other than 


Peter Saunders considers how mathematicians 


which could be expressed in mathematical 
terms but on which little or no progress 
could be made on account of the sheer 
complexity of the calculations. This was 
true in most subjects, but at least in the 
physical sciences there were enough 


tractable problems to keep applied mathe- | 


maticians fully occupied. Most workers in 
other fields, however, could justify 
ignoring mathematics — not because it was 
irrelevant, but because using it was too 
difficult. The computer has now made 
mathematics just easy enough to use that 
these people have lost their excuse. So it is 
even more important than it was in the past 
for mathematicians to consider carefully 
how best we can help. 

Aims. First we must understand what we 
are really trying to do. Above all, we must 
not set our sights too high. If we want to 
train mathematical biologists or mathe- 
matical economists, we will have to set up 
proper combined courses designed for the 
purpose. Naturally it would be best if all 
students could acquire some facility in 
handling mathematics, but the first aim 
must be to make sure that they have at least 
a passive knowledge of the subject. Not 
every biologist has to be able to set up a 
simple differential equation like the one 
representing the logistic growth of a popu- 
lation, but they should all understand what 
is meant by 

dx/dt = rx(1 - x/K), 

at least to the point that they can see the 
connection with the concepts of r- and 
K-selection. They may never quite be able 
to remember how to solve the equation, but 
they should know that it can be done, and 
preferably more or less how, and they 
should also know that there is an arbitrary 
constant to be chosen, and what its signi- 
ficance is. 

Even those students who will never need 
to use much mathematics themselves can 
hardly avoid having to read papers or 
books that do. In preparing them for this 
we will also give them at least a bit of the 
advantage that mathematicians have in 
that if you study the patterns themselves 
you only have to do the work once. After 
that, if the same idea turns up you are ready 
for it. I can still recall how as an under- 
graduate I kept hearing about a mysterious 
concept called marginal utility which 
seemed to baffle my friends in the social 
sciences. Had they learned even a tiny 
amount of calculus, I dare say they 
wouldn’t have found it at all hard to grasp. 

It is not always easy to convince staff in 

sof this point. Some of 
’ time spent learning 


time lost from what 






perhaps the students don’t: 





_ cosine, but to make sure that the stude 


_ Material pale by comparison with actually - _ 










department which gave as the 
withdrawing students from a 
mathematics course the fact that: 
longer necessary as they would bes 
epidemiology. I would have tho 
this made it more necessary, not 


knowing what the funny symb 
equations mean. agit a 

Subject matter, The choice of materi 
probably the easiest task. Of course, a lo S 
depends on how much the students have — 


_ already learned and how long ago this was, 





Some staff still think of time spent _ 
learning mathematics only as time — S 
lost from what really matters, ue 
and on how much time is available. But I 
think there is general agreement on the _ 
topics that ought to appear in an intro- — 
ductory course: a bit of coordinate — 
geometry, calculus up to elementary differ- 
ential equations, matrices and. deter- 
minants, and some statistics. There should _ 
also be some numerical analysis; this was 
often omitted in the past but nowadays 
students must have at least some idea of _ 
how computers do their work, and how | 
and why there can be problems about — 
accuracy or even output which is sheer | 
nonsense. en Aug 
If the whole class is from the same _ 
department or subject area, the details of 
the material can be adjusted to suit, but : 
there is less room here for manoeuvre than | 
is generally thought. This is not just a. 
matter of mathematicians being reluctant 
to allow anyone to tamper with the elegant. — 
structure of their discipline. Almost every- 
one finds it much easier to learn ideas _ : 
which flow one from the other thantocope _ 
with a mere collection of unrelated _ 
statements apparently pulled out of thin z 
air. So we must not be too readily seduced Te 
by the idea that it is desirable or even 
possible to teach only those particular bits _ 
of mathematics which are immediately _ 
relevant, or seen as such by other 
departments. I once sent around a 
questionnaire about an ancillary course] 
was teaching. One respondent urged me 
not to bother with differentiating sineand 







learned about simple harmonic “motion 
Not every case is so clear cut, but I think E 


this illustrates the point. 


Teaching: to prove or not tò prove? Any tee 
problems there may be in selecting th 





doing the teaching. This can be very 
different indeed from any other lecturing, 
the most important difference being that 
most of the class are not interested in ~ 
mathematics as such, although some of 
them will, probably much to their surprise, - 
discover that they can enjoy it. So the 
lectures have to be well paced, and long 
calculations and detailed arguments 
avoided unless absolutely necessary. There _ 








_ must also be plenty of worked examples.. 
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"What the students want is to be told what 
the result “really” means, and how it is 


used (many lectures to specialist mathe- 
-= maticians could do with a bit more of this 


ae too; it is largely a question of degree). 
This does not mean that all the proofs 
~~ should be left out. Admittedly, no one will 


mind if the results are not established with 
_. full rigour, but proofs serve other purposes 
as well. They take some of the mystery out 
of mathematics, and they can help the 


students to understand theorems by 
showing them why they are true. They are 
even useful simply as a means of slowing 
the lectures down; without them it is all too 
easy to rush through topics far too quickly. 
A proof of one result is often a straight- 
forward application of an earlier one, so 
while the class may think they are being 
shown something new the lecturer’s chief 
aim may be to reinforce something they 
have already seen. 

Of course we then have to remember why 
we are going through some of the proofs, 
and must not let a misplaced sense of duty 
prevent us from omitting any that are too 
difficult or too long. In specialist courses 
the proofs are often the whole point of the 
Jecture; here they are merely corroborative 
detail intended to give artistic verisimi- 
litude to an otherwise bald and uncon- 
vincing narrative. 

Examples. While everyone agrees that 
examples are especially important in 
courses for non-mathematicians, there can 
be a considerable difference of opinion 





The students will generally demand 
examples which are ‘‘relevant’’. . . 





when it comes to choosing them. The 
students — usually supported by the staff 
in their own departments — will generally 
demand examples which are ‘‘relevant’’, 
by which they mean drawn from their own 
fields. The lecturer, on the other hand, will 
be inclined to rely on the old war-horses 
taken mostly from physics. 

There is a real difficulty here. It is 
certainly hard to convince a class that they 
ought to learn mathematics if none of the 
illustrations have anything to do with the 
subjects they are really interested in. On the 
other hand, most of the plausible, simple 
examples do come from physics. My own 
solution has been to draw on physics when 
introducing the basic ideas — most people 
have a sufficient understanding of what is 
meant by velocity and acceleration for 
them to be used to put across the concept of 
a derivative and a second derivative — and 
then to use “‘relevant’’ examples after- 
wards for reinforcement and motivation. 

Motivation. It is hard for many students 


to see the point of any course outside their | 


chosen subject, but the problem is even 
more acute with mathematics in biology 
and the social sciences. After all, most 


< - people working in these fields seem to be 
Managing perfectly well without it, and it is 
not eras to convince students that even if | 


ossible te today, . it. is s unlikely: to 


remain so for hie next 40 years. Some of the 
staff, too, may not see the need for math- 
ematics, nor make any pretence about their 
view, although in my experience this atti- 
tude is far less common than it used to be. 
What is more likely is that a remark 
intended to reassure someone who is in real 
difficulties with mathematics may be 
passed on to the rest of the class and taken 
to mean that the subject isn’t really 
important after all. In the same way, it 
would be unwise to adopt the suggestion 
that courses in mathematics for biologists 


should be non-examinable. Obviously no 





There is a world of difference 
between being a competent user of 
some bits of mathematics and being 
able to design and teach an intro- 
ductory course on the subject. 





one would want failure in such courses to 
count too heavily, but once the students 
learn that there is no penalty for neglecting 
them, many will be all too ready to take the 
hint. 

On the positive side, the best way the 
home departments can help is by making 
sure that at least some mathematics is used 
in the first year. However realistic an 
example may be, the mere fact that it 
appears in a mathematics course makes it 
suspect; exactly the same example, worked 
into a lecture in the field from which it 
comes, is far more convincing. So for an 
ancillary course to be successful, there 
must be active cooperation between the 
mathematicians and the departments 
whose students they are teaching. Most of 
the advantages of this are obvious, but I 
have also found that it is helpful for the 
students just to know that there is real 
collaboration, and that their department is 
not merely sending them off into the 
wilderness of mathematics as some form of 
initiation rite. 

From this point of view, it might seem 
attractive for the home departments them- 
selves to teach the mathematics courses. In 
fact, very few are equipped to do this 
properly. There is a world of difference 
between being a competent user of some 
bits of mathematics and being able to 
design and teach an introductory course on 
the subject. If a department is really 
convinced that the mathematicians are 
unable or unwilling to put on something 
suitable, then they may have to consider 


doing it themselves. But if their motive is | 
mere empire building it is the students who | 


will be the losers. 


Mathematics for the thousands (if not 


quite the million). Courses in mathematics 
for non-mathematicians have traditionally 
been thought of in connection with the 
main field of study: statistics for biologists 
and social scientists, differential equations 


for engineers, nothing at all for students of | 


English literature, and so on. But 


graduates have always followed careers far | 
_pemoves . Ton: yia Bai nave: been ae 








studying, and this is likely to become even 


more common. Changing careers. during 
one’s working life may even become the 
rule rather than the exception. 

Because mathematics permeates s 
many fields, it is one part of students’ © 
training which is likely to remain useful 
throughout their working lives. Certainly 
this is true for the ever-growing proportion 
of students who will go into computing in 
one form or another, which both increases 
the importance of introductory courses 
and makes it undesirable that they should 
be tied too closely to specific needs. 

There is, however, an even more 
important corollary. What is true for 
students in those disciplines for which 
some sort of mathematics teaching has 
traditionally been provided is true for 
others as well. If anything it is more so, for 
in the past science students have usually 
expected to carry on in science. It is the 
historians and the classicists who have 
always been more likely to treat their edu- 
cation as a general preparation for 
unrelated careers. iiss 

Just as science graduates have to be abie” | 
to write understandable English, students «= 
in the humanities are also going to have to 
cope with an increasingly mathematical 
world. Universities have a duty to both 
groups. Many in the United States have 
already done something about this, an out- 
standing example being the ‘‘core curric- 
ulum” at Harvard. British universities 
have always tended to assume that 
whatever general education students 
require they will have received in the 
schools, but they may have to think again. 

Some people are pessimistic about the 
future demand for mathematics in the uni- 
versities. I do not share their view. Ata time 
when the world is becoming more and more 
mathematical, it would be totally wrong 
for the universities to react by teaching le 
mathematics. Nor is the computer 
susbstitute; on the contrary, it is a major 
factor in increasing the need for mathe- 
matics. 

Perhaps there will be fewer students 
specializing in mathematics than in the past 
(though even here I expect that the 
changing attitude in the schools will be 
reflected in a much greater number of 
qualified applicants). But there is bound to 
be more need for combined honours 
courses, for ancillary courses and for intro- 
ductory courses designed to ensure that all 
graduates are numerate as well as literate. 
So there will always be enough work for 
mathematicians to do. We may, however: 
find it necessary to adapt to changing & 
needs, and one of the changes is likely to be 
that ancillary and introductory courses are 
going to take a larger proportion of our 
teaching effort. We may find such courses 
a challenge, but we had better get used to 
them. 1 
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Textbooks: a genetic 


\, J.G.M. Shire 


TEXTBOOKS 
selection 


| Understanding Genetics, 3rd Edn. By Norman V. Rothwell. 


Oxford University Press: 1983. Pp.647. $28.95, £24.50. 

- Concepts of Genetics. By William S. Klug and Michael R. Cummings. 
Charles E. Merrill: 1983. Pp. 614. Hbk $29. 95, £25.15; pbk £10.95. 
Genetics. By George J. Brewer and Charles F. Sing. | 
Addison-Wesley: 1983. Pp.729. $28. 95, £15.95. 


Genetics. By John R.S. Fincham. 


John Wright: 1983. Pp.643. Pbk £12. 50, $32.50. 
Problems on Quantitative Genetics. By D.S. Falconer. 


Longman: 1983. Pp. 104. Pbk £3.95, $7.95. 


Theory and Problems of Genetics, 2nd Edn. 


By William D. Stansfield. 


McGraw-Hill: 1983. Pp.392. Pbk $7. 95, £5.75. 


DNA for Beginners. 


By Israel Rosenfield, Edward Ziff and Borin van Loon. 

Writers & Readers: 1983. Pp.224. Pbk $6. 95, £2.95. 

The Cartoon Guide to Genetics, By Larry Gonick and Mark Wheelis. 
Barnes & Noble/Harper & Row: 1983. Pp.215, Pbk $5.25, £3.95, 


rt 


~ INTHE late 1970s most publishers caught on’ 
g to the vigorous growth of genetics and were 





" encouraged in their plans by the relatively 


few textbooks then available. The 


consequence is that there are now a large 
number of texts, all competing for a share 
of the market. As the selection pressures 
intensify one looks increasingly for the 
books that are likely to thrive and for those 
likely to become extinct. Long-term 
success will require both adaptation to the 
current situation and flexibility to meet 
future changes in both the subject and the 
market. | 

The books under review fall into two 
phenotypic classes, four of them being 
between 32 and 36mm thick whilst the 
others are relatively slim (6-19mm). The 
first four volumes also resemble each other 
, +n weight (about 1.5kg) and in the excel- 
= mce of their paper, typography and 

illustrations. Three of them show further 
resemblances. Rothwell, Klug and 
Cummings, and Brewer and Sing all origin- 
ate in the United States and have effective, 
coloured artwork covers. All three have red 
highlighting of the text and diagrams, 
extensive glossaries and end each chapter 
with problems and selected further 
reading. Indeed their outward phenotypes 
are so similar, and so like those of existing 
texts, that it would seem that publishers 
choose the same idealized model to mimic. 
(The mimicry is unusual, being the inverse 
of aposematic, since the aim of each species 
s to maximize its predation by students.) 
Closer examination reveals real dif ferences 


between the three, however, and thus in 
their chances of attracting university-level 
students taking a course or courses in 
genetics, but not necessarily specializing in 
the subject. 








of genetics and cz 





produce sperm) and proceeds down a 
familiar route through diploid analysis and 
cytogenetics before reaching DNA and 
microbial systems. It ends with population 
genetics and evolution. Interestingly, 
quantitative genetics is integrated with 
formal diploid analysis. Throughout there 
is an emphasis on the spatial organization 
of the genetic material, from introns and 
exons to the distribution of DNA amongst 
chromosomes and between organelles. In 
all, this is an up-to-date text for genetics 
courses Organized on wholly conventional 
lines. 

Concepts of Genetics by Klug and 
Cummings also adopts a predominantly 
historical order, though meiosis precedes 
Mendelism and DNA synthesis comes 
before microbial genetics. The book ends, 
predictably, with population genetics and 
the implications of recombinant DNA. A 
characteristic of this text is a lack of 
emphasis on numerical and quantitative 
data; analysis of continuous variation is 
covered in about a page-worth of text 
scattered through the book, despite an 
interesting 18-page chapter on behaviour 


genetics. The chapters on developmental | 
| genetics and somatic cell genetics are very | 
readable and will arouse a student’s inter- 


est. They reflect the tenor of the whole 
book, in which animal examples predomi- 
nate. Similarly, passages such as “tall 
sperm fertilizing dwarf ova” (in an account 
of Mendel’s peas on p.35) will not endear 
the book to students of plant biology. 


Despite the good points I cannot 


recommend it as a text even for animal 


biologists, for zoologists need to be 

numerate just as much as other biologists. | 

g's Genetics is the most | 

bset of three books. 
; combine short case 





-Brewer and Sing’s 
interesting of the ; 
The first two chapter: 
Studies with an exp 





of the basic facts 
ommended to any- 









sixteen chapters. As a refreshing ch 
_ Mice provide the examples, and lead 


le but informative 
These chapters | 








also include an explicit justific 

adopting a ‘‘DNA-first’’ (see Natu 
702; 1981) scheme for the main bod 
book. Linkage is introduced asa 
quence of chromosomal structure, 
ceding the discussion of diploid gene 
which is not reached until the eighth c 





discussion of complementation in dip 
and the cis-trans test in microorganisms 
this is a fruitful combination since many 
students have difficulty relating these two _ 
aspects of the same basic concept. Brewer 
and Sing draw examples from- human 
genetics when possible and have a good 
section on the immune system. Surprising- 
ly, though, they hardly mention somatic — 
cell genetics or the analysis of behavioural _ 
traits. oF 
The book does have some defects. For 
example, the presentation of what happens | 
to chromatids during crossing-over. will | 
permanently confuse many undergrad- _ 
uates. On balance I feel that Brewer and — 
Sing’s brave attempt does not quite — 
succeed, though some rapid directed muta- _ 
tion could lead to a truly different and _ 
competitive textbook. ee 

The photomicrograph of mitotic pro- 
phase on the cover of Fincham’s Genetics _ 
differentiates it from the other large books. _ : 





stands out as a book which geneticists of all 
_ kinds should acquire, gee 

The slimmer books may also be divided- 
into distinct categories. Two are based on- 
| the premise that numerical problem- » 


Solving is basic to an understanding of 
genetics.. Falconer’s book is a useful 


418 









-. companion to the second edition of his 
_. Introduction to Quantitative Genetics (for 
`. review see Nature 295, 475; 1982), and 
© individual problems are cross-referenced 
_ tothe main text. He has devised a novel and 
> effective numbering system which prevents 
one seeing the solution to the following 
. problem, even accidentally or sub- 
< jiminally. He gives more space to the 
answers than to the questions, while in 


Stansfield’s Theory and Problems of 


Genetics the answers are a third of the 
length of the problems. In this second book 
each set of problems is introduced by some 
notes punctuated with definitions and 
worked examples. While Stansfield’s book 
will be a helpful source for teachers 
requiring new problems — those on DNA 
and molecular genetics being particularly 
welcome — its format will not make it 
attractive to students nor will its small type 
and poor paper. 

The last two books are competing for the 
same host: people who buy cartoon books 
in the hope of absorbing knowledge pain- 
lessly. In DNA for Beginners, Borin van 

Loon, the illustrator, evidently gained the 





upper hand, even to the extent of providing 
a self-portrait. There are some striking 
montages and most of the famous scientists 
are recognizable but the overall presenta- 
tion of the cell is overly mechanical; all the 
enzymes are variants of bulldozers or loco- 
motives. Even so, the book will raise a 
chuckle amongst molecular biologists of all 
kinds. The artwork of Gonick and 
Wheelis’s little paperback is less polished 
but the storyline flows much better. The 
models are simpler and more molecular: 
there is a charming RNA polymerase beast 
which has to work hard for its living. 
Despite a basic confusion over crossing- 
over, the book covers transmission 
genetics, genetic engineering and its social 
consequences effectively. The Cartoon 
Guide to Genetics is fun and can be recom- 
mended to people asking for a simple intro- 
duction to genetics and molecular biology. 
It can be likened to a useful weed — highly 
successful in the short term but ultimately 
ephemeral. O 





J.G.M. Shire is a Professor in the Department 
of Biology, University of Essex. 
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Molecular intrigue 


-= W.J. Brammar 








Molecular Biology: A Comprehensive 
Introduction to Prokaryotes and 
Eukaryotes. 

By David Freifelder. 

Jones & Bartlett, 20 Park Plaza, Boston, 
MA: 1983. Pp.979. $35. 

Companion workbook $8.95. 


Genes. By Benjamin Lewin. 
Wiley: 1983. Pp.715. $43.85, £27.35. 





THE exciting developments in our under- 
standing of molecular biology, together 
with the potential for biotechnological 
exploitation, have made the subject very 
popular with students and created a contin- 
ual need for predigested information in the 
form of reviews and textbooks. Well- 
written texts can make an invaluable 
contribution to the development of a 
subject through their ability to influence 
large numbers of future practitioners. The 
two new books reviewed here have the 
quality to make a significant. impact in 
molecular biology, though it is likely to be 
temporary given the pace of discovery in 
the field. 
David Freifelder’s Molecular Biology is 
E based on a course taught by the author at 
Brandeis University and attempts a broad 
coverage of molecular biology at an inter- 
mediate level. Freifelder’s philosophy is 
that ‘‘molecular biology must emphasize 
both molecules and biology and that to be 
-> molecular it must also be chemical and 
= physical’. Although this accurately 
reflects the approach taken, biologists 


oh | without an advanced training in chemistry | 
a nd physics s should not be alarmed; me : 








chemical and physical principles are unob- 
trusive and are introduced only to clarify 
the discussion of molecular phenomena. 

The first of the 22 chapters explains the 
logical and methodological approach to 
molecular biology and introduces those 
prokaryotic and eukaryotic systems that 
are the main subjects for molecular 
analysis. Freifelder’s belief in the value of 
the genetic approach alongside in vitro bio- 
chemical and physical techniques, and in 
the wisdom of choosing relatively simple 
systems with which to establish principles, 
is apparent at this early stage. 

The second chapter provides a parallel 
introduction to basic biochemical 
concepts, including metabolic pathways 
and energy metabolism, before Freifelder 
launches into the accounts of the structures 
and properties of macromolecules and the 
methods used to study them, and then con- 
sideration of nucleic acids, proteins and 
macromolecular aggregates. DNA repli- 
cation, repair and mutagenesis each have 
their own chapters, while translation 


‘merits 110 pages in two chapters on ‘The 


Information Problem’’ and ‘‘The 
Machinery of Protein Synthesis’’. Recom- 
bination, bacteriophages, plasmids, 
animal and plant viruses and the control of 


| gene expression are all treated in similar 


detail. 

Freifelder is remarkably successful in 
achieving his aims. He manages to remain 
authoritative throughout the book despite 
its wide coverage, and he has the gifted 


teacher’s ability to make the material seem | 


simple and the way ahead challenging but 


- full of promise. The clear text is augmented 
_ by many well-designed, two-tone illustra- | ` 
tions and some excellent photographs and | 


electron micrographs. The legends are- 
‘Qebationally al at variance e with the cee 


| the coming years will see a long line of new 
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but the errors are few and usually trivial. 
Molecular Biology will be an excellent 
source-book for students. I anticipate that 


editions. : 

In Genes, the latest of Benjamin Lewin’ s 
series of successful molecular genetics 
texts, the author has set himself the task of 
distilling the mass of recent information 
‘*to discern general principles and describe 
the state of the art”. This is a forbiddingly 
difficult goal in a field that is progressing so 
rapidly. But a modus operandi that allows 
him to assemble text alongside or ahead of 
the current literature and remarkable 
alacrity by the publisher have resulted in its 
complete achievement. 

Lewin contends that Genes is ‘‘simply 
about genes, recognizing what amounts to 
a new field whose extraordinary progress 
has all but overwhelmed the traditional dis- 
cipline of genetics’’. Many would interpret 
“overwhelmed” as hyperbole and readers 
of John Fincham’s excellent new textbook, 
Genetics (for review see p.117), will apprec- 


iate the validity and value of interweaving... 


the new, molecular information with the 
existing tenets of the subject to produce a 
lively and cohesive discipline still recog- 
nizable as genetics. Indeed, one of the 
strengths of Lewin’s book is the frequent 
illumination of the phenomena of classical 
genetics by molecular information. 

Lewin assumes no prior knowledge of 
molecular biology, providing clear intro- 
ductory chapters on the gene from the 
genetic and biochemical viewpoints. With 
an abrupt change of pace we are introduced 
within ten pages to restriction mapping, 
DNA sequencing, interrupted and overlap- 
ping genes. This sets the tone for the rest of 
the book, which deals in remarkable detail 
with all aspects of gene structure and 
function. Prokaryotic and eukaryotic 


systems are given equal weight, with all thes, 


major experimental systems being 
considered. The treatment is fully contem- 
porary with the 1983 literature and its 
depth is well suited to the advanced under- 
graduate student. Where conclusions 
require qualification, Lewin provides a full 
and balanced discussion of the alternative 
possibilities. Each chapter concludes witha 
short bibliography largely confined to 
review articles. 

Lewin’s style is vigorous and clear, 
providing information succinctly and 
without fuss. All the important points are 
illustrated by helpful diagrams, drawn to 
scale in several tones, while a 14-page 
glossary is provided to minimize the usua 
problem of terminology. The story of 
molecular genetics is now an intriguing one 
to tell, and in Genes Lewin relates it with 
great enthusiasm and skill. I would advise 
all students of molecular genetics to 
procure a personal copy and to assimilate 


its contents. o a 
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Basic Marine Biology 


A. A. FINCHAM 
illustrated by A. MILNE and P. STEBBING 


A large-format book, highly-illustrated with numerous line 
diagrams and striking black and white photographs, with a lively 
text which explores selected topics fundamental to marine 
biology. 

Co-published with the British Museum (Natural History) 


0521 264219 £20.00 net/$36.00 
0521 26966 0 £7.95 net/$14.95 


Diving and Marine Biology 
The Ecology of the Sublittoral 


GEORGE F. WARNER 


This attractively illustrated koume celebrates the exciting new 
world that has opened up for marine biologists since scuba diving 
established itself as a research technique. 


0521 25751 4 £22.50 net/$39.50 


Now in paperback 


The Ecology of Algae 
F. E. ROUND 


A comprehensive and stimulating survey of algal emoy and 
symbiosis which examines individual habitats, seasonal cycles of 
Dan owt energy flow, dispersion, palaeontology and water 

pollution 


0521 26906 7 £22.50 net/$39.00 


The Applied Mycology of Fusarium 
Edited by M. O. MOSS and J. E. SMITH 


This book results from a symposium held by the British 
Mycological Society and brings together papers on the many 
diverse areas of study of the genus Fusarium. 


British Mycological Symposium 7 


0521 25398 5 £32.50 net/$64.50 


The Sulphate-Reducing Bacteria 
Second Edition 
J. R. POSTGATE 


Wholly revised and enlarged from the first edition, this 
authoritative monograph extends the earlier survey of this unusual 
and little-studied group of microbes, and incorporates many new 
and exciting developments in their study. 


0521 25791 3 £20.00 net/$39.50 


Now in paperback 

A Dictionary of Ecology, Evolution 
and Systematics 

R. J. LINCOLN, G. A. BOXSHALL and P. F. CLARK 


tis a common complaint, especially among ecologists and 


systematists, that there is no comprehensive and up-to-date 

dictionary at ert available. This volume should meet their 

needs in every way... lt is an excellent blend and very well done.’ 
Biological Conservation 


0521 26902 4 £9.95 net/$19.95 


SCIENCE PUBLISHING: 


0521 27082 0 
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The Dawn of Animal Life 
M. F. GLAESSNER 
This book presents, for the first time, an overview of the eatly 


diversification of marine animal life, based on both conjecture from = — A 


the living fauna and on all the available fossil evidence. - 
Cambridge Earth Sciences Series 
0521 23507 3 


Exploration Seismology 
Volume 2: Data-processing and Interpretation 
R. E. SHERIFF and L. P, GELDART 


T he two. volumes of this textbook form the most complete atid 
systematic discussion of exploration sped available today. ` 
This second volume moves on from the theoretic 


£25.00 nev/$49.50 | 


accessible to the non-mathematician. 
0521 25064 7 


Time, Space and Things 


Second Edition 
B. K. RIDLEY 


in this book, Brian Ridley sets out to provide the noneapeclalist’: 
with a survey in simple norrmathematical terms of what physics: 
has to say about the fundamental structure of the Universe. 


From reviews of the first edition 
‘an excellent book to be recommended to every student of 
physics’ 


0521 26293 3 
0521 26920 2 


£15.00 net/$29.95 - . / 


Magnetism and Ligand-Field 
Analysis 
M. GERLOCH 


in this book a synthesis of old and new notions straddling the |. 
disciplines of pryalos and chemistry, is described, enriching out | 
understanding of tigand-field theory and paramagnetism.. = 


0527 24939 2 


Catecholamines and Behaviour 
S. T. MASON 


A detailed text which summarises the present state of Kriowledge i : 
ina fascinating area of research and examines the part thatthe 


catecholamine pathways of the brain play in the behaviour of. 
both human beings and animals. 
08271 24930 9 4 
Paperback £15.00 net/S24. 95 : 


Now in paperback 


Acceptable Risk 


BARUCH FISCHHOFF, SARAH LICHTENSTEIN, 
PAUL SLOVIC, RALPH KEENEY, 
and STEPHEN DERBY 


From a review of the hard cover edition 


. (The authors) have achieved a masterly systematization of the. cE 


many practical, methodological, and philosophical problems. 
raised by attempts to answer the question, ‘How safe is safe c= 
enough?” Nature 


0 521 27892 9 £5.95 netigs.95 





al discussion in — a 
the first to cover data-processing and interpretation in terms = == | 


American Journal of Physics ao : 


Hard covers £15.00 net/$29.95 | 
Paperback £5.95 ne/$9.95 | 


£55.00 net/$110.00 | 


Hard covers £35.00 net/$89. E 








An Introduction 
to Probability 
Theory 


Professor P. A. Moran 


. a rich treasure-house in which 
even the expert will find new ideas, 
expressed with lucidity and elegance.’ 
Professor John Kingman. 

Available for the first time in 
paperback. Clarendon Press 


Qk 


Lu 


Y 0 19 853242 3, £12.50, 542pp., 1983 
j Mathematics 
Y for the Biological 
Y Sciences 

J. C. Newby 


A textbook written especially for those 
biological science students who are at 
an ‘O’ level or pre-calculus starting 
point. 

Throughout the text mathematics is 
applied to the biological sciences and 
numerous exercises appear at the end 
of each section. Clarendon Press 


O 19 859624 3, £8.95, 320pp., 1 
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Matrix and Finite 
Element 
Displacement 
Analysis of 


Structures 
D. J. Dawe 


A senior undergraduate and 
postgraduate textbook for students of 
solid and structural mechanics. 
Proceeding at a moderate pace from 
simple introductory material suitable for 
the newcomer to advanced level, this is 
the only book to deal with both matrix 
analysis of skeletal structures, and finite 
element analysis of continua. 
fy 019 856211 X, Cloth, £35, 1984 

tify, 019 853213 6, Paper, £14.95 | 











Lectures on the 
Electrical 
Properties of 


Materials, 
Third Edition 


L. Solymar, and D. Walsh 


An established textbook for engineering 
and physics students, stressing the 
fundamental ideas relevant to the 
understanding of the electrical 
properties of materials. The third edition 
has been revised, and includes fully up- 
to-date treatment of such topics as 
semiconductor devices and lasers. 


0 19 851163 9, Cloth, £20 
Q 19 851162 0, Paper, £8.95 
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a ion beam milling. 
0 19 851855 2, Cloth, £ 
0 19 851863 3, Paper, £6. 
160pp., 1983 





Physical 
Chemistry 


Second Edition 


P, W. Atkins 


“Comparisons between corresponding 
sections of the two editions reveal 
numerous small changes, supporting the 
view that all sections of the book have 
been reconsidered... an excellent 
textbook which has become even 
beter.” Nature, 

0 79 855150 9, Cloth, £27.50 

O19 855151 7, Paper, £11.95 
1018pp., 1982 (Distributed in the USA 
by W. H. Freeman) 





Solutions Manual 
for Physical Chemistry, 


oF Edition 
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Environmental Blood Relations 
Blood Groups and Anthropology 


Insight into Geology A. E Mourant 


Text and Readings 


7 A well-known geneticist explains the 
Management Ronald W. Tank blood groups system in terms that can 
P. Lawrence, and R. Lee 0 19 503288 8, Paper, £9.95, illustrated, be readily understood by students. 


576pp., 1983 0 19 857580 7, £15, 160pp., 1983 


Human Approach 
Third edition 


A new textbook on the realities of 
modern management, written 
Particularly for those science students 
who study management as a part of 
their course. The authors introduce and 





analyse for the student the real business Neurology l. W. Sherman and V. G. Sherman 
F gd of the 1980s. This revised edition is intended for 
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Plantation Forestry 
in the Tropics 


Julian Evans 


‘A well-written and most timely 
publication . . . should be made 
available to all students of tropical 
forestry.’ Experimental Agriculture 

O 19 859489 5, New in paperback, £12, 
illustrated, 490pp., 1984 
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| Edited by B. D. Hames and S. J. Higgins 
| This book covers all the main prokaryotic and 


| eukaryotic systems used in transcription and translation with 


detailed step-by-step instructions on preparation and 
V ouse: 


| Contents 
Introduction: J.B. Gurdon ® Expression of exogenous DNA in 
` mammalian cells D.A. Spandidos and N.M. Wilkie 
è Expression of exogenous DNA in Xenopus oocytes 
| A. Colman è Transcription of eukaryotic genes in a 
whole-cell extract J.L. Manley ¢ Transcription of RNA in 
isolated nuclei W.F. Marzluff and R.C.C. Huang 
e Transcription of chromatin R.S. Gilmour @ In vivo gene 
expression systems in prokaryotes N.G. Stoker, J.M. Pratt 
and LB. Holland + Coupled transcription-translation in 
| prokaryotic cell-free systems J.M. Pratt @ Purification of 
eukaryotic messenger RNA M.J. Clemens *® Translation of 
eukaryotic messenger RNA in cell-free extracts M.J. Clemens 
e Translation of eukaryotic messenger RNA in Xenopus 
oocytes A. Colman. 


March 1984; 360pp; 0 904147 52 5 (soft); £12.00/0S$24.00. 
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This revised and completely updated edition presents _ I. 
a thorough introduction to the range of techniques and | 


instrumentation available in centrifugation. 
Contents 


The theory and practice of centrifugation D. Rickwood 

® Choice of conditions for density-gradient centrifugation 
B.D. Hames ® Centrifugal methods for characterising 
macromolecules and their interactions D. Rickwood and 
J.A.A. Chambers @ Measurements of sedimentation coefficients 
and computer simulation of rate-zonal separations B.D. Young 
è Isolation of subcellular organelles and membranes J. Graham 
è Centrifugal separations of mammalian cells A. Brouwer, 
RJ. Berelds and D. Knook ¢ Separations in zonal rotors 

J. Graham © Analytical ultracentrifugation R. Eason. 


April 1984; 250pp; 0 904147 55 X (soft); £10,00/05$20.00 
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Genetics and ethics 


Ben Carritt 








Human Genetics. By Daniel L. Hartl. 
Harper & Row: 1983. Pp.605. 
$33.95, £10.50. 


Human Genetics. By John B. Jenkins. 
Benjamin-Cummings: 1983. 
Pp.461. $22.95, £22.05. 
EE ee Se ea 
How many geneticists would select Man as 
the material to illustrate the principles of 
their subject? Many teachers, I would 
guess, whilst recognizing the enormous 
public and clinical interest in human 
genetics, would prefer to treat the subject 
as a subsidiary option, available only to 
those who had first mastered the funda- 
mental concepts as exemplified by more 
lowly organisms. Neither of the authors of 
these two books would agree with that 
view. Thus Hartl: “Human genetics fis] an 
ideal theme for teaching virtually all 
. aspects of genetics’’, 
7 Both books, therefore, have the difficult 
task of guiding the student from almost 
(Hartl) or literally (Jenkins) no knowledge 
of genetics, biology or chemistry towards 
an understanding of the complexities of 
modern human genetics. Each takes a 
different route, and neither seems illogical 
as presented by its author. Hartl starts with 
the cell, leading through mitosis, chromo- 
somes and meiosis to Mendel’s laws, before 
tackling gene structure and function, and 
population, evolutionary and quantitative 
genetics. The introductory chapters are 
clearly written, especially that dealing with 
recessive inheritance, except for the 





TEXTBOOKS 


unhelpful details on cell fusion. Hartl’s 
account of chromosome abnormalities is 
particularly well presented (although I 
could not make out what “Y chromosome 
monosomy” is), and here, as elsewhere, 
there are pertinent and interesting case 
examples. The chapter on immunity and 


blood groups is also good reading, but that 
dealing with the regulation of gene expres- 


sion I found confusing and mostly irre- 


-levant to human genetics. Likewise, the 
rather sketchy chapter on viruses. 


Jenkins’s book is pitched at a somewhat 
lower level, being aimed at the general 
student with ‘no. knowledge of college 
level biology or chemistry”. Human 
genetics, says Jenkins, although ‘‘fun’’, is 
“‘subject to misinterpretation and abuse. 
When people cite genetics in support of 
social ideas we must be quite sure that they 
know what they are talking about. . .’’. 
The avuncular voice and liberal sentiment 
are used to good effect throughout the 
book; and while Jenkins’s direct and 
informal style may not find favour in the 
more austere European establishments, it 
is one that his younger readers no doubt 
take for granted. However, the tabloid 
prose to be found in some of the boxed 
sections designed to “highlight a variety of 
subjects” was often too much for me. 

Both authors invite us frequently to 
form opinions on the wider implications of 
advances in human genetics and, indeed, 
provide discussion points on ethical points 
in their set problems at the close of each 
chapter. Hartl is: generally content to pose 
the moral question without Offering his 
own solution, beyond the reference to liter- 
ary, Biblical or Chinese texts. I did not find 
these especially illuminating. Jenkins, on 
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_ Fine fare 
“Richard Batchelor 


Immunogenetics. 

By Marek B. Zaleski, Stanislaw 
Dubiski, Edward G. Niles and 
Roger K. Cunningham. 

Pitman: 1983. Pp.514. £18.75, $34.95. 











AT A recent immunogenetics meeting 
attended by people from a number of 
different disciplines, strong criticisms were 
heard to the effect that the molecular 
geneticists were only talking to each other. 
Although there may have been a germ of 
“truth in the complaint, a stroll to the book- 
shop would have been more productive 
than berating the geneticists. A few hours 
spent reading Immunogenetics would have 
provided the necessary background for 
dialogue. 

Dr Zaleski and his colleagues take the 










reader easily through the basic principles of . 


genetics, including a remarkably clear and 
up-to-date account of the molecular side of 
the subject, before turning to the main 
dishes on their menu. These include 











authors have achie 


| Richard Batchelor is Pr 


immunoglobulins, blood groups, major 
histocompatibility systems, and cell 
surface alloantigens of nucleated cells. 
Structure and function are covered as well 
as genetics. The expositions of the different 
topics are clear and accurate, the illustra- 
tions and tables both thoughtful and 
useful. But what I particularly enjoyed 
were the well-informed, historical intro- 
ductions; graduate students preparing the 
outlines of their theses should find these 
very useful. 

The authors are well aware of the diffi- 


culties of writing about rapidly advancing 
subjects, and of course they have chosen a 


hornets nest in this respect. For example, 
within the last couple of months a full 


molecular map of the HLA region comple- — 
ment genes has been published, and this — 
| makes the relevant section of the book 
appear inadequate. Nevertheless such 
problems are inherent in the writing of text- 
books. We should be grateful that in 
Immunogenetics Marek Zaleski and his co- 


vedsomuch, O 





ofi essor of Immunology 
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the other hand, is more forthr 
rarely fails to guide us on these matte 
humanistic way. pony 
Human genetics emerged from 
“backwater” (Hartl) largely as a resu 
the twin technologies of somatic 
genetics and recombinant DNA. The d 
culty of doing meaningful genetic studi 
Man using traditional approa 
together with the pressing nature 
ignorance in many important areas, were 
catalytic factors in the development of 
these two techniques. And yet, the treat- 
ment of each is scant and occasionally — 
incorrect in both books. Indeed, Hart] 
seems unconvinced about the ultimate — 
usefulness or desirability of recombinant — 
DNA research, surely a somewhat idiosyn- 
cratic stance. e EE 
Both books are well produced, with — 
many helpful illustrations. In both, key — 
words are highlighted in bold type, andin | 
Hartl important sentences are also picked _ 
out in italics. Both also provide a summary | 
at the end of each chapter and aglossaryat 
the end of the book. I cannot see the point 
of this, as it is surely the purpose of the | 
book to make such lists of definitions _ 





‘unnecessary. In any event, definitions such _ 


as that for DNA as ‘‘the chemical basis of 
heredity”’ as found in Jenkins’s glossary are 
not particularly enlightening. l Ge 
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J tecombination: tale 
and technique — 
1 Barry Holland 


‘Recombinant DNA: A Short Course. 
By James D. Watson, John Tooze 
~ and David T. Kurtz. 

W. H. Freeman: 1983. Pp.260. 
Hbk $27.95, £25.95; pbk $17.95, 
£15.50. 

Recombinant DNA Techniques: 
An Introduction. 

By Raymond L. Rodriguez and 
Robert C. Tait. 

Addison-Wesley: 1983. Pp.236. 
Pbk $21.95, £16.95. 
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In Recombinant DNA, James Watson and 
his co-authors have come up with a 
delightful book, not only to read but to 
look at since it is brilliantly illustrated in the 
Scientific American mould. The major 
developments in the story of molecular 
biology are succinctly put in their historical 
- context, clearly and with no frills, leaving 
the reader free to pursue the underlying 
evidence from the reading lists provided. 

Importantly, coverage is well up to date, 
the book including most of what the 
general biologist and first-year 
undergraduate would want to know about 
the principles of the recombinant DNA 
approach to research. How this approach 
is paying off is exemplified by accounts of 
antibody formation, transposable 
elements in pro- and eukaryotes, tumour 
viruses and the basis of cancer and other 
human diseases. The authors then move 
more specifically into the exploitation of 
recombinant DNA technology for appli- 
cation in biotechnology. This material is 
again presented incisively and with great 
polish, but almost exclusively in terms of 
© cloning, manipulating and re-implanting 
mammalian genes. 

In the final chapter on specific industrial 
applications, the scope is even more 
exclusive, being restricted to the 


. production of viral and human proteins by 
< Escherichia coli, This limits the value of the 


| book to someextent, since clearly this is but 
- the tip of the iceberg of the potential of the 
techniques and genetic systems so €x- 

_ quisitely portrayed in the earlier chapters. 
This chapter is also marred by the 


misconception that E.coli secretes proteins 


into the medium as a matter of course — 
while biotechnologists might wish that this 


were the case, the molecular biologist still | 


~~ finds it a challenging problem that only 
> very rare proteins have the ingenuity to 
` negotiate the double membrane of E. coli. 
_ But, in all, this is a captivating book which 


-. should (and will) be read by a far wider 
< range of people than undergraduate | 


`: Despite the similarity of the titles, 
Rodriguez and Tait’s Recombinant DNA 









it, the authors have set out to provide 
guidance in basic techniques for advanced- 
undergraduates, post-graduates and others | 


just beginning to get to grips with 


| recombinant DNA technology. 


Techniques in modern molecular 
biology are dangerously addictive, often 
more fascinating than some of the 
questions they are designed to illuminate. 
Moreover a laboratory may have just one 


method, refined to perfection, which | 


stubbornly refuses to work in your own 
laboratory. Whole careers may be felt to 


- depend upon the acquisition of the latest 


plasmid mini-prep procedure, sequencing 
short cut, cloning protocol or gene 
expression system — hence the enthusiasm 
to acquire manuals of techniques on the 
one hand and to write them on the other. 
Herein lies the rub! How does one present a 
topic, inherently boring when read, ina 
form and style which will engender 
sufficient comprehension to convince the 
inquisitive practitioner to sample the 
procedures? 

Rodriguez and Tait’s book consists of a 
series of lengthy discussions of some very 
basic cloning procedures — isolation and 
ligation of DNA, bacterial transformation 
and gel electrophoresis, for example — 
punctuated by exercises based upon the 


Not too many cooks 
John G. Edwards 


Cell Biology: Structure, Biochemistry, 
and Function, 2nd Edn. 

By Phillip Sheeler and Donald E. 
Bianchi, 

Wiley: 1983. Pp.668. £13.95, $19.60. 

Cell Biology, 3rd Edn. 

By John W. Kimball. 

Addison-Wesley: 1983. Pp. 330. 
$25.95, £22.05. 

Cells, 2nd Edn. By Michael W. Berns. 

Saunders: 1983. Pp.256. 
Pbk $15.95, £7.95. 

Laboratory Investigations in Cell 
Biology. 

By Allyn A. Bregman. 

Wiley: 1983. Pp.253. 
Pbk £13.95, 319.50. 


h arn anaa 





For several years Cell Biology has been a 


fashionable label for textbooks which- 
place an outline of biochemistry in juxta- | 
position with or (if you were lucky) in the | 


context of cell structure. Very variable is 


the extent to which authors have really 


shifted cells to centre stage by telling us 
about the sorts of things they do. My sus- 
picion, reinforced by reading the three new 
editions reviewed here, is that the range and 
rate of change of such material is too great, 


however heroic the attempt, for packaging | 


by one or even two authors. 


So the main development to consider | 
since the previous editions of the three texts. 


irely different book. In | is not so much the advance of test-tube 
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cloning and characterization of E. coli 
genes in general and the histidine and 
arabinose operons in particular. The 
approach is descriptive and requires close 


attention on the part of the reader to follow 


the dense narrative style through to the 
practical diversions. Accessibility is not 
helped by the closely lined format of the 
text. 

The exercises themselves are more 
clearly laid out in recipe style, but a 
drawback is that there is a tendency to 
assume that many of the experiments will 
be approached sequentially; there is little 
discussion of trouble-shooting or com- 
parative evaluation of different tech- 
niques. There are useful lists of restriction 
and DNA modifying. enzymes, plasmids 
with maps and. sequences. and bald 
protocols on DNA technologies (several of 
which are culled directly from earlier 
publications). Nevertheless this aspect 
(which takes one-third of the text) is the 
best feature of a book which otherwise 
suffers from a very specialist appeal 


and an apparent desire to be read rather. y 


than used. n 
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L Barry Holland is Professor of Genetics at the 
University of Leicester and Acting Director of 
the Leicester Biocentre. 


genetics, which each has set out to 
accommodate, but the arrival on the scene 
of the six-author Molecular Biology of the 
Cell by Bruce Alberts et al. (Garland, 1983; 
for review see Nature 302, 637; 1983). This 
book has shown for the first time the full 
potential of cell-centred biological 
education. 

The view downwards, from cells through 
organelles (impressively handled) to mole- 
cules, is dominant in Sheeler and Bianchi. 








The book has very good diagrams, a useful <g» 


chapter on research tools (especially radio- 
isotopes and cell-fractionation) and a 
newly added chapter on molecular gene- 
tics. The problem of range of material 
naturally shows most in the handling of 
grey areas. The authors occasionally slip 
into representing hypothesis as fact; no 
hint here that the microtrabecular lattice is 
controversial, that the tilting of myosin on 
actin is still model rather than measure- 
ment, or that contact inhibition is probably 
not what it seems. , 

Kimball’s niche is distinctly different, 
the book consisting chiefly of the sections 
on biochemistry and genetics taken from a 
larger work (Biology, Sth Edn, for revie 
see p.128). I imagine there may be many 
first-year students who would enjoy the 
engagingly direct, almost conversational 
text. Some of the illustrations (of an Ames 
test, a sequencing gel, a DNA clone) score 
hits, and this seems a good place to meet the 
immune system. The superb cover illustra- 


tion of cytoskeletal filaments is rather 
misleading, however, because this area is 
thinly covered (organelles as such occupy 


only 20 pages), and there is no account of 
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the methods or the microscope which made 
that image possible. Treatment of macro- 
molecules is also weak. For example, the 
account of protein. structure seems to sug- 
gest that the distrib ution of hydrophilic 
versus hydropho residues accommo- 
dates well with onformation, rather 
than helps to engender it. Glycosylated 
membrane proteins are represented as 
exclusively extrinsic. 

Berns’s (smaller) book is best where his 
own technical interests enliven descriptions 
of methods of study of cells. Overall, 
however, uneveness of authority is a 
serious problem. For example, the new 
account of cell-cell junctions is unfor- 
givably confused about the function of 
tight junctions. Actin bundles simply are 
not found ‘‘along the leading edge” of 
migrating tissue-culture cells. In view of the 
author’s background, the discussion of 
membrane fluidity is surprisingly weak 
too. Rather giving the game away is the 
statement that the great interest of viruses 
to biologists is their involvement in disease 
and use in genetic engineering. 

T  Ipromised myself I would actually buy 
"the first textbook of cell biology which in 
discussing cellular differentiation gave 
proper prominence to clonal inheritance. 
Besides a whiff in Kimball’s discussion of 
the immune system, you have to go to the 
committee volume for that, as you do fora 
satisfactory balance between what cells can 
do and the bits and pieces inside which 
make it all possible. 

In that it deals only with experimental 
work, Bregman’s book stands apart from 
the other three. His manual shows how he 
has been able to make a variety of bio- 
logical phenomena accessible to students 
limited to three-hour spells in the 
laboratory. The experiments range from 
the run-of-the-mill to some such as flag- 

: ellar regeneration in Chlamydomonas and 












@® DNA replication in leukocytes (using 


Hoechst 33258 without a fluorescence 


microscope) which are more of a surprise - 


and therefore especially welcome. Between 
Clearly written background introductions, 
and detailed inventories of requirements, 
lie experimental procedures that certainly 
appear to be robust enough to work after 
transplantation from the author’s own 
teaching-laboratory. 

To judge by the inclusion of data-report 
pages and printed graph paper, the pub- 
lishers clearly hope the manual will be 
bought as a bench book for use by 
individual students. I suspect that most 
"teachers with the resources (such as micro- 
scopes and spectrophotometers) to mount 
these experiments probably assemble their 
own laboratory courses by picking and 
choosing. Many will want students to start 
to handle radioisotopes and to grow cells 
other than leukocytes. I am afraid they will 
go to Bregman just for his best ideas. CI 





John Edwards is a Senior Lecturer in the 
Department 
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Beyond Fawcett 
R.P. Gould 


Histology: Cell and Tissue Biology, 
5th Edn. 

Edited by Leon Weiss. 

Macmillan Press, London/Elsevier, 
New York: 1983. Pp. 1,219. 
£30, 349.50. 

Cells and Tissues: An Introduction to 
Histology and Cell Biology. 

By Andrew W. Rogers. 

Academic: 1983. Pp.242, Pbk £12. 50, 
$23. 

Multiple Choice Questions in Histology. 

By Raymond Coleman. 

Pitman, London/Urban & 
Schwarzenberg, Baltimore: 1983. 
Pp. 285. Pbk £5.95, $10.50. 





HISTOLOGY textbooks come in all sorts of 
sizes and formats and a matching range of 
prices. Two of the books under review 
represent the upper and middle parts of the 
choice of texts currently available to 
students. The third is rather different, 
being a compendium of multiple choice 
questions on histology. 

Histology: Cell and Tissue Biology, 
edited by Leon Weiss, is the fifth edition of 
a book first published in 1966 under the 
editorship of Roy Greep. It is one of the 
three great books on histology written in 
English — the others are Ham’s Histology 
and Fawcett and Bloom’s Textbook. of 
Histology — and is found in most uni- 
versity libraries and departments of 
anatomy. Fawcett and Bloom (the tenth 
edition of the original Maximow and 
Bloom) appeared in 1975 and was the work 
of Don Fawcett. It is still a splendid book, 
well written, accurate and beautifully 
illustrated; it shows all the hallmarks of its 


author’s approach to the subject, being | 


scholarly, meticulous, balanced and 
revealing Fawcett’s marvellous apprec- 
iation of the visual appeal of the subject. It 
is perhaps not surprising that at least five of 


the contributors to Weiss’s volume were at | 


some time working in the Department of 
Anatomy at Harvard when Fawcett was 
chairman there. 

Fawcett’s book exhibits an engaging uni- 
f ormity of style expected of a single author. 
However, it does not contain that relation 
of function to form so essential ina modern 





Textbook supplement — prices 


Where possible both dollar prices pertaining in 
the United States and sterling prices for the 
United Kingdom are given in the bibliographical 
details for each book. Export prices will 
generally be higher. If a dollar or sterling price is 
not cited, the book is not available in one of the 
two countries. However readers should check 
both price and avanapitty of books before 
ordering. 


An index to all. of the books reviewed in this | 


issue appears on pp. 143- ~144. 
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-attempt was made to avoid the 
|. systematic approach to the subjec $ 


‘particular, the fairly full explanatory 
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histology text. This is only to be 
The exponential growth during the 
years of our knowledge of cells, 
organs makes it an almost impossibl 
fora single author, except in a patchy v 
to cover in an advanced text the whol 
functional histology. As in many i 
areas of the biosciences, ne Ansi 
multi-author book. E 
The new edition of Weiss is is m 
justification of this. approach E 
chapter has been written by an expert ar 
in essence a ‘‘minomonograph’’ on. 
subject under consideration. Weiss has not 
imposed uniformity on the structure of : 
each chapter, particularly those dealing — 
with the organs, so the emphasis placed on 
the functional aspects varies considerably, _ 
ranging from molecular biology to physio- _ 
logy. Many new topics have been intro- 
duced — for example the enteroendocrine _ 
system — with the recognition of their 
importance in our understanding of the © 
pathology of those systems. The. illus- ; 
trations, particularly the electron micrò- 
graphs, are on the whole first-class, but 
here and there some of the older figures of 
human material no longer match up to the 
standard of the rest. In all, however, he 
new Weiss is a splendid achievement. 
As its subtitle declares, Andrew Rogers’ s 
Cells and Tissues is an introduction to _ 
histology and cell biology. In the first half — 
of the book the author covers structure, — 
with useful emphasis on how to look at and 
interpret the architecture of a conven- 
tionally stained histological section. In the. 
second half, Rogers then pursues a number | 
of general questions about the histology of _ 
the body — how the tubes of the body are — 
constructed and how the different parts of 
the body communicate with each other, for _ 
example. Here the author ranges over the © 
whole body; thus, all the tubes from the | 
different organ systems are compared and 
in the second chapter of this sectionthereis | 
a mixture of information about both the — 
nervous and the hormonal systems. The _ 
final chapter deals with the interpretation S 
of abnormal structure. l AE 
One gets the feeling that the book is 
based on a course of lectures in which ar 









brave try, but does not, I feel, ‘quite co 
off. 

Raymond Coleman’s book. of MCQs 
histology will prove to be a valuable source 
of such questions for tests and examin- 
ations using this form of assessment. In 












to the answers given will undoubtedly he 
the examinee. One can only hi 
however, that this relatively e 
way of testing a student’s know 
not completely replace either € 
questions or the examination oft rea 
logical specimens down a microscope. 










R.P. Gould is Reader in Hist 
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biochemistry... _ 
E.D. Saggerson 


Principles of Biochemistry, 7th Edn, 

- in two volumes. 

By Emil L. Smith, Robert L. Hill, 

I. Robert Lehman, Robert J. 
Lefkowitz, Philip Handler and 
Abraham White. 

McGraw-Hill: 1983. General Aspects 
pp.886. Hbk $36, £29.95; pbk £10.95. 
Mammalian Biochemistry pp. 759. 
Hbk $42, £34.95; pbk £10.95, 

Biochemistry. 

Senior author Geoffrey Zubay. 

Addison-Wesley: 1983. Pp. 1,268. 
$39.95, £18.75. 

Biochemistry, 2nd Edn. 

By Frank B. Armstrong. 

Oxford University Press: 1983. Pp. 653. 
Hbk $27.95, £24.50; pbk £9.95. 
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THosE who were familiar with the sixth 
edition of Principles of Biochemistry will 
recognize many of the figures in this new 
‘edition, and also certain features such as 
the sectionalization. They will, however, 
find that much else has changed. 

The seventh edition comprises two 
distinct but related volumes (General 
Aspects and Mammalian Biochemistry) 
and the format has been improved 
enormously. In General Aspects red has 
been adopted as a second colour for use in 
figures and headings so that the overall 
impression is of a book which is now more 
like those of Lehninger and Stryer. All 
sections show signs of considerable 
reworking, updating and expansion being 
most evident in the accounts of hormone 
receptors and hormone action, molecular 
genetics and biochemistry of the immune 
system. The metabolism section which was 
really rather dull in the previous edition is 
now presented in far more attractive way. 

Principles of Biochemistry remains the 
Rolls Royce of biochemistry textbooks — 
both in terms of price and overall scope. 
Containing approximately 25% more 
material than its predecessor, this new 
edition is a formidable collection of bio- 
_ chemical knowledge with its primary 
- emphasis still being on mammalian bio- 


chemistry. A general student might be | 


satisfied with just General Aspects 
(structures of biomolecules, enzymes, 
metabolism, molecular genetics) but 
students in the medical sciences | aid 
obviously have to progress on to 
_ Mammalian Biochemistry (body fluids, 
-endocrine system, specialized tissues such 


nutrition). Indexing of the books is 













excellent (taken together the two volumes 
have 120 pages of index). Referencing, too, | 
is good, each chapter being followed by 
lists of books and reviews (up to 1982), 


ne though u 


Interpretations of 


‘than human biochemistry. Indeed the very 


uscle, eye, gut and human | 


ately there is considerable | 






cross-referencing between the two volumes 
which could be annoying for a reader who 
has only one of them. 

Any newcomer to the jostling throng of 
general biochemistry textbooks is likely to 
go unnoticed unless it really has something 
extra to offer. While Zubay’s Biochemistry 
is an adequate general book covering the 
subject at a level similar to Stryer or 
Lehninger, I am not convinced that it will 
make a major impact. The 32 chapters are 
written by 26 different contributors, which 
leads one to hope that the book would be 
really up to date; so it is disappointing to 
find that none of the rather few selected 
texts listed at the end of each chapter is 
more recent than 1981. 

On the merit side, Biochemistry contains 
some excellent figures — in black and red 
colouring — particularly in the sections on 
protein structure. There is also a fascin- 
ating final chapter on the origins of life. On 
the other hand, although metabolism is 
adequately covered there is little attempt to 
integrate it or to tackle the control of meta- 
bolism. Reading the section on the control 
of glycogen metabolism one would have 
thought that nothing had happened in this 
complex and active field since about 1970 
— compare this with the up-to-date and 


.,. and of its human 
alternatives 
Thomas A. Scott 


Human Biochemistry. 

By Wilhelm R. Frisell. 

Macmillan, New York/Collier 
Macmillan, London: 1983. Pp.845. 
$37.50, £31.75. 


Essentials of Human Biochemistry. 

By C.R. Paterson. 

Pitman, London/Urban & 
Schwarzenberg, Baltimore: 1983. 
Pp.275. Pbk £8.95, $15.50. 

Biochemistry for the Medical 
Sciences. 

By E.A. Newsholme and A.R. Leech. 
Wiley: 1984. Pp.951. Hbk £49, $99; 
pbk £19.75, $39.95. 


s anean Cette 


THE boundaries of disciplines within the 
life sciences are determined to a large extent 
by the judgement (or caprice) of individual 
authors and designers of courses. No 
subject demonstrates this more vividly 


inability to agree on a name (physiological 
chemistry, medical biochemistry and 
molecular physiology are just a few alter- 
natives) suggests a crisis of identity. Thus, 
Dr Frisell prefers to base himself uncom- 


promisingly in pure biochemistry with | 


occasional excursions of physiological rele- 
vance, whereas the other authors attempt a 
total integration of medicine and meta- 
bolism. 





- Human Biochemistry by Frisell is a large | 





complex presentation in Principles of Bio- 
chemistry. Other examples of where more 


attention was needed are the very scant des- 


criptions of biologically important pro- 
teins such as collagen or the immuno- — 
globulins. | 

The second edition of Biochemistry by 
Armstrong is a reworking of the book of 
the same title by Armstrong and Bennett 
which appeared in 1979. In a previous 
review (Nature 283, 902; 1980) I wrote of 
this book that ‘‘the text is clearly and con- 
cisely presented and the figures are good”’. 
I have no reason to change my mind on 
reading the new edition. The book is 
approximately 30% longer than its pre- 
decessor, the increase in extent being 
mainly due to the inclusion of a new 
chapter on lipid biosynthesis — a glaring 
omission from the first edition — and the 
addition of achapter onrecombinant DNA 
research. Each chapter is followed by a 
sizeable list of further readings (both books 
and articles) and interesting problems and 
questions. Biochemistry has much in its 
favour as a general introductory text. 
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David Saggerson is Senior Lecturer and Tutor to 
Medical Students in the Department of 
Biochemistry, University College London. 


textbook of over 800 pages, resembling at 
first sight some of the encyclopaedic 
treatises that have appeared during the past 
decade. Closer inspection reveals a sound 
presentation of basic biochemistry with a 
physiological bias, intended for a single 
semester course. Possibly this is the reason 
why some topics, membrane structure and 
chemiosmosis for example, are absent or 
treated dismissively. 

Part One (“Basic Biochemistry’’) 
follows a conventional pattern based on 
the structure and metabolism of the chief «y 


together with enzymology and bioener- 
getics. Part Two (“Metabolic Basis of 
Human Biochemistry’) discusses higher 
levels of organization, thereby empha- 
sizing the physiological! perspective of the 
basic science presented in Part One. Dr 
Frisell might have given his book more 
stature by integrating the biochemistry 
with the pathology of disease, but he 
apparently sees the cut-off point between 
these two disciplines as lying very close to 
fundamental biochemistry. Even in the 
lengthy chapter on the elements of 
nutrition, prominence is given to the listed 
dietary requirements and metabolic role 


discussion of the chemical-pathological 
basis of deficiency diseases. The treatment 
of prostaglandins and the biochemistry of 
nerve tissue sparkle with a certain fresh- 
ness, but in general the style of presentation 
is familiar and orthodox. 

The author is obviously a teacher of con- 
siderable experience, and he never loses 


sight of his most important reader, the 





undergraduate student. Every chapter 





classes of biochemical compounds, -4% 





of food components, with hardly any ” 
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‘Here, for the first time, is assembled a 
wide-ranging treatment of an important 
subject with a full bibliography. 

... excellent... strongly 
recommended... 
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Forthcoming titles from Longman 


The Quantum World 
J C Polkinghorne 


Written by a former Professor of Mathematical Physics at the 
University of Cambridge, The Quantum World has been written 
for the general reader, and no technical eof 
mathematics is demanded to follow the main discussion. It tells 
the story of one of the great cultural achievernents of the 
twentieth century —a story of excitement, intellectual challenge 
and continuing contention. , 


Paper0 582446821 £7.95net Published 26th March 1984 


Physics of Amorphous 
Materials 
S R Elliott 


The study of the glassy state is one of the newest branches of — 
solid state science, with most of the significant developments _ 
happening within the last ten years. Many properties which are 
unique to the amorphous are now reasonably well 
understood, and Dr Elliott's book is the first to describe them 
and to present a readable and comprehensive synthesis of the 
concepts involved in this exciting field. 


Cased 0 582 446368 Probably £25.00 net nats 1984 


These books are available tro è 





7 i Probably £6.95 net Due April 1984 
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Animal Architecture and 
Building Behaviour 
Michael H Hansell : 
Animal artefacts provide us with a wealth of fascinating stories, = 
and we marvel at the dexterity of the creatures who build these 
functional and often complicated structures. Michael Hansell _ 
has studied a whole range of animals to identify common and . 


unifying themes which suggest that the study of animal builders a 
and buildings is a coherent discipline. 


Cased 0 582 468159 Probably £25.00 net Due April 1984 4 o 


Carbohydrate Metabolism i in 
Plants CM Duffus and J H Duffus 


In this concise yet comprehensive survey, the origins of ad 
carbohydrate Precursors are described and their utilizationin 
synthesis and biodegradation is discussed. An integrated 

approach is adopted by relating physiological processes to 
biochemical events. Written for students and teachers of plant 

gy, this textbook will also provide valuable instruction for if 
those concemed with the utilization of plant material, whether | 
in agriculture as a source of renewable energy, orinthe == fs 
Sch ef and pharmaceutical industries as a source of new 
molecules. 
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Y.C. Fung 


+ Ld 
Biodynamics 
Circulation 
1984. 189 figures. Approx. 355 pages 
Cloth DM 92,-; approx, US $ 34.40. ISBN 3-540-90867-6 
Contents: Physical Principles of Circulation. - The Heart. ~ 
Blood Flow in Arteries. ~ The Veins. - Microcirculation. ~ 
Blood Flow in the Lung. - Basic Field Equations. - Index. 


From the reviews of the first volume: 

- both useful and thought-provoking...The reviewer 
looks forward to the subsequent volumes with keen inter- 
est,” J. of Biomedical Engineering 


W. Saenger 


Principles of 
Nucleic Acid Structure 


aS | o 1984, 227 figures. XX, 556 pages. (Springer Advanced Texts in Chemistry) 

-- Cloth DM 118,-; approx. US $ 44.10. ISBN 3-540-90762-9 

Soft cover DM 79,-: approx. US $ 29.50. ISBN 3-540-90761-0 

Ee The unusually clear illustrations of many complex mole- 

-= cules will make this book especially useful to students. A 

b ibliography of more than 1300 references is sure to help all 

fessionals interested in ee this ponant a and 

rapidly changing field.. 
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< A Thin Layer Chibastegtay Photo-Atlas 

_ Translated from the German by T. A. Scott 

1984. 165 colored figures. Approx. 340 pages 

Cloth DM 169.~: approx, US $ 63.10, ISBN 3.540-13195-7 


‘rom the reviews of the German ¢ edition: — 





oall chromatographers, as he considers it highly relevant to. 
-the solution of numerous problems. ... 165 colour plates 
each showing 6. Sepsis and ali of superb quality 
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I. Valiela | E E 
Marine Ecological Processes 


1984. 220 figures. Approx. 536 pages (Springer Advanced Texts in Life 
Sciences). Cloth DM 118,- ; Approx, US $ 44.10. ISBN 3-540- 90929-X 

A modern review and synthesis of marine. ecology that pro- 

vides the reader ~ particularly the graduate student - witha 

lucid introduction to the intellectual concepts, approaches, 

and methods of this evolving discipline. 





R.J. Hanks, G. L. Ashcroft 

$ “98 e y 
Applied Soil Physics 
Soil Water and Temperature Applications 
Springer Study Edition 
1983. 55 figures, VI, 159 pages (Advanced Series in Agricultural Sciences). 
DM 36,-; approx, US $ 13.50. ISBN 3-540-90927-3 
(Originally published as hard cover edition) 
Contents: Water Quantities. - Water Potentials. -~ Water 
Flow in Soil. ~ Soil-Plant-Atmosphere Relations. - Soil Heat 
Flow and Temperature. ~ Appendix. - Example Index. - 
Subject Index. 


K.S. Spiegler 


Principles of Energetics 


1983, 21 figures. XI, 168 pages 

Cloth DM 68,~; approx. US $ 25.40, ISBN 3-540-12441-1 

Contents: Fundamental Concepts. ~ Energy. - Generalized 
Forces. - Isothermal Flow Coupling. ~ Conductance Coeffi- 
cients and Reciprocity Relations. - General Energetics of 
Chemical Reactions. - Interdiffusion of Gases in Porous 
Media. ~ Molecular Filtration Through Membranes. - 
Coupled Heat and Mass Flow. ~ Thermoelectric Phe- 
nomena. - List of Symbols, - Appendix. 
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Geothermics An Introduction 


Translated from the German by 1 M. Chapman, D. S. Chapman 

1984. 66 figures, Approx. 150 pages (Oniversitext} 

DM 60, approx. US $ 22.40. ISBN 3-540-12751-8 

This successful German textbook is now available in an 
maar translation to English-speaking readers. 


.. the text is well written, the terms are clearly explained 
. a good textbook. It can be recommended not only to 
postgraduate students but also to other specialists in geo- 
physics and geology. ...” Tectonophysics 





A.D. Miall 
Principles of 
Sedimentary Basin Analysis 


1984. 387 figures. Approx. 530. pag: 

Cloth DM 120,-; approx. US $ 44. 80 ISBN 3-540-90941-9 
Contents: Introduction. - C ollecting the data, > Stratigraphic 
correlation. ~ Facies analysis. ~ Basin map ‘meth 
Depositional systems. ~ Burial hist Regional and gl 
bal stratigraphic cycles. ~- Sedimentation and platet tectonics 
~ Conclusions. ) eS 


Profusely illustrated. aa ccbinidlag undead: “icc eee 
from around the world, this up-to-date tex: 
comed by the student a and ad professional gee 



































Editors: R. F. Schmidt, G. Thews 
Translated fro rman by M.A. Biederman-Thorson 
1983. 569 figures (most incolor). XXI, 725 pages 


Cloth DM 98,~; approx. US $ 36.60. ISBN 3-540-11669-9 










“This handsome volume is a pleasure to read. It has a uni- 
formity of style which almost challenges the reader to con- 
sume more than mere fragments. The 569 diagrams, for 
example, are clear and concise, black and white with judi- 
cious use of red, all with a family resemblance and superior 
to those found elsewhere. The typeface is restful with use of — 
boldface type to emphasize new words as they appear. 

The content is all that should be found in a modern text- 
book... German physiologists are fortunate to have had 
such a textbook in the past and English speaking readers are 
fortunate to have it now.” | Proceedings of 


The Australian Physiological and Pharmacological Society 


W. Fuhrmann, F., Vogel 


Genetic Counseling 


Translated from the German by S$. Kurth-Scherer 
3rd edition. 1983. 50-figures. X, 188 pages 
DM 42,~; approx. US $ 15.70. ISBN 3-540-90715-7 


In this book the authors approach genetics from a practical, 
“prescriptive” point of view. They introduce the reader to 
the fundamentals of clinical genetics and offer numerous, 
practical guidelines to the assessment of risk-factors involv- 
ed with most common genetic disorders: Geared to 
primary-care physicians who are called upon to guide 
patients who are planning a family, Genetic Counseling out- 
lines methods for helping them circumvent, prepare for, and 
cope with genetic disorders. Socio-cultural and medical-legal 
aspects of genetic disorders are also considered. 


L. Heimer 


The Human Brain 
and Spinal Cord 


Functional Neuroanatomy and Dissection Guide 
1983. 213 figures. mostly in color. XI, 402 pages 
DM 69,60; approx. US $ 26.00. ISBN 3-540-90740-8 


“Al in all, this book is a useful medial neuroanatomy text 
and will undoubtedly be of considerable service to those 


- who teach this subject. Thus careful consideration should be 
. given to this book when texts for media] neuroanatomy are 


discussed by a teaching faculty.” 
Journal of Neuroscience Research 
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R. L. Bacon, N.R. Niles 
Medical Histology 
A Text-Atlas with Introductory Pathology 


Drawings by J. Ito 

Photographs by J. T. Phillips E 

1983. 734 figures. XH, 483 pages p 
Cloth DM 92,-; approx. US $34.40. ISBN 3-540-90734-3 yo 
This introductory text-atlas is aimed at medical and 


and biology students taking a histology course will al 


students in first-year histology courses; medical te hnolog 


it of value. The text, illustrations, and photomicrographs are 
closely integrated: each topic is approached as a learning 
“The book is thoughtfully and handsomely presented, The 
major topics are covered carefully and thoroughly, ... The : 


chapter on “Organs of Special Sense” is very well done, and 
the last chapter, on “Recapitulation with Variations“, is 


especially interesting.” The New England Journal of Medicin 


G. B. Saha 
Fundamentals of 
Nuclear Pharmacy 


2nd edition. 1984. 91 figures, XXI, 287 pages 
Cloth DM 84,-: approx. US $ 31.40. ISBN 3-540-90882-X 


students and practitioners with a professional interest in. cas : 
nuclear pharmacy and nuclear medicine. ee 


and the illustrations are simple, clear and effectively com- 
plement the text. The material presented is up-to-date de- _ -o 
scribing the latest radiopharmaceuticals which are routinely 
used in nuclear medicine... In conclusion. anexcellent = 
textbook which will be of value to all engaged in nuclear oe 


medicine. | Biopharmaceutics & Drug Disposition 


From a review of the first edition: “The book is well set out : — 










M. Katz, D. D. Despommier, R. A. Gwadz 
Parasitic Diseases 
Illustrations by J. W. Karapelou 
Photography by E.V.Gravé ES 
1982. 346 figures (inchiding 33 parasite life cycle drawings and 4 color plates) 
XH, 264 pages o 
Cloth DM 108,-; approx. US $ 40.30. ISBN 3-540-90684-4 


“This book is intended mainly as a textbook for medical s 
dents, but we feel that it is the best book on medical 

tology for practitioners which we have seen. It has e 
and not too much on each of the topics... The illu 
are spectacular... The 346 illustrations include 33 full-page - 


parasite life cycle drawings, Pediatric Infectious Diseases f 
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Michael Bright is ere 


Why do wolves howl, toads croak, mice 
squeak, fish burp, and grasshoppers 
chirp? How do animals use sound for — 
communication? And do the sounds | 
they make truly constitute a language? 


In this fully illustrated book, Michael 
Bright gives a comprehensive account of _ eS” 
the latest discoveries about animal A- EN 
communication. He draws on research “oN 
findings from many different countries 





to describe the extraordinary _ 


sophistication of animal, bird and insect 


language. 
£9.75 
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Revised and updated edition 





Photoelectron Spectroscopy 


An introduction to ultraviolet photoelectron 
-~ spectroscopy in the gas phase 


JHD Eland, MA, OPhi, 


Fellow of Worcester College, Oxford 


When first published, Photoelectron Spectroscopy was 
praised by the Journal of Electron Spectroscopy and 
Related Phenomena as an “excellent treatise .. .a broad 
j and lucid introduction suitable for chemists and physicists 
at advanced undergraduate and postgraduate level’ it 
“nas now been carefully revised and updated for this new 
[> edition... = g 
-The purpose of the book remains unchanged; to provide 
= the reader with a complete account of the subject at a 
- -practical level. The treatment is thorough but non- 
<| mathematical and the approach progressive, from a first 
familiarization with simple spectra through experimental 
“methods and the photoionization process to the 
interpretation of ionization potentials and band shapes. 















a a : “Hardcover 288 pages 215 x 138mm 
ilustrated. 0 408 710578 £25.00 1983 


a Available from your local bookseller or direct from the 
_ publishers. j 
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Scientists 
The Road to Liberation |°- 


Edited by Derek Richter 
Institute of Neurology, University of London 


April 1982 £10.00 313pp ISBN 0 333 32468 4 


Anyone should find these glimpses of lives 
in other cultures intriguing.” 

“Enlightening for any aspiring scientist 
who thinks a scientific career is a logical 
progression from research post to lectureship 
to chair.” Georgina Ferry, New Scientist 
This book draws together the personal and intellectual 
biographies of eleven women biomedical scientists, 
The individual stories are informative, fascinating, and 
sometimes moving, and cover cultures as diverse as 
those of India, Iran, USA and the USSR. = 0 O 0 





Please send orders orrequestsfor = 

further information to Felicity Parker, 
Product Manager, Scientific and Med 
Macmillan Press Ltd., Hound 
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concludes with a section entitled 
‘Problems and Clinical Correlation’’, 
with answers at the end of the book. These 
well-chosen questions orientate the student 
_ towards the key facts and reasoning of the 
preceding chapter. There is also a useful 
glossary of biochemical terms, and a very 
useful table of constituents of body fluids 
with their normal ranges. 

Dr Frisell’s book can be recommended 
to both medical and non-medical students, 
but they would probably prefer to find it in 
the library, rather than buy a personal 
copy. 

In contrast, Paterson’s Essentials of 
Human Biochemistry is small, reasonably 
priced and exciting. The description of bio- 
chemical pathways is totally integrated 
with the discussion of clinical disorders, 
amply illustrated with photographs and 
informative diagrams. No space is wasted 
in an economic juxtaposition of metabolic 
schemes, pictures and text, with the result 
that the book contains a surprising amount 
of information for its size. I was just a little 
‘ge disappointed in the chapter on hormones; 

=- there is insufficient stress on the central 
role of the pituitary, and I think the 
catechol oestrogens now deserve to be men- 
tioned in teaching texts. 

Dr Paterson has taken advice from a 
large number of experts in various areas of 
medical biochemistry, so that the text has 
an air of authority and is very up to date. 
This book can be strongly recommended 
for medical students and all biochemists 
with an interest in the medical aspects of 
their subject. 

A senior colleague once jokingly 










Suggested that the secret of impressive. 


lecturing was to use an erudite text and not 

tell the students about it. Biochemistry for 

the Medical Sciences was surely the kind of 

book he had in mind. In this individualistic 

Æ treatment of human biochemistry, 

"structural and molecular aspects are 
excluded, and the approach is frankly 
metabolic. The usual pathways of 
intermediary metabolism are described and 
discussed in detail, and the treatment of 
energy metabolism and thermodynamics is 
particularly useful and is well geared to 
the general requirements of most students 
of medicine. 





Above all, however, this book is 


characterized by its devotion to the 
integration of clinical physiology and bio- 
chemistry with a powerful emphasis on 
control and regulation. The tutor in search 






‘Pathological changes in concentrations 
of lipid fuels” and ‘Metabolic responses 
to starvation’, and by a delightful section 
on the comparative biochemistry of 
sprinting and marathon running. Within a 


rather novel framework the authors have 


produced a work of scholarship, which all 
lecturers should read and no student can 
afford to ignore. E 
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of a theme will be inspired by such titles as | 


TEXTBOOKS 
Matters physical and 
chemical 

E.G. Richards 

Physical Biochemistry: Applications to 


Biochemistry and Molecular Biology, 
2nd Edn. 








By David Freifelder. 


W.H. Freeman: 1982. Pp. 761. 

Hbk $43.95; pbk $24.95, £21.50. 
Analytical Biochemistry. 
By David J. Holme and Hazel Peck. 
Longman: 1983. Pp.480. £26, $57. 
ES a at E ce AE ET, 


THE physical methods used in biochemistry 
and molecular biology appear all too 
complicated to the student with little 
physics or mathematics, and one has come 


to expect such students to be daunted by | 


books that deal with the principles of 
physical biochemistry in all their physical 
chemical detail. It is a rare textbook that 
does not have this effect. The second 
edition of Physical Biochemistry is one. 

Freifelder has performed the notable 
service of bringing a large number of tech- 
niques and concepts within the compre- 
hension of undergraduate and graduate 
students who are not primarily of a 
physical bent. While quite a number of 
useful formulae are scattered through the 
text, not many of them are derived and 
there is little mathematics. Instead, the 
emphasis is on qualitative and intuitive 
understanding. The text is lucid, the 
examples apposite and the diagrams up to 
the usual standards of W. H. Freeman. 
This book should help students to under- 
stand matters physical and help to dispel 
some of their mystery. 

Physical biochemistry is defined 
liberally to include light and electron 
microscopy, immunological methods and 
DNA sequencing, as well as the more trad- 
itional techniques of ultracentrifugation, 
Spectroscopy and fluorimetry — to 
mention but a few of an encyclopaedic 
range of topics covered (though there is 
nothing on crystallography). There are 
many detailed and illuminating analyses of 
real applications and each chapter includes 


a reading list and a set of problems (the | 


answers being provided at the end of the 
book). 

The original edition of this book was 
marred by a few unfortunate mistakes and 









"homas A. Scott is Senior Lecturer in| . Itmaybeargu 


_isotopes, antibodies), and the ana 


compounds (carbohydrates, amino aci 
















Certainly, specialized techni 
required, and in Analytical B 
Holme and Peck have provided : 
compendium of such methods, 
The book comes in three sections, i 
covering analytical methods, 
materials for analyses (enzymes, 








major groups of biologically i po 
proteins and lipids — though, oddly, there _ 
is little on nucleic acids). The methods con- 
sidered include spectroscopic, electro- 
analytical and immunologicalapproachesin _ 
most of their various forms, as well as those 
which involve the use of radioisotopes and _ 
separation techniques. Both the theoretical 
background and the instrumentation 
involved are discussed succinctly, in. 
adequate though not too exhaustive detail, 
and each chapter includes a list of further _ 
reading. The statistical aspects of the — 
subject — perhaps given too little emphasis — 
in some parts of the biochemical literature S 
— are here properly discussed and duly _ 
emphasized. eee 
It is useful, as the authors suggest, to _ 
have all these methods housed in one _ 
volume and Analytical Biochemistry will 
remain on my bookshelf as a source book. _ 
It deserves a similar fate with both under- | 


graduate and graduate students, ee 


Soe 

E.G. Richards is a Senior Lecturer in the. 
Department of Biophysics, King’s College, Uni- 
versity of London. CE i 
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Photosynthesis: some 


light relief 
Peter D. Moore 


C,,C,: Mechanisms, and Cellular and 

- Environmental Regulation, of 

-< Photosynthesis. 

By Gerry Edwards and David Walker. 

Blackwell Scientific/University of 

-~ California Press: 1983. Pp.542. 

Photosynthetic Systems: Structure, 

` Function and Assembly. 

By Susan M. Danks, E. Hilary Evans and 
Peter A. Whittaker. 

Wiley: 1983. Pp. 162. Hbk £13.95, $26.25; 
pbk £5.95, $11.50. 


a aeeie 











AS ANY purveyor of academic materials can 
tell you, one of the most important 
components of a good lesson or lecture is 
-an element of humour. H can turn an ade- 


- quate and accurate presentation of inform- | 


ation into a memorable one. It is sur- 
prising, therefore, that so few scientific 
textbook writers are prepared to inject 
humour into the printed page. The joke or 
pun which is cheerfully delivered from the 
-rostrum is usually omitted from the written 
“version, which often loses vitality as a 
result. Gerry Edwards and David Walker 
< have thrown caution to the winds and have 
included jokes, even cartoons, in their 
-book C,,C,, and the result is not only 
‘amusing, it is memorable. 

The subject in this case is photosynthesis 
and the treatment it receives here will prove 
both informative and stimulating to the 
novice and the research worker alike. It 
begins with a lucid account of thermo- 
dynamics and energetics (where we are 
told, among other things, that J oules are a 
girl’s best friend) and develops, through 
the biochemistry of pigments, to a con- 
sideration of the “Z” scheme and ATP 
formation. Carbon fixation pathways are 
then described and explained, with the help 
of intermittent light relief, such as “‘Up the 
Carbon Path’? — a story of cellular 
espionage. It may not add much to the 


2 science, but it contributes greatly to the 
dability of the book. 













Auch space, as the title indicates, is 
given over to a description of the C 
-> pathway and its comparison with the con- 
>> ventional C, and CAM strategies. This is 
<> not an easy task but the authors conduct it 
-ina clear and flowing fashion. Wherever a 
< simple statement can be made in an unam- 
< biguous manner, it is done so. Where 
questions remain unresolved, at least they 
re set out clearly, and periodic summary 
tements provide useful milestones in the 
evelopment of their theme. 

~The only areas in which the book 


leserves criticism are its length, which 


















kes it an unlikely candidate for the 
dergraduate market to which it is other- | | 











setting, which has left such extensive, 
naked lacunae at the top of each page that 


the text often pushes the page numbers off | 


the bottom. | 

The second book reviewed here, Photo- 
synthetic Systems, is more compact than 
C,, C, but covers much of the same ground. 


| There is a greater emphasis on structure 


and a more liberal use of electron 
micrographs. There is also more stress on 
the evolution of photosynthetic systems, 
but less information about the historical 
aspects of the formulation of current 
theories, and less evidence of humour. 


Again, the approach is simple and clear. 


Even fairly complex areas such as ATP syn- 
thesis have the questions which need 
answering framed in a simple yet logical 
fashion. C, and CAM mechanisms are 
dealt with rather briefly, but a major 
section is included on plastid development 


Working plants 
Michael Black 


Plant Physiology, 4th Edn. 

By Robert M. Devlin and Francis H. 
Witham. 

Willard Grant Press/Wadsworth: 1983. 
Pp.577. $27. 


Introductory Plant Physiology, 2nd Edn. 
By G. Ray Noggle and George J. Fritz. 
Prentice-Hall: 1983. Pp.627. 

$45.85, £32.25. 


Biophysical Plant Physiology and 
Ecology. By Park S. Nobel. 

W.H. Freeman: 1983. Pp. 608. 
$36.95, £34.95. 


Plant Physiology in Relation to 
Horticulture, 2nd Edn. 

By J.K.A. Bleasdale. 

Macmillan Press, London: 1984. Pp. 143. 
Pbk £5.95. 


e rnea 


PLANT function increasingly is being 
understood in formal chemical and 
physical terms. Biochemists continue to 
elucidate aspects of plant metabolism that 
were hitherto poorly understood, 
molecular biologists are beginning to 
provide some understanding of the control 
of differentiation and morphogenesis, and 
some aspects of ecophysiology are 


amenable to analysis in physical terms. | 
Plant physiology is also a subject of great 


practical importance: manipulation of the 
growth and metabolism of plant cells, 
tissues and organs in culture is being 
exploited, and together with the appli- 
cation of molecular biological techniques 
carries great promise for agriculture and 
biochemical engineering. A textbook of 


plant physiology should, of course, reflect | 


these trends. To varying degrees, each of 

these four books meets the requirement. 
Devlin and Witham’s Plant Physiology 

(n h edition) and Noggle and 












y Plant Physiology (in |. of extension | 
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and chioroplast genetics. 

Comparing the two books, there is a 
clear difference in emphasis, Edwards and 
Walker concentrating more upon C, and 


CAM and their relative physiological and / A 


ecological advantages, Danks, Evans and 
Whittaker taking more excursions into 
related subjects, such as nitrogen fixation, 
biosynthesis of pigments and chloroplast 
DNA. Photosynthetic Systems is also more 
precisely aimed at the undergraduate, 
whereas C,,C, starts at a lower level and 
proceeds to a higher one. Which is the 
preferable book will therefore depend very 
strongly upon the nature of its proposed 
use. Personally, I would go for C,,C, — 
and not just for the laughs. J 


eAnem 


Peter D. Moore is Senior Lecturer in the 
Department of Plant Sciences, King’s College, 
University of London. 


its second) concentrate on higher plants 
and cover essentially the same ground, at a 


comparable level, but with slight differ- go> 


ences in emphasis. Both start with concise 
accounts of cell structure and physiology, 
but then diverge — Introductory Plant 
Physiology into metabolic physiology and 
then diffusion, transport phenomena and 
mineral nutrition, with Plant Physiology 
reversing the order of treatment. Both 
books offer highly readable and competent 
reviews of these subjects but each with 
some advantages over the other. Devlin 
and Witham, for example, include separate 
chapters on proteins and nucleic acids, 
enzymes and carbohydrate metabolism, 
whereas these topics are compressed into 
one chapter by Noggle and Fritz. In Plant 
Physiology carbon dioxide f ixation is sepa- 
rated from electron transport and photo- 
phosphorylation, but these are all covered 


together in Introductory Plant Ph ysiology. “4F 


The former treatment is likely to be clearer — 
for students. On the other hand, photo- 
respiration receives special consideration 
by Noggle and Fritz, who givea good, com- 
prehensive account of the phenomenon. 
And to their credit, both books nicely set 
this topic, together with C, and C, photo- 
synthesis, in the context of plant produc- 
tivity and agriculture. 

The last third of each book is devoted to 
the physiology of growth and develop- 
ment, plant growth substances occupying a 
prominent role. The treatments are 
generally good, but conventional, for 
neither transmits much of the growin 
debate in this field (for example over long- 


cherished concepts such as the Cholodny- X 


Went theory of tropic movements). Slight 
deficiencies can be found in other respects 
too. The discussion of phytochrome is 
consigned by Noggle and Fritz to an early 
chapter on photophysiology, where it joins 
the photochemistry of chlorophyll, 
carotenoids etc., and the authors. are 
unsuccessful in bringing the topic back to 
where it really belongs — with the co! 
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ation and other aspects of photomorpho- 

genesis. Neither book conveys the impor- 
tance of phytochrome in an ecological 

. context, even though so much has been 
- learned about this in recent years. 

Devlin and Witham may just have the 
edge as far as the student is concerned, for 
in their book the diagrams and photo- 
graphs are rather better integrated with the 
text; nonetheless, Plant Physiology some- 
times falls behind in the depth and ‘‘up-to- 
dateness”’ of its coverage. But while any 
attempt to deal with such a broad area is 
bound to be open to criticism, I would be 
happy to recommend either of these books. 
Students of biological science who are 
likely to meet plant physiology at any time 
in their university career can be directed to 
both works with confidence. 

Nobel’s book, which follows his earlier 
Biophysical Plant Physiology, published 
by Freeman in 1974, is not comparable with 
the preceding two works, for it deals only 
with those parts of plant function which are 
amenable to physicochemical analysis —- 
„ion and water movement, energy trans- 


-| duction and bioenergetics, temperature- 


energy budgets, gaseous fluxes in leaves, 
and aspects of photoperception. In the 
author’s words, the book is ‘‘an attempt to 
integrate at an introductory level, certain 
relevant parts of the physical sciences with 
plant biology”. It succeeds in this aim. 

Treatment is at a depth not found in any 
other plant physiology textbook of which I 
am aware, yet Nobel assumes no more than 
a first-year university background in 
physics, chemistry and mathematics on the 
part of his readers. All interested in eco- 
physiology, transport phenomena and bio- 
energetics will find this an invaluable if not 
essential companion to books dealing with 
these subjects in a more conventional 
manner, and plant physiologists in general 


X will appreciate the appendices on the 
“symbols, 


abbreviations, physical 
constants, co-efficients and conversion 
factors with which we are having to become 
familiar. 


Bleasdale’s Plant Physiology in Relation 


to Horticulture is intended for a different 
readership, primarily for horticulturists. It 
gives an elementary account of those 


aspects of plant function about which such | 


practitioners should be aware, but it would 
make useful reading for biologists who 
wish to know something about the prac- 
tical importance of plant physiology. The 
book is a revised version of the first edition 


that he hadn’t been so conservative, at least 
with the references. For example, the 
average age of the citations on photo- 
synthesis (in the chapter on seedling 
physiology) is 37 years, and even the 

‘‘new” chapter on the seed mostly refers to 
material nearly 20 years old. B 


; 


Michael Black is Senior Lecturer in Plant 


rsity of London ues 
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TEXTBOOKS 
Past attractions 
Keith Allen 


Paleobotany and the Evolution of Plants. 

By Wilson N. Stewart. 

Cambridge University Press: 1983. 
Pp.405. £17.50, $29.95. 

Introduction to Palaeobiology: General 
Palaeontology. 








_ By B. Ziegler. 


Ellis Horwood/Halsted: 1983. Pp.225, 
Hbk £30, $69.95; pbk £12.50, $29.95. 

Ancient Sedimentary Environments and 
the Habitats of Living Organisms: 
Introduction to Palaeoecology. 

By Jean-Claude Gall. 

Springer-Verlag: 1983. Pp.219. DM 60, 
$24.80. 





A TEXTBOOK can be compared with a 
member of the opposite sex. If the initial 
layout is attractive, then you may wish to 
continue the acquaintance. Paleobotany 
and the Evolution of Plants by W:N, 
Stewart is a good-looking book and repays 
closer attention. The text is well laid out, 


the photographs well produced, and the 


new and redrawn figures are of high quality 


(no acknowledgement is given for these, so - 


I assume they were drawn by Stewart 
himself). 

After a gap of almost twenty years 
(1961-1981) when. no general British or 
North American ‘palaeobotany textbook 
was published, Wilson’s book follows 
closely on the heels of Thomas Taylor’s 
Paleobotany: ‘An Introduction to Fossil 


-Plant Biology (for review see Nature 295, 


468; 1982). Both texts are aimed at a similar 
audience, primarily the palaeobotanist and 
botanist, with little for the geologist. 
Stewart’s chapters follow the usual 


sequence — starting with types of plant 


preservation and techniques for their 
study, continuing with classification, and 


then running through the taxa from cyano- 
bacteria to angiosperms. 


This textbook is well written and well 
researched. In all, it isa pleasure to. own. 
My main criticism is that the angiosperms, 
which have after all dominated the Earth’s 


flora since Upper Cretaceous times, are | 


given only 27 pages in a book of 400. Thisis 
a pity; at present there is alot ofi interesting 
research being carried out on early angio- 
sperms which might have been mentioned. 
Although the task of giving an overview 
of palaeobiology in 225 pages seems a 
daunting one, my initial impression of 
Se 
Textbook supplement — prices 


Where possible both dollar prices pertaining | in | 


the United States and sterling prices for the 


United Kingdom are given in the bibliographical | 


Export prices will 
t-or sterling price is 
available in one of the 
readers should check 
ilability..of books before 


details for eac 
generally be high 
not cited, the bo 
two. countries. 























and has not been thoroughly 


things can be divided into two kingdoms 


Aecheulian hunter’s cave. It includes : 


| deltaic and fluviatile environments... 


_ have been updated for translation — oni 
| four references are given from the past 
decade — while a palaeobotanist: ou 


which could be of use at firs 





-t University of Bristol. 


Ziegler’s Introduction to Palaeobiol 
was favourable. It is well laid out, anc 
accompanied by pleasing illustratio 
Here I thought is a book to inter est b 
gists and geologists alike. Sadly, ond 
deeper, my initial enthusiasm u 
appointment, pe 
The book was originally i ib 
German in 1972; it is in part out of 





In Chapter 1, for instance, “M: ; 
divisions of the Organic World” t , rro 
woefully abundant, We are told that livin 


then four are listed. Phyla are used in the — 
Plant Kingdom when, under the Rules of 2 
the Botanical Code, Divisions are 
mandatory. The Mastigophora are 
included in both the Plant-and Animal _ 
Kingdoms; what is wrong with the | 
Kingdom Protista for the unicellular algae _ 
and protozoa? The name Phycomycetes, 
used here, became ‘‘extinct”’ in the early _ 
1960s, while according to Ziegler Rhynia, _ 
Lepidodendron and Equisetum are ferns _ 
and gymnosperms are flowering plants. oS 
There are many other inaccuracies in this 
chapter and it is all very confusing oro 
students: ee 
Topics covered in other chapters include | 
evolution, mode of life, ecology and bio- 
geography. In some there are further _ 
serious errors and the reference lists for _ 
each chapter are too short and inadequate, 
There are other, better books on the _ 
subject, for example D. M. RaupandS.M. 
Stanley’s Principles of Paleontology — 
(W. H. Freeman, 2nd Edn 1978), which 
students would be advised to turn to first. | 
Gall’s Ancient Sedimentary Environ- ae 
ments and the Habitats of Living Organisms a 
looks less attractive. Unkindly you might _ 
say that in appearance it is a book of _ 
prominent headings interspersed with text, 
Nevertheless the more I read this book, the __ 
more I liked it. It is in two parts, the first 
giving information deduced from the — 


_ fossils and sediments (e.g. modes’ of life, o 


sediments and sedimentary environments 
and fossiliferous. horizons), the second _ 
dealing with nine ancient sedimentary 
environments of differing types, from the ; 

Precambrian Ediacaran fauna to an- 






discussion of various marine, Tagoonal 















+ 


It seems to me, however, that this bok is. 
too short; a further 50 pages would have - 
allowed greater depth and the elucidation. 
of somewhat telegraphic statements. It was 
written in 1975, and does not appear 








have advised Gall on several error 
this is a generally good elementar 


university level, particularly. for biologist: 
needing some relevant geology: o aa 


Keith Allen is Senior Teie j in Bo 
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Grades of evolution 
Paul H. Harvey 





Evolutionary Biology. By Eli C. Minkoff. 

Addison-Wesley: 1983. Pp.627. 

«$29.95, £21.70. 

Sex, Evolution, and Behavior, 2nd Edn. 

By Martin Daly and Margo Wilson. 

Willard Grant Press/ Wadsworth: 1983. 
Pp.402, $17.55. 

Natural Selection and its Constraints. 

By Oliver Mayo. 

Academic: 1983. Pp.145. Hbk £12, 
$19.50; pbk £5.95, $9.50. 


DONOSEN Saan 


ENCYCLOPAEDIC textbooks are expected to 
be a little boring. They also, inevitably, 
introduce and perpetuate a few errors. But 
Eli C. Minkoff has managed to purvey so 
much erroneous information in a book that 
surveys the whole -field of evolutionary 
biology that I could not possibly 
recommend it as a course text. Several old 
favourites, such as character displacement 
in nuthatches and the surface area inter- 
pretation of Bergmann’s Rule, are re- 
created for the misinformation of a new 
generation of students. Those same 
students will attempt to understand why 
females of haplodiploid species share 25% 
of their genotypes with their sons. And 
they will even be told that there is good 
evidence that the sex ratio responds to 
selection in Drosophila. 1 could go on. 
Fortunately, and contrary to the author’s 


claims, there is a textbook that covers — 


accurately most of the same ground in evo- 
lutionary biology. It has the same title as 
Minkoff’s but was written by Douglas 
Futuyma and published by Sinauer in 
1979. 

It is a pleasure to turn from an unsatis- 
factory book to a good one. Daly and 
Wilson’s Sex, Evolution, and Behavior has 
now appeared in a second edition which is 
even better than the first. Since 1978, when 
their first edition was published, a lot has 
happened in sociobiology. Many adaptive 
stories, particularly relating to human 
behaviour, have been subjected to 
comparative and experimental tests. Eric 


Charnov has brought together a disparate - 


series of research topics, concerned with 
how individuals partition resources into 
male and female function, into a unified 
theoretical discipline which he calls sex 
allocation theory. These and other 
- developments are integrated by Daly and 
Wilson into a wholly rewritten text. 

= There are a few mistakes, and | was 
_. particularly unhappy about their treatment 
of some aspects of sexual selection — 
< Fisher did not model the runaway process 
and Zahavi’s handicap principle is not 
< Jikely to explain peacocks’ tails, even when 







‘mathematical arguments characterizes a 


everal dis 


-> “genetic modelers approach [it] in the right | 
2 spirit’. Such flippant treatment of formal | 


of work in this area and has led to 
ral disagreements caused by loose ' 





thought. Indeed, Daly and Wilson’s į 


discussion of “confidence of paternity” 


confused me precisely because they did not | 


give a formal presentation of their verbal 
argument; I do not know what 
assumptions lead to their conclusions. The 
book carefully avoids mathematical 
arguments, presumably because much of 
the intended audience (which includes 
social scientists) prefers the intuitive 
insights that can accompany verbal 
presentation. 

Mayo’s useful little book lies at the other 
extreme. He presents his audience with a 
terse series of eleven essays that attempt to 
survey the constraints within which natural 
selection works. Topics covered include 
allometry, the rate of evolution, canali- 
zation, senescence and speciation. This iS 
not a book for undergraduate study, nor 
does it attempt to explain concepts or to 
review fields of research. For example, sen- 
secence is allotted two pages. Instead, 
Mayo provides a framework within which 
graduate students can study contemporary 
problems in evolutionary biology. Key 
papers up to 1981 are cited in each section, 
together with a series of topics for dis- 
cussion. This makes excellent material for a 
series of graduate seminars in evolution 
and I intend to use the book for exactly that 
purpose. Ed 





Paul H. Harvey is in the Population Biology 
Group at the School of Biological Sciences, Uni- 
versity of Sussex. 





Anatomical types 
T.S. Kemp 


Comparative Anatomy of the 
Vertebrates, 5th Edn. 

By George C. Kent. 

Mosby/Blackwell Scientific: 1983. 
Pp. 604. $29.95, £26. 

Analysis of Vertebrate Structure, 
and Edn. 

By Milton Hildebrand. 

Wiley: 1983. Pp.654. Hbk £30.35, $42.50; 
pbk £5.95, $11.50. 
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COMPARATIVE anatomy of the vertebrates 


is continuing to flourish, it seems, judged 


by the appearance of a fifth edition of 
George Kent’s Comparative Anatomy of 
the Vertebrates, In this age of theory, 
principles and problem-solving in biology, 
one wonders exactly what is the role of such 
a descriptive book. True, lip service is paid 
to functional anatomy, adaptation, 
phylogeny and evolution, and occasionally 
development, but the great bulk of the 
book is straightforward description, 
modernized in details but indistinguishable 


in approach from the equivalent works of 


fifty years ago. 


-= What Kent fails to convey is the great | 


strides in methodology and philosophy 













that have underwritten the various aspects. 
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of comparative biology. In the book classi- 
fication and phylogeny are treated as vir- 
tually synonymous which is by no means 
necessarily the case; functional interpre- . 
tation is restricted to comments on single — 
features, despite the growing holistic view 
of animal function; and the various con- 
cepts of morphology are considered no 
more worthy of theoretical treatment than 
pictures in a dissection guide. But Kent’s 
book is no worse than several others in the 
field, and at least he hints here and there 
that the subject might have more depth 
than he makes explicit. 

The question is, then, whether there is a 
place in teaching for a volume such as this. 
The answer depends on the use to which the 
book is put. If it is meant to provide a self- 
contained course of study, then it is not a 
course that I should wish to give to under- 
graduates. As a reference source, a kind of 
glorified handout, accompanying an inter- 
esting course on the biology and evolution 
of the vertebrates, then it does have merit. 
After the obligatory chapters on the 


characters and origin of the vertebrates, A 


there is an extremely superficial who’s-who 
of the group. There is then a series of 
chapters, quite unrelated to one another, 
covering the various classic vertebrate 
systems one at a time. Plenty of good- 
quality illustrations, often made clearer by 
the use of red and blue colouring, are 
included. Each chapter has a reference/ 
literature list which tends to be rather idio- 
syncratic and on the whole rather out of 
date. This is a dull, basically worthy text- 
book. 

The second edition of Milton 
Hildebrand’s Analysis of Vertebrate 
Structure is much more welcome since his 
explicit aim is to show how structure is 
related to function, in which he succeeds 


well. After a brief outline of vertebrate _ 
history, there is a long system-by-system “yy 


comparative section, but in this case the 
adaptive and functional meanings are 
clearly brought out. The anatomy is thus 
made to work for its living, so to speak, 
generating a lively account. The best part 
of the book is the last section, which is a 
clear and quite detailed exposition of the 
various forms of vertebrate locomotion, 


| showing how the skeleton and muscles are 


designed to perform the required functions 
efficiently. A final part treats feeding 
mechanisms in vertebrates from the same 
point of view. 

I have found the first edition of Hilde- 
brand a valuable teaching text for under 
graduates, complete with its excellent illus 
trations and useful reference lists. This 
edition continues the tradition, and has 
been brought up to date by the addition of 
new references and a number of new 
diagrams. In the words of the preface 
“Finally, it is hoped that this book will be 
found interesting”. Itis Oo 





T.S. Kemp is Curator of the University Museum 


„and a Lecturer in Vertebrate Zoology at the — 
University of Oxford. piel oo aa 
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Variation in good 
behaviour 

| Ian J. Patterson 








Animal Behaviour: Ecology and 
Evolution. 

By C.J. Barnard. 

Croom Helm/ Wiley: 1983. Pp.339. 
Hbk £17.95; pbk £8.95, $21.50. 

The Study of Animal Behaviour. 

By Felicity Huntingford. 

Chapman & Hall: 1984. Pp.411. 
Hbk £24.50, $49.95; pbk £10.95, 322. 





THE many texts on animal behaviour pub- 
lished over the past ten years have increas- 
ingly reflected the growth of interest in 
functional and evolutionary aspects of the 
subject. In particular, the emphasis on 
individual genetic fitness, gene selection 
and the strategies which animals should 
pursue to maximize fitness has culminated 
in a number of specialist books on socio- 
biology and behavioural ecology. 

C.J. Barnard draws back from this 
extreme. His title is well-chosen in that the 
first half of the book covers straight- 
forward ethology (the physical basis for 
behaviour, external and internal causal 
factors, with genetic and environmental 
influences on development), while the 
second deals with behavioural ecology and 
evolution (habitat selection, foraging 
theory, anti-predator behaviour, mating 
strategies and social behaviour). A final 
chapter draws together the second half 
of the book through a discussion of the 
evolution of behaviour, including a rather 
puzzling return to kin selection and 
evolutionarily stable strategies which are 
covered previously in Chapter 3. 
qy The text is clearly written and easy to 
TA follow, although some rather complex 

examples (for instance the account of newt 
courtship on p.70) lack a sufficiently full 
explanation for readers not familiar with 
the original work, The lettered keys on 
figures are tedious to read and sometimes it 
is unreasonably difficult to extract 
information from them; on p.91, 
example, the text must be related to letters 








inthe figure through a translation in the | 


legend. The references too would have 
profited from greater care. Some authors 
are cited by name, others by a superscript 
reference number, while a few authors 
named in the text do not appear in the 
reference list or lack the usual superscript. 
Also, pertinent information sometimes 
appears without any reference at all (in 
Section 1.2.1. for example). Such sloppy 


presentation will frustrate the serious | 


student anxious to follow up examples in 
detail. | 
These minor problems, however, do not 
detract seriously from what is an excellent 
and well-written undergraduate text. 
_Animai Behaviour gives a good overview of 


a the:s current state eof play i in } this discipline 


for- 


-TEXTBOOKS 


and will provide a firm basis for later 
specialization. 

In The Study of Animal Behaviour 
Felicity Huntingford has covered a similar 
range of subject matter in a rather more 
conventional way than Barnard, with 
behavioural ecology being confined largely 
to one very long chapter on the adaptive 


significance of behaviour (taking up over a | 
reluctant to use this book.as ; 


third of the book). The remainder provides 
fairly advanced coverage of ethology, ata 
level suitable for senior undergraduates. 
The figures and tables are clear and easy to 
assimilate and the writing only rarely drops 


from a high standard of clarity; some of the | 


exceptions, however, are spectacular (for 


instance the penultimate sentence of | 


Section 5.8. 5e on p.229). 
Perhaps the most radical aspect of 


_ least some coverage of the physi 


















Huntingford’s approach is the on 
the customary chapters on neur¢ 
and physiology and the structu 
function of sense organs. It can be ar 
that knowledge of such ‘hardware’ 
essential to an understanding of etho 
but most lecturers nevertheless i 


behaviour in their courses and 


Included in it, however, are very u 
discussions of the description and mea 
ment of behaviour and applied ethology 
which add to the undoubted value of T rhe 
Study of Animal Behaviour for student 
use. Eoo a 
lan dJ. Patterson is a Senior Lecturer i in Zoology : c 
at Culterty Field Station, Universtiy: a 
Aberdeen. ERRE 





Monkey business 


W. C. McGrew & 
J. R. Anderson 


Primate Social Relationships: 
An Integrated Approach. 
Edited by Robert A. Hinde. 
Blackwell Scientific/Sinauer: 1983. 
Pp.384. Hbk £26, $40; 
pbk £13.80, $21. 
Primate Behavior. 
Edited by James L. Fobes and 
James E. King. 
Academic: 1983. Pp.393. $29, £20.50. 











Primate Social Relationships is an exciting 
book, both in content and in form. In 
content it is virtually unique for an 
anthology in that it is unified by a 
theoretical framework, the aim being to 
apply the ideas of Professor Hinde and his 
students at Cambridge to the analysis of 
social organization. Social life is seen as a 
hierarchical system of increasing com- 
plexity: individuals behave; when they ex- 
change behaviour they interact; accumu- 
lated interactions lead to relationships; 
networks of relationships yield social 


structure. The key level in the system is the 


relationship, and the analyses provide both 
proximate and ultimate explanations. 


The testing of the ideas has been done 
largely by research on three types of Old 


World monkeys: savanna baboons, vervet 
monkeys and rhesus macaques. The 
macaques have been subject to most 
attention, both in small harem groups in 


captivity and in a free-ranging population | 
in Puerto Rico. Concentration on these. 


polygynous forms is both a help and a 


hindrance, however, for while their near- | 


uniformity of social organization allows 
confident, detailed. conclusions to be 


drawn it prevents generalizations to other 
‘primates. To some. degree, extension to. 
other forms is tackled in the final chapter, | 
but this is something of a hodge-podge 
and-has the appeprarice c of being: an after- 
2 thought. | | 





behaviour are better seen as appetisers for : 


chapters by the editors on learning abiliti 


and delayed response, to more compli 
_ types of performance involving concepts 
quantity and analogical reasoning. Objec 


telligence’’ to trying to unde 
i strategies which prima e 





The novelty of the book’s form liesi in the 
fact that each chapter comprises from two. ae 
to ten independent contributions. There _ 
are 61 such ‘‘mini-chapters”’, averaging _ 
about five pages each; about a third are _ 
conceptual in nature, the remainder _ 
empirical. Mostly these give concise, — 
specific examples of, for instance, the _ 
effects of being. orphaned, differences 
between primiparous and multiparous. o 
mothers, matriline membership and 
acquisition of social rank etc; Given that 
there are 20 contributors in all, the overall — 
degree of clarity is remarkable, though a _ 
few sections read like abstracts of whole Se 
chapters from PhD theses. ee 

Primate Behavior is amore converitional a 
piece of compilation, consisting of eleven 
chapters on various topics in behavioural _ - 
primatology with an acknowledged bias 
towards laboratory studies. It will 
therefore be used best in conjunction with 
other texts which cover ecology and social 
relations in greater depth. There are two 
chapters devoted to these areas, but 
understandably they suffer from having — 
too much to say in too little space, and so = 
such topics as territoriality, the effects of gee 
plant secondary compounds on feeding _ 
strategies, and infanticide are illustrated ue 
only modestly. h 

If the two contributions on ‘naturalistic a 















field studies than as main courses, two 


constitute major reviews of experimeėi 
research on primate cognitive processe: 
Starting from simple conditioning, the 
authors trace developments in discri 
mination and reversal learning, learning st 


permanence, tool-use and cognitive may 
are also discussed. An important poin 
made here is that there has been a shi 
away from searching for. si 
performance indices for cates 

different species according 











problems and the underlying mechanisms 
= which can be inferred. 

» The editors draw attention to the 
constant risk of unwittingly handicapping 
> an animal through the use of inappropriate 
testing procedures. The same caution 
applies to studies of sensory abilities, 
¿notably vision and audition, which are 
described in two further chapters. The 
_ account of perceptual processes goes some 
- way towards animating the psychophysics, 
© though much recent experimental work on 
the perception of social stimuli is omitted. 
= The book also includes contributions on 
ape language studies, primate evolution, 
early assessment procedures and influences 





Keeping pace with 
biology 


_ J.T. Bonner 


Elements of Biological Science, 3rd Edn. 

By William T. Keeton and Carol Hardy 
McFadden. 

W.W. Norton: 1983. Pp.729. $16.60, 
£10.95. 

Life: The Science of Biology. 

By William K. Purves and Gordon H. 
Orians. 

Sinauer/ Willard Grant Press/ Blackwell 
Scientific: 1983. Pp.1, 182. $33.75, 
£19.50. 

Biology, 5th Edn. 

By John W. Kimball. 

Addison-Wesley: 1983. Pp.974. 
$31.95, £15.95. 

Biology, 2nd Edn. 

. By Donald D. Ritchie and Robert Carola. 

Addison-Wesley: 1983. Pp.644. $28.95. 


The Biolab Book. By Lundy Pentz. 
Johns Hopkins University Press: 1983. 
Pp. 127. $9.95, £8.50. 








EACH year brings new basic biology texts or 
new editions of established ones. A group 
from this year’s crop is presently sitting on 
my desk and weighing it down 
dangerously. The problems of writing a 
textbook on general biology are quite 
-~ extraordinary. The successful ones are 
enormous and encyclopaedic in their 


> coverage; yet despite their appearance of 
_.. solidity and finality, the subject changes at 
-=a reckless pace which forces the need for 
< successively heavier editions. It is true that 
-some books, of which the new edition of 
© Elements of Biological Science by Keeton 
< and McFadden is an example, are speci- 

- fically designed for a short, one-semester 


© course; but while this book is the third 


edition of a good, condensed version of the. 





l paperback ¢ 
fe rer $. r 








y Press ea re-issued inj are beautiful and the book weighs in at a 
anlo T a with the giants in the field, such 
i| as Keeton, and Helena Curtis’s Biology, 


5 oan | 4th Edn (for review see Nature 302, 166; ore at Princelon iain oe oe ae ce 





and | 
abnormal behaviour, focusing on the- 


on behavioural development, 


experimental study of depression. 


Neither Primate Behavior or Primate | 


Social Relationships is a textbook in the 
usual sense. But both are aimed at more 
than research specialists in primatology 
and should be useful in teaching 
postgraduates or keen undergraduates. 
Together they exemplify the new directions 


in which primatology continues to grow. C] | 





W. C. McGrew is Senior Lecturer in Psychology 

at the University of Stirling, and J. R. Anderson 
is Maitre-Assistant in the Laboratoire de 
Psychophysiologie, Université Louis Pasteur, 
Strasbourg. 


highly successful Keeton’s Biological Science 
(for review see Nature 289, 714; 1981) it still 
tips the scales at over four pounds. 

Another characteristic of the new books 
is that they are beautifully illustrated. It is 
not just that there is an increasing tradition 
of clear and helpful diagrams and 
drawings, sometimes printed in more than 
one colour, but also of including stunning 
photographs. I suspect that the great 
success of Scientific American and their 
pioneering of the art form of scientific 
illustration has done much to influence 
textbook illustrators. 

The authors of general texts have in 
common one particularly difficult 
problem: they must satisfy two quite 
different goals. Some courses are taught 
from the text, which must be written so that 
on page one students enter as novices, 
become progressively informed as they 
proceed through the book, and on page 
1,000 emerge as biological polymaths. 
Other courses, however, are centred 
around lectures, the text being used as 
supplementary reading and as a reference 
book. In this case continuity is less 
important than the encyclopaedic qualities 
and this means special stress in having the 
facts up-to-date. 

The one first-edition book before me is 
Life: The Science of Biology, by Purves 
and Orians. While the only way a text can 
be properly judged is by using it in one’s 
own course, on reading alone this book 
gets high marks on all the criteria outlined 
above. It is organized in the conventional 

































with populations, and is written in a clear, 
straightforward manner. Each chapter has 
a brief but helpful preview and a useful 
summary at the end which is followed by a 
short bibliography and a few ‘‘study 
questions’’. As far as a single mortal could 
discover, it is up on all the latest, important 
discoveries. There is perhaps a slightly 
greater emphasis than usual on evolution 
and ecology, but the segment covering 
these topics is excellent. The illustrations 


mere five-and-a-half pounds. It compares 


way, starting with molecules and ending 
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1983), ane will no doubt give them stiff 
competition. 

The fifth edition of Kimball’s Biology is 
a good, solid and dependable book (what 
could be better evidence than the fact that 
this is the fifth edition?). In this instance 
the author lays stress on the fact that it has 
been appropriately modernized, and there 
is every evidence that the new material has 
been well integrated. 

Ritchie and Carola’s Biology, now in its 
second edition, is less appealing to me, 
although I can see that others may find it 
exactly suited to their tastes. It puts special 
emphasis on issues relating to human 
beings and in this sense it is less of a general 
biology text. For instance, development 
and reproduction are largely centred 
around ourselves, and human implications 
are stressed throughout, from genetics to 
acid rain. It even includes a discussion of J. 
F. Kennedy’s medical problems and a more 
alarming one on Napoleon Bonaparte’s, 
with the implication that they explain why 
he fell asleep during the battle of Waterloo. 
There are some strange omissions. 
instance, there is a clear, although brief dis- 
cussion of how hormones act on cells, but 
only peptide hormones are described; no 
mention is made of how steroids are 
received by target cells. 

I have one major complaint against all 
these books. For reasons I cannot fully 
control, I tend to examine carefully what a 
new text has to say about cellular slime 
moulds. It was most distressing to discover 
that Purves and Orians, Keeton and 
McFadden, and Kimball, all say something 
that is seriously wrong about these glorious 
beasts. Ritchie and Carola are the only ones 
that come away clean by not mentioning 
them at all. 

These errors about slime moulds are part 
of a wider phenomenon that stems from 





copying what is said in other texts rather «gy» 


than going to original sources. When I first- 
started to teach general biology years ago, 
many of the books said the largest plant 
was a brown alga (a kelp) that reached, by 
some accounts, a length of 1,500 feet. This 
bit of misinformation goes back into the 
last century and was repeated endlessly, in 
some instances into the 1960s, even though 
in 1915 T.C.Frye and his co-workers had 
firmly established the world record was 
about 150 feet. This is only a slight shift ina 
decimal point, and eventually the truth will 
out. Textbooks change mainly by cultural 
evolution, but in the cases of brown algae 
and slime moulds there is a closer 
resemblance to slow genetic evolution. «© 
As an addendum, a word about Pentz’s ` 
Biolab Book. | am no expert on labor- 
atory manuals, but I must say this one is 
quite special. It is well written (although the 
print is hard to read) and has most amusing 
drawings. I sincerely hope the laboratory 
exercises are equally good and turn out to 


| pe useful. rm 


di T. Bonneri is a Professor in the Department of 
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Paths to physiology 
Ole H. Petersen 


, Human Anatomy and Physiology. 

By Eldra Pearl Solomon and P. William 
Davis. 

Saunders: 1983. Pp.794. Hbk $33. 95, 
£24.95; pbk £11.95. 


Animal Physiology: Mechanisms and 
Adaptations, 2nd Edn. 

By Roger Eckert and David Randall. 

W.H. Freeman: 1983. Pp.830. Hbk 
$32.95, £30.95; pbk £19.95. 


Animal Physiology: Adaptation and 
Environment, 3rd Edn. 

By Knut Schmidt-Nielsen. 

Cambridge University Press: 1984. 
Pp.619, Hbk £15, $29.95; pbk £12.95. 

General and Comparative Physiology, 
3rd Edn. 

By William S. Hoar. 

Prentice-Hall: 1983. Pp.851. 
$32.95, £31.30. 


Human Physiology. 





“yr Edited by Robert F. Schmidt and 


Gerhard Thews. 
Springer-Verlag: 1983. Pp.725. DM98, 
$39. 20. 


nents es 


PFLUGER, the founder of the oldest extant 
physiological journal, insisted that as the 
science of living matter physiology could 
not be divided into physiological physics 
and physiological chemistry. However, to 
a certain extent this has happened. 
Physiology courses now generally do not 
include biochemistry, the practice being 
reflected in most current textbooks. None- 
theless the borders between physiology and 
biochemistry are ill defined, particularly in 
areas such as membrane transport, neuro- 
biology and endocrinology — all amongst 
~g the growth points in the life sciences, 
™ The authors of the five basic textbooks 
under review follow different paths in this 
respect. The most elementary of the books, 
Human Anatomy and Physiology, 
includes substantial amounts of (basic) 
biochemistry, whereas at the other end of 
the spectrum Human Ph ysiology contains 
virtually no biological chemistry leaving, 





for example, the chapter on endocrinology 


with bleeding wounds. _ 


Human Anatomy and Ph ysiology is a 


new textbook (as opposed to a new 
edition), mainly designed for introductory 
courses in the health sciences. It has a 
trendy appearance, with many coloured 
diagrams and various boxes with special 
inserts, and at the end of each chapter one 


finds summary, “post-test” and review | 


questions. Each chapter is also preceded by 
an outline, learning objectives and key 
terms. The illustrations are of good 
quality; many are excellent. The book is 
comprehensive at a very basic level and 
could well become a popular choice for 
nurses as well as different categories of 

medical technologists. There are, however, 





some misleading statements and factual 
errors. These are particularly conspicuous 
in the areas of cellular physiology and 


Should be corrected in future editions. 


The two versions of Animal Physiology 
as well as General and Comparative 
Physiology are designed for science 
students taking physiology courses within 
departments of physiology or zoology. Of 
the three, Eckert and Randall’s book, now 


| appearing in its second edition, is by far the 


most impressive. It has already acquired a 
solid reputation which is bound to grow 
further since the authors do indeed, as 
claimed in the preface, * “develop the major 
ideas in a simple and direct manner 
stressing principles and mechanisms. . ere 
The standard of presentation is very high 
indeed, the figures being instructive as well 
as visually attractive. Each chapter ends 
with a summary and exercises; and in 
addition to a reading list, directing students 
to important reviews and books, there is a 
set of references (on the whole up-to-date) 
actually cited in the text. Many of the 
chapters are far superior to the treatment 
found in other textbooks, including those 
intended for medical students (for 
example, Chapter 11 on chemical mes- 
sengers and regulators contains a clear 
description of the role of cyclic AMP and 
Ca’** as intracellular messengers for the 
action of hormones, something sadly 
lacking in most other texts). I recommend 
this book without reservations, first of all 
to the physiology students it is intended 
for, but also to medical students as a sup- 


plement to their standard reading. 
Schmidt-Nielsen’s well-known Animal 


Physiology, now in its third edition, is a 
somewhat briefer account with more 
emphasis on adaptation and environment. 
The text is straightforward without any 
gimmicks. However chapters dealing with 
several important areas, for example 
neurophysiology, are lightweight. A 
particularly unfortunate figure, schemat- 
ically illustrating Synapses that effect 
electrical and chemical transmission, has 
the latter labelled as a “tight junction’?! 
Hoar’s General and Comparative 
Physiology, also in its third edition, is 
comparable in length and cost to Eckert 


and Randall’s Animal Physiology but | 


cannot stand up to the competition. The 


_ layout, quality of figures, clarity and depth 


of treatment as well as the references are all 
inferior. It is nevertheless a solid book, 


containing good chapters on homeostatic | 


mechanisms and endocrine regulation of 
reproduction. 

Human Physiology is a good English 
translation of Schmidt and Thews’s text- 
book which has appeared in numerous 
German editions. Although there is already 


an impressive number of English and | 
American textbooks for the large medical | 


market, this one could eventually become a 


best-seller. The presentation is excellent. 
The figures are of a uniformly high 


standard (mostly they are schematic, in 


black, grey, white and red, but with 


will be good enough for some pot 


physiological concepts. Do ph 


Physiology at the University o 










original records included as required), 
genuinely help understanding and are: vell 
neuroscience and the accounts of 
cardiovascular and respiratory system 
in my opinion superior to those i 

able medical physiology textboo! 


purchasers and Human Physi 
seen by many dental and me 
as a good first choice of textbo 
subject. ace 
It is therefore annoying that itis not pos- 
sible to recommend the book without reser- 
vations. The balance is not right. Almost 
exactly half of the book (328 pages) is taken 
up by the nervous system. AS a conse- 
quence, other areas — some of them of 
immediate importance in the study of 
internal medicine — are unacceptably 
neglected. Two areas are very badly hit: the 
gastrointestinal tract (22 pages) -and the | 
endocrine system (29 pages). The chapter | 
on the function of the gastrointestinal 
canal conveys the completely wrong | 
impression that this field is a backwater of | 
physiology on which new technologies, for 
example in cellular physiology; have made — 
little impression. The references. listed at 
the end of the chapter do not help very 
much as they are rather dated. The endo- — 
crine chapter, however, iş the worst. 
Incredibly, mechanisms of action receive — 
only about 200 words, with the unsatis- 
factory excuse that this is an area discussed _ 
in biochemical and specialized texts. This 
certainly is not in line with. the course 
requirements of most medical-school. _ 
Physiology departments in the United — 
States and Britain. The sections on special 
endocrinology are also too brief and are _ 
unsatisfactory as seen, for example, inthe _ 
superficial treatment of the pancreatichor- _ 
mones and the control of blood glucose. - 
These deficiences must be rectified if the — 
book is to achieve the success it otherwise Ae 
so richly deserves. EE 
Authors of physiology textbooksarenot 
known for taking up new ideas quickly. Itis 
nevertheless sad that although the books ee 
reviewed all describe in some detail the _ 
electrical membrane characteristics of 
nerve and muscle cells, proclaiming this 
area as one in which some of the triumphs __ 
in physiology have been won, none of the 
authors seem to have appreciated the 
impact that patch-clamp single-cha 
current recordings could have at the level of 
undergraduate teaching. It has been my 
experience that the molecular approach to . 
membrane physiology, with an emphasis 
on specific ion pathways studied at the level 
of single-channels, makes it much easier 



















for the student to understand basic electr 


textbook authors have to wait unt 
and Sakmann have been awarde 
Nobel Prize before they take into ac 
this revolution in neurobiology? -= 
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A Biologist’s Basic Mathematics. 

By David R. Causton. 

Edward Arnold: 1983. Pp.216. 

_ Pbk £7.50. 

Differential Equations and 

_ Mathematical Biology. 

By D. S. Jones and B. D. Sleeman. 

George Allen & Unwin: 1983. Pp.339. 
£15, $35. 

Introduction to Dynamics. 

By Ian Percival and Derek Richards. 

Cambridge University Press: 1983. 
Pp.228. Hbk £18.50, $35.50; 
pbk £7.95, $14.95. 
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LOOKING at this collection of books as a 
biologist, it rapidly becomes apparent that 
they divide into three steps of 
mathematical complexity. D. R. Causton 
is a biologist who has written an 
introductory text containing material for a 
first-year biology undergraduate who has 
an average pre-university education in 
mathematics. The second step is D. S. 
Jones and B. D. Sleeman’s text: this book is 
a mathematical introduction to differential 
equations with biological applications, 
clearly written by mathematicians with 
biologists in mind. Finally, I. Percival and 
D. Richards’s book is mathematical, with 
few concessions to the biologist. Biology 
features in it purely as one area of the 
application of stability theory. 

Many topics are considered in A 
Biologist’s Basic Mathematics: numbers, 
indices, logarithms, a whole diversity of 
straight line and curved functions 
(including the exponential curve and plant 
growth curves), calculus and matrix 
algebra. The text is generally clearly written 
and, section by section, there are worked 
examples of the application of the 
mathematical techniques in some area of 
biology. I would, however, criticize the 
-Jack of biology in some of the explanations. 
For example, first and second derivatives 
are introduced by considering a marble 
rolling following acceleration (a) given by 
< a=3(T-28, where f is time and T is the 
position where the marble comes to rest. 


< The reason for this particular acceleration 


in a non-biological example is not 
~ mentioned when the example is intro- 


“duced. The book contains no statistics, | 


instead concentrating on the models 
<. underlying many biological concepts. 

oa The introductory chapter of Differential 
Equations and Mathematical Biology 
© contains examples of three areas of the 
application of differential calculus — 
~~ growth of. cells in culture, growth of 


= populations and metabolism of drugs. The 





partial differen iale 


P ig 


second chapter, which is particularly well | 
vritten, then explains much of the) 
nology. The remaining 12 chapters | 
each address either a topic in differential | 
equation theory (first-order systems, 
















equations), or an 


transmission, epidemic spread, predator- 
prey interactions). For most biologists, this 
is a reference book where a selection of four 
or five chapters (introductory, technical, 
and in their research area) will suffice. 
Although it was with some trepidation 
that I looked at Introduction to Dynamics, 
the first chapter was reassuring. Here, 
Percival and Richards give a beautifully 


clear introduction to dynamics, discussing | 


why scientists should be interested in the 
stability properties of their equations, and 
explaining the terminology. Although 
short, it provides a useful education for 
many non-numerate biologists. The 
following two chapters are also intro- 
ductory, dealing with transformations, 
including rotations, and second order 
autonomous systems. Thereafter, the 
going becomes tougher — Hamiltonian 
dynamics come to the fore, and the fourth 
chapter introduces such systems with one 
degree of freedom. A collection of five 
chapters then deal with the more 


Nervous comparison 
Adam M. Sillito 


Test Your Understanding of 
Neurophysiology. 

By R.W. Murray. 

Cambridge University Press: 1983. 
Pp.291. Hbk £25, $49.50; pbk £8.95, 
$16.95, 


Neurobiology. 

By Gordon M. Shepherd. 

Oxford University Press: 1983. Pp. 6il. 
Hbk $49.50, £35; pbk £15, $24.95. 


Physiology of the Nervous System. 

By David Ottoson. 

Macmillan Press, London/Oxford 
University Press: 1983. Pp.527. 
Hbk £30, $45; pbk £15, $27.95. 


The Structural Basis of Neurobiology. 

Edited by Edward G. Jones. 

Macmillan Press, London/Elsevier, New 
York: 1983. Pp.417. Pbk £12, $19.95. 
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WE ARE rapidly approaching the situation 


where students may justifiably claim to be 
_ overwhelmed by the choice of neuroscience - 
- textbooks. This abundance of riches is mis- 


leading, however. With some exceptions, 
even quite standard neuroscience texts 


have a notably different emphasis; indeed, 


certain of them are of very limited appeal 
and can only be considered for specialist 
courses. 

The new book by R.W. Murray falls into 
the latter category, despite its wide-ranging 


invitation to Test Your Understanding of | 
Neurophysiology. This unusual, and in its 
early chapters rather archaic text, covers a 
‘restricted range of topics derived from the 
course given in the author’s department at 


equations, evolutionary , 
application in biology | 
| (heart beat, tumour growth, nerve impulse 






















mathematical topics — Lagrangians, the 
theory of transformations and 
perturbation, angle-action variables, 
oscillation — and the two concluding 
chapters are more applied, covering linear 


systems and chaos, the latter making ~ 


reference to the work of R. M. May in the 
mid-1970s. 7 
Despite their different mathematical 
levels, all three books follow the common 
pattern of having a collection of exercises 


at the end of every chapter, and of making 


virtually no reference to other published 
sources (except for Chapter 3 of 
Differential Equations). This latter point 
makes it more difficult to delve deeper into 
the subject, and in particular mars 
Causton’s introductory book. The 
treatment of the exercises also reflects the 
levels of the book: Causton- gives 
reasonably complete notes and solutions, 
Jones and Sleeman give rather bare 
answers, whilst Percival and Richards 
provide no solutions at all. G 
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M. B. Usher is Senior Lecturer in the Departe 


ment of Biology, University of York. 


the University of Birmingham, U.K. The 
approach is somewhat biophysical, but 
lacks depth and coherence. 

The unique feature of this book is its sub- 
division into an initial set of introductory 
chapters, followed by a section which poses 
problems based on specific experimental! 
situations which challenge the application 
of the knowledge acquired by the student. 
Whilst all this is very laudable, the result is 
a rather dry and inconsistent presentation 
which is unlikely to stimulate the interest of 
any but the most dedicated of students. On 
the other hand, the book may be useful to 
course organizers seeking to utilize some of 
the tests so thoroughly analysed in its latter 
part. ow 
In contrast to the limited scope of- 
Murray’s book, Gordon M. Shepherd’s 
Neurobiology attempts the daunting task 
of constructing a unified overview of the 
functional organization and development 
of vertebrate and invertebrate nervous 
systems. Anyone who has read Shepherd’s 
Synaptic Organisation of the Brain 
(Oxford University Press, 2nd Edn 1979) 
will turn to this new work with high expec- 
tations; they will not be disappointed. The 


comparative information, so lucidly 
developed, provides a perspective which 


has not been attained by anyone else 
writing at this level; it certainly goes some 
way to fulfilling the author's stated 
objective of encouraging the synthesis of a. 
body of basic principles in neurobiology. 
This is not a book that loses its instructive 
impact in a morass of generalities, the 
material being covered in sufficient depth 


for it to be more than adequate as a basic 
text for many undergraduate neuroscience 
‘courses. The information on higher verte- 
brates and man is not only wellelaborated = 
and up to date, but is presented in a way — 
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that encourages thought. and comparison 
with other nervous systems. Another 
attractive aspect of the book is the effort 
that is made to delineate the link between 
neuronal organization and behaviour. 

There are some gaps, however. For 
example, the coverage of the visual system 
seems unreasonably brief given that this is 
one of the areas in neuroscience where we 
are closest to establishing a fusion of 
structure and function. Is this a reaction to 
the over-representation of the visual 
system in other texts? 

Although Erasmus Darwin, amateur 
meteorologist, physician and poet, is well 
known as the author of Zoonomia, I did 
not realize that he was also responsible for 
the over stimulation theory of pain. 
Delightful titbits of information such as 
this abound in David Ottoson’s scholarly 
and very readable Physiology of the 
Nervous System. In approach the book is 
rather old-fashioned, with a strong 
historical content, and there is an 
abundance of clinical information for 
medical students; but it is thorough and 
æ generally up to date with few obvious inac- 
“ye curacies, and should encourage interest in 

the subject. 

On the debit side, much of the infor- 
mation is organized in a way that neces- 
sitates reading a large part of the book to 
grasp such primary topics as motor 
control, somaesthesia and pain. I suspect 
that this will not endear it to weaker souls 
amongst the hard-pressed medical students 
seeking to keep aboard the daily treadmill 
of lectures and tutorials. Nonetheless, for 
those prepared to work with its format the 
book has much to offer and is likely to be 
retained for reference. 

Most neuroanatomical texts at the 
undergraduate level tend to concentrate on 
the organization of tracts and the gross 
morphology of the brain at the expense of 

yw. any detailed treatment of its cellular organ- 

=" ization, This is unfortunate; our growing 

appreciation of the function of the nervous 

system requires an understanding of the 

patterns of its synaptic connectivity. This 

need has been anticipated by the editor of 
The Structural Basis of Neurobiology. 

This book is derived from parts of the 
latest edition of another textbook, 
Histology: Cell and Tissue Biology (see 
p.121 for review). Two sections from the 
original work, “The Cell” and **Nervous 
Tissue’’, are included together with a new 
account of the special sense organs. Whilst 
it does not cover any really new ground, the 

F book provides a thorough background to 
Pf neurocytology and certainly achieves the 
editor’s objectives. It is a pity that the 















opportunity was not taken to update the 


section on nervous tissue in light of some of 
the issues raised by current functional and 


neurohistochemical studies; but perhaps 


the next edition will see to that. E 
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Adam M. Sillito is a Professor in the | 
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TEXTBOOKS 
Past psychology 
P.E. Bryant 


A History of Western Psychology. 
By David J. Murray. 
Prentice-Hall; 1983. Pp.428. 

= $35.05, £24. 65.. 








STUDENTS of A tend to be fascin- 
ated only by the most recent theory or 
experiment. Everything that went before is 
rapidly discarded and even despised. There 
are a number. of reasons for this. easy 
contempt for the past. One is that there 
have been many blind alleys in psychology. 
But perhaps the most pressing reason for 
the general unpopularity of courses on the 
history of psychology is that it is so forbid- 
dingly complex. There cannot have been a 
subject about which so much has been 
written from so many points of view. 

A mere glance at David Murray’s 
account of psychology’s precursors. is 
enough to show that. He starts with pre- 
Socratic philosophy, gives a fair account of 
Plato and Aristotle and their immediate 
successors, has some interesting things to 
Say about the Middle Ages and early 
Christianity, and then settles comfortably 


James who did no Apenma 
















into his stride with the famili 
Locke, Hume, Descartes, Lei 
Spinoza. Not until half-wa: 
book does he reach the emerge 
Spee psychology at the end 


much to say about psychologists su 


history of ideas į in psychology : 
fair and clear, though. often. 
hurried account of them, and will ea 
help to anyone who wants to follor 
many different currents of thought that le 
to the modern conception of the subject 

There area few weaknesses. The author 
does not make many connections, though _ 
several call out to be explained. For — 
example, what is the point of talking. about — 
Kant without describing the great influence _ 
that he had on psychologists such as __ 
Piaget? And why juxtapose accounts of Ce 
gestalt psychology and behaviourism _ 
without also describing the formidable _ 
struggle between these two violently _ 
opposed schools of thought — a struggle | 
which is relevant to a number of | 
psychology’s current concerns? Boa 
P.E. Bryant is Watts Professor of Experimental 
Psychology at the University of Prora EEROR 


Ideas of cognition 
K. Stenning 








Thinking, Problem Solving, Cognition, 
By Richard E. Mayer. 
W. H. Freeman: 1983. Pp.426. 

Hbk $27.95, £25.95; pbk $14.50, £16.95, 

Learning and Memory. 
By Donald A. Norman. 
W. H. Freeman: 1982. Pp. 129. 

Hbk $16.95, £15.95; pbk 38.95, £7.95. 
The Psychology of Cognition, 2nd Edn. 
By Gillian Cohen. 

Academic: 1983. Pp.277. Hbk £17, $32: 
pbk £8.50, $16. 

Sc ah 

THE problem of choosing a textbook for a 

course in cognitive psychology is classified, 

as at least the first two of these books 


- would tell us, as one with ill-defined initial 
_ State and ill-defined goal state. However, 


our three authors’ protocols allow us to 


reconstruct a good deal of their diverse | 


conceptions of what the problem might be. 

Mayer conceives of it as a problem of 
surveying a space — namely, experimental 
psychological research on the higher 
mental processes — and therefore 


_ requiring an organizing principle, that of | 
history. As a surveyor he is. fairly 


comprehensive but the history is of a 
peculiarly narrative kind. The twin poles of 


association and. gestalt are used to. 


introduce the topic, with deference to the 
ancestors’ beliefs that they were two 


| mutually exclusive theories of mind. They | 
R Sorar mpanda T a erage 





; too-hasty attempt to provide the details « 
_ the answers. If students were to be require 
-to develop much sensitivity to. theoretical: 
_ alternatives, they would need to be referre 





including far more — = ide: 


‘worthy construction “meaning theory”? 


which seems later to be somehow distinct 
from ‘‘schema theory’? but neither seems 
well enough defined for students to judge _ 
the issue for themselves. Mayer is. best 
where the field is best organized, worst _ 
where it leans most heavily on related So 
intellectual endeavours such as logic. It is 
the fate of the surveyor to reflect the object o 
of survey. pie 
Norman sees the problem as one of 
reminiscence — in pursuit of research past 
— and who could blame the reminiscence _ 
for belonging mainly to its pursuer? What 
searcher in memory’s vault would be lured __ 
towards the comprehensive? Here is a 
highly personal conception of a subject 
that. might well raise, for the beginner, 
some of the important questions of the _ 
field, and so much the better for omitting a. 
















elsewhere, outside Norman’s own. ‘texts. 
perhaps — a favour he amiodesdly declines, 
them. : 

Where better to turn than to Gillian 
Cohen’s primer on debate — the thinking: 
students’ guide to the study of thinking 
She begins with an account of the rules: an 
principles — the organizing issues — 
then pursues them through severe 
chosen areas of cognitive psycho 
merciless eye for all those psycholo 
theories which pass each other by withou 
the much-heralded clash of armot 
eschews comprehensiveness i 
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sundry intellectual approaches fit together. 
The result is a much harder book that 
requires and encourages exercise. Here, for 
example, is an account of what association 
and gestalt might really have to do with one 
another. It is also a book that begins to be 
able to offend, or at least to engender 


disagreement. It seems to me that the early | 


discussion of the ‘computer metaphor” 
fails to benefit from the still earlier 
discussion of the hardware-software 
distinction. The relevant comparisons are 
between subject and software, and so the 
disanalogies between wetware and hard- 
ware do not score their points. 

Along related lines, I would complain 
about the message of the last chapter on the 
study of the brain’s implementations. The 
chapter reveals two things: what little we do 
know about the brain comes because we 
have studied language functionally; and 
how little the study of the brain has taught 
us about the functional organization of 
language behaviour. But then this book 
puts at least the brighter students in a 
position to complain for themselves. G 





K. Stenning is a Lecturer in the Departmen! of 
Psychology and in the School of Episternics at 
the University of Edinburgh. 





Traces of science 


David M. Knight 


Science and the Making of the Modern 
z World. 

By John Marks. 
Heinemann Educational: 1983. Pp. 507. 

Hbk £19.50, $23; pbk £9.50. 

Science and Social Change 1700-1900. 
By Colin A. Russell. 
Macmillan Press, London/St Martin’s 
Press, New York: 1983. Pp.307. 
Hbk £15, $25; pbk £5.95. 
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Joun Marks’s boldness in depicting world 
science from the ancient Greeks to the 
present has paid off. His lavishly- 
illustrated textbook, written in easy, 
didactic prose and based on secondary 

- sources, describes how disciplines have 
_ changed and what is special about science. 
© He picks out the stars: we have Lyell, 
~ Müller, Edison and the Royal Society, but 
<i not Murchison, Baer, Ohm or the BAAS. 
. A genial tone of common sense pervades 
~~ the volume, leading us to the conclusions 
that science is now indispensable, whether 
- we like it or not; that its characteristics of 
_ open criticism, pluralism and tentativeness 


fit best with democratic societies; that 


~ government direction will not work; and 
that what the history of science shows is 
_ evolutionary rationalism and spontaneous 


piecemeal improvement, but nosimple and 
niversal method. 





-ordering — that is, trial and error with | 


‘This tone might alarm those, to the left 


‘of Marks, who see science primarily as a | Durham. 





method of social control, used to achieve 
or retain power and to generate deference 
in the working class. Especially for science 


during the Industrial Revolution, literary | 
and philosophical societies have been seen | 


as legitimizing élites while mechanics 
institutes produced ‘Uncle Tom” work- 
men. Colin Russell engages with this view 
— which can sometimes seem plausible — 
in his new book. In contrast to Marks, 
Russell concentrates on a 200-year period, 
and on Britain, the first industrial nation, 
though with chapters on France and 


Germany for comparison. Because of this | 


narrower range, he can go deeper into 
questions, and his study is based on 
original material. It is particularly strong 
on chemists and naturalists, and their local 
and national societies. 

Russell and Marks agree that early tech- 
nology was a matter of trial and error 
rather than of science. Although the 
benefits of science were therefore hard to 
see much before 1850, Russell shows that 
the rhetoric of “useful knowledge” proved 
very powerful, not only with the mighty but 
also with Radicals and Dissenters. No 
distinction was made in the early nine- 
teenth century between pure and applied 
science —- to be applied, science had to be 
understood, which was (and is) difficult — 
but ‘“‘science’’ and ‘‘trade’’ were dis- 
tinguished. Elementary courses at 
mechanics institutes minimized theory, but 
did not confine themselves to awe-inspiring 
sciences such as astronomy: disorderly 
ones, chemistry and engineering for 
example, were also prominent. 

Until recently we took government 
support for research and for universities 
for granted, but Russell shows how contro- 
versial this was a century ago. The (some- 
times wealthy) amateur remained impor- 
tant; government money, as at Kew, meant 
control; self-help, using string and sealing- 
wax, was a living tradition; and private 
benefactions seemed a less sordid source of 
funds than politicking. The complexity of 
scientific institutions, and the impossibility 
of making easy generalizations about 
them, emerges from Russell as he charts the 
growth of specialization and of profes- 
sionalization in its various senses. 

For anybody wanting to know how 
scientists came to be the way they are, as 
science changed from a hobby to cultural 
leadership, his book can be unreservedly 
recommended. For the student, there is 
something to be said for the enormous 
canvas and broad strokes of Marks; but 
there are also good arguments for the close 
study of a briefer period, where we can see 
the normal as well as the outstanding and 
really come to grips with change and con- 
tinuity through time. Both books well 
justify the view that to understand the 
complex activity called science we need an 
evolutionary, historical, perspective. £ 


a | 


David M. Knight is Senior Lecturer in the { 


Department of Philosophy, University of 
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Practical ends 





David Cohen 


New Essential Psychology, a series*. 

General editor Peter Herriot. 

Methuen; 1984. Each book pp. 150-200. 
Pbk £2.95, $4.95. 

Learning Theory and Behaviour 
Modification. 

By Stephen Walker. 

Cognitive Development and Education. 

By Johanna Turner. 

Selves in Relation: An Introduction to 
Psychotherapy and Groups. 

By Keith Oatley. 

A Ra i Aa EENEI eee cas alata ee 

WHEN psychology developed into a distinct 

discipline around 1900, many of its early 

stars thought that it would blossom into the 

science to affect life. It was not long, 

however, before psychologists scurried 

back into the laboratory. Indeed, in the 

1970s one social psychology journal 

published annual figures which showed 





that well under 5% of studies examined * > 
behaviour in the field. Since then, +4 


however, there has been a modest shift in 
attitudes, and many psychologists have 
again begun to take an interest in real 
behaviour in the real world. 

The blurb for New Essential Psychology 
blazons the fact that it is out ‘‘to demon- 
strate the futility of [the] distinction” 
between pure and applied research. This 
sounds good. The next part of the blurb is, 
however, just untrue. We are told that 
‘most major advances in psychology have 
resulted from its use for practical 
purposes’’. In fact, most work in learning 
theory, one of the most fruitful areas in 
psychology, has theoretical roots. And 
while one currently exciting field, 
developmental psychology, suggests that 
babies are born much more able than we ‘yf 
have thought, there was no practical 
purposes to inspire the work. Much of it 
was a reaction to Piaget’s ideas and yet 
another round in a long theoretical battle. 

Having become suspicious about the 
philosophy of the series, I was pleasantly 
surprised by Stephen Walker’s Learning 
Theory and Behaviour Modification. 
Walker gives a good account of the latest 
research, including that on the limits of 
animal intelligence. There are also 
entertaining chapters on how Watson 
affected advertising, on Skinner’s 
behaviourist Utopia and on the way that 
learning theory did lead to behaviour 
therapy which may well be the best cure for 
phobias. But even Walker fails to comment. 
on the fact that it was work with the rats in 
the laboratory — all of it stemming back to 
Pavlov — which led to practical help in the 
clinic. 

The other two books covered here are 











‘onment and Behaviour, by 








Interaction and Its = 
agan, and Instinct, > 







Naturally 
good 
ooks 






Forthcoming in 1984 


+ a y 


THE EXPERIENCE 
OF SCIENCE 
An Introductory Textbook 


by Inge Goldstein and 
Martin Goldstein 
Written as a textbook for use by nonscientists 


and students of science, this book explores the. 
scientific approachdetailing how to recog- 


nize it, how to distinguish it from other ap 
proaches to understanding the world—to give 
some feeling for the intellectual excitement and 
aesthetic satisfactions of science. To aid the 
Student, problems are developed, laboratory 





experiments described, and Suggestions are. 


made for additional reading and for term 
papers and other projects. 
0-306-41538-0/approx, 525 pp./ill/1984 


Circle No.62 on Reader Service Card. 


THE PARVOVIRUSES 

edited by Kenneth I. Berns 

Highlighting recent progress in a new and excit- 
ing area of research, the contributors to this 
volume examine the DNA structure and repli- 
cation of adeno-associated virus, the DNA struc- 
ture and replication of the autonomous parvo 
viruses, parvovirus transcription, variant and 
defective interfering. parvoviruses, parvovirus 
proteins, the biology and pathogenicity of au- 
tonomous parvoviruses, and the canine par- 
vovirus. A volume in the series The Viruses, 
0-306-41412-0/424 pp /ilL/1984/$59.50 - 
(571.40 outside US.& Canada) 

Circle No.63 on Reader Service Card, 


MANY-BODY THEORY 
OF SOLIDS 

An Introduction 

by John C. Inkson 


This introductory textbook can take a student 
from the elementary quantum mechanical 
ideas of the single-particle Schrodinger equa- 
tions through the formalism and new physical 
concepts of many-body theory to the level 
where he or she is equipped to read the scien: 
tific literature and specialized books of specific 
topics. The volume stresses the physical: as- 
pects of the mathernatics, preferring, where 
possible, to introduce a technique by using a 
simple illustrative example rather than develop- 
ing @ purely formal treatment 
0-306-41326-4/338 pp./ill/1984/$29.50 
($35.40 outside US & Canada) 

Circle No. 64 on Reader Service Card. 











SYSTEMS ; 
edited by Shi-Kuo Chang 
From the Preface: 


“Recent advances in computer : technolog 
data communications, database systems 


fice automation, and knowledge engin 
have made possible the design of ver : 
ticated information systems. However, rapid | 
technological advances also create many | 
problems, not the least of which is the lack of | 
integration among the various disciplines in | 
information system design. Without such inte- 1 
gration, a costly computer-based information | 
system. is ‘at best partially useful and at worst | 
totally useless.” ee | 
The contributors to this volume examine the | 
various issues involved in designing manage | 
ment information systems, decision support | 
systems, and office information systems for | 
increasing productivity and providing decision | 
support A volume in the series Advances in a 
Management and Information Systems. ad 
0-306:41447-3/474 pp. + index/ill/ E 
1984/$59.50 

($71.40 outside US & Canada) 

text adoption price on orders of 

six or more copies: $35.00 

Circle No.65 on Reader Service Card. 
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-of pteridines with special regard to the discovery of 


-Nucleo-Mitochondrial 


Proceedings of a Conference held in 
Schliersee, Germany, July 19-23, 1983 


and the import of proteins into mitochondria. The 
3 volume summarizes in three review articles our current 
~~ knowledge of mitochondrial genes, mutants and maps, 
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The papers inthis book are a continuation of the topics 
dealt with in volume 1. The book contains contributions 
from the mostrecent research inthe clinical application 


different forms of tetrahydrobiopterin. 
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Editors R. J Schweyen, K. Wolf, F. Kaudewitz 


1983. 17 cm x 24 cm. XXV, 648 pages. Numerous illu- 
strations. Hardcover. DM 240,~; approx. US $85.75 
ISBN 3 11009871 7 


The present volume is devoted to the interaction 
between the nucleus and the mitochondria in euka- 
ryotic organisms, with the emphasis on lower euka- 
ryotes. It deals with the replication of mitochondrial 
DNA, the initiation of transcription and RNA processing, 
the organization and expression of mitochondrial 
genes, the nuclear control of mitochondrial functions, 


mitochondrial gene expression, and import of mito- 
chondrial proteins. The major part of the volume 
comprises summary articles on the current status of 
research of groups working in this field. 
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IDEALS AND REALITIES 

Selected Essays of Abdus Salam 
This is a collection of writings of Prof, A. Salam, Nobel Laureate 
of Physics, 1979. The writings touch on many themes, and discuss - 


the social and economic dimensions of science, Difficulties faced _ | 


by scientists in developing countries and their solutions are also 
given some insightful analyses. ‘There are also interesting accounts - 
of the International Centre for Theoretical Physics, Trieste, Italy 
that Prof. Salam founded, and science in Islamic nations. 


Hard: 9971-950-87-1 
Soft: 9971-960-88- X 


| CHING, THE ORACLE 
By Kerson Huang (MIT) 


CONTENTS: Introduction; Legend of the I Ching; The Legacy Of 
Confucius; Digging For The Facts; Using The I Ching; I Ching 
Talk. 

This book contains a dramatic and revealing translation of this 
ancient classic into English. The Chinese original is set side-by-side 
with the translation. Two things set this translation apart from all 
previous ones. First, archaeological findings are used to uncover 
the meaning of passages obscured for thousands of years. Second, 
it preserves the flavor of the original in a poetic rendition. 


*US928.00 Epp 
*13§$14.00 


Hard: 9971-966-24-7 
Soft: 9971-966-25-5 *US$12.00 


EYE OF THE HURRICANE 

An Autobiography by Richard Bellman 
Prof, Bellman is a leading and very active mathematician. At 
present, he is a professor of mathematics, electrical ‘engineering 


and medicine at the USC. The story traces the tortuous path 
he followed from Brooklyn College to Princeton. 


Hard: 99717-966-00 -% #t3$$28.00 Opp 
Soft: 9971-966-61-8 *US$14.00 


30 YEARS’ REVIEW OF CHINA’S SCIENCE 
& TECHNOLOGY (1949/79) 

The First and Only Review on China’s 
Science and Technology Since 1949 
(English Edition) 


“This is a useful book...it is a review of China’s Science and 


Technology by some of China’s most prestigious scientists, The < : ` 
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severe disappointments in their different 
ways. Johanna Turner’s Cognitive 
Development and Education is largely a 
rehash of the work of Piaget and criticisms 
yy of him; Turner does not even cover 











ations about the 
whose cognitive 
but prefers to 
his ideas. She 
ons on practical 
adiness’’ but this 


narrow role of tea 
development is of 
take us, yet again 
does tack on a few ; 
topics such as ‘school 


is very traditional book which challenges 


no old distinctions. 

Keith Oatley’s Selves in Relation, which 
deals with psychotherapy, is a more novel 
failure. Much of the book centres around 
fictional case-histories, so that we now 
have a distinction between pure, applied 
and utterly invented psychology. As a 
fiction writer, Oatley is not very good as his 
suffering characters are more wooden than 
the virgins of Barbara Cartland. He is also 
too concerned with showing off as a 
radical. One would never guess that psy- 
chiatrists carry out much psychotherapy 
and that most ‘‘clients’’ are seen, in Britain 
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Old Americans 
Warwick Bray 








Ancient North Americans. 

Edited by Jesse D. Jennings. 

W.H. Freeman: 1983. Pp. 642. 
$27.95, £23.95. 

Ancient South Americans. 

Edited by Jesse D. Jennings. 

W.H. Freeman: 1983. Pp.414, 
$24.95, £21.50. 


tenner 


THE precursor of these two volumes was a 
single book, Ancient Native Americans, 
published as recently as 1978. In its day this 
ÆA “aS one of the best textbooks on the 
“market, though some of us (mainly those 
working in Latin America) grumbled thatit 
was aimed too specifically at North 
American university students, and also 
complained that the less fashionable areas 
of South America were ignored, 

The pace of archaeological research is sO 
fast nowadays that some revision would, in 
any case, have been ‘necessary, and the 
editor has taken the opportunity to split the 
work into two volumes and to commission 
completely new chapters on the north- 
eastern United States, the northern Andes 
(i.e. Colombia and Ecuador), and the 
south Andes (the Titicaca Basin and 

djacent parts of Chile). In addition, 


“Changing Directions of Archeological 
Thought’’, which appears in both volumes; 
this is one of the sanest and best balanced 
statements I have read for a long time. 
The original chapters, all of them by ack- 
nowledged specialists, have been exten- 
- sively revised in order to incorporate new 


- information, much of it unpublished, so 


ER that the reader feels he is getting his news 









Frank Hole contributes a new chapter on | 





TEXTBOOKS 
at least, in the context of some psychiatric 
care. Oatley tells us as well that he became 
bad-tempered while finishing the book so 
that we remember he is a human being 
whose subjective voice is crucial. We get, 
too, the now mandatory chapter on Lacan. 


| Given the philosophy of the series, it would 
have been nice to see some attention cee f By D.H. Tarling ee 
why psychotherapy became so popular in | ! oe a eer 
the 1970s and to the whole question of why | Chapman & Hall: 1983. Pp.379 
people feel impelled to change themselves. | 
Oatley does offer a sensible account of the | 
research into the effectiveness of therapy | 
for individuals and groups. Ironically, the 

_ book is best when it is conventional. 


As a whole, the series is a nice “selling 
idea”, as Watson coined the phrase, but it 
needs rather more thought and imagina- 
tion in its execution. A challenge to the 
dichotomy between pure and applied work 
is a worthy aim; however it will require 
re-doing much of psychology, not merely 
re-writing the results with an eye on the 
real world. E 


David Cohen is the Editor of Psychology News, 


hot from the field. Several papers go 
beyond mere textbook summarizing, and 
are serious contributions to scholarship. 
Sadly, though, there is still nothing on the 
Isthmian cultures or the southern part of 
South America. 

As well as Hole’s essay, the articles on 
Mesoamerica and on transoceanic contacts 
appear in both volumes. So out of the eight 
chapters in Ancient South Americans, 
three are duplicates, This verges on sharp 
practice, for the two volumes were clearly 
designed as a set, and all librarians (if 
not all students) will want to buy both of 
them. 

In other respects the new version 
preserves the virtues of the 1978 edition, 
with up-to-date information, literate text 
and generous and intelligently chosen illus- 
trations; excellent bibliographies appear at 
the end of each section, A major theme of 
these books, and one which will appeal to 
geographers and ecologists, is the relation- 
ship between man and the changing 


prehistoric landscape. How many archae- | 


ology books bother to show the reader. 


what a jiquima tuber or an extinct ground 


sloth actually look like? Within this general 
framework, some authors concentrate on 
problems of interpretation, while others 
show more interest in lists of artefacts, 
dates, sites and cultures. Such facts are 


essential, of course, but they do not speak | 
for themselves, and the sceptic might need | 
to be shown why it is worth the effort of | 


mastering all the detail. This, however, isa 
minor complaint. At a time when archae- 
Ology is becoming more popular, all 
teachers, university students, and the more 
informed amateurs, should be grateful for 
textbooks they can trust. E 








Warwick Bray is Reader in Latin American 
Archaeology at the University of London. 












: with the physical basis 


„and there is an additional chapter. on. 
. “Archaeological Applications”. Wellover. _ 


_ browse suggested to me that the book coul 


| Edinburgh. 







The magnetic p: 
K.M. Creer E 
Palaeomagnetism: Principles and 3 
Applications in Geology, Geoph 
and Archaeology. ee 









Hbk £25, $55; pbk £12.95, $29.95 


PALAEOMAGNETISM is a discipline that has- 
drawn in research workers with both 
physical and geological backgrounds. In- 
consequence, the subject now covers a very 


_ wide range of methods such that no single 


person can become a master of all of them. 
D.H. Tarling, the author of this book, is 
himself a geologist with many. years of 
research and teaching experience in palaco- 
magnetism, so one is not surprised to find 
his chapter on geological applications to be 
written with authority and the topics to 
have been well selected. One of the 
strengths: of his book, however, results 
from Tarling’s good fortune to be based in 
a Geophysics Department which ccon- 
stitutes part of a School of Physics, andhe 
has: clearly taken full advantage of the 
proximity of his physics-orientated — 
colleagues to test out his chapters dealing _ 
of the subject, — 
Magnetization processes in minerals and - 
rock assemblages, instrumentation and — 


Statistical methods. The Department of — 


Geophysics and Planetary Physics at the : 
University of Newcastle has played a 
leading role in both the development and _ 
the application of techniques in palaeo- 
magnetism and rock magnetism through 
the past quarter century or more, so one 
could hardly find a better environment 
from which an authoritative text could be | 
created. ae 
Although Tarling has followed ‘the 
overall plan of his earlier work Principles 
and Applications of Palaeomagnetism, o 
published by Chapman and Hall in 1971, 
this is very much a new book, While the | 
chapter titles are almost identical with 
those of the earlier book, the contents have _ 
been considerably expanded and updated, 



















1,000 papers are referenced and a quick 


be considered as a primary ‘text and 
reference source for the research worker _ 
specializing in Palaeomagnetism. Further 
perusal confirmed my initial impression 
and I recommend it strongly both to th 
research worker and to the post-graduate 
student interested in palaeomagnet 
Tarling’s new book has no ob 
nesses and compares most fave 
the current best-selling te: 
subject. i 










K.M. Creer is a Professor in and F 
Department of Geophysics, “On 





The two sides of 
mineralogy 
R.A. Howie 


Mineralogy: Concepts, Descriptions, 
Determinations, 2nd Edn. 
‘By L.G. Berry, Brian Mason and 

-~ R.V. Dietrich 

W.H. Freeman: 1983. Pp. 561. 
$35.95, £30.95. 


aaiae 


THE first edition of Mineralogy appeared — 


in 1959, so the book has long been due for 
an overhaul. This new edition has under- 
gone extensive revision, and is intended not 
only as a textbook for a first course in 
mineralogy but also as a reference work for 
geologists, pedologists, solid-state phys- 
icists and others who use crystallography 
or mineralogy in their work. 

Additions include brief accounts of the 
phase rule, phase equilibrium diagrams, 
Pauling’s rules, optical mineralogy 
techniques, and applications of the 
electron microprobe; sections dealing with 
-the gnomonic projection and blowpipe 
analysis have been discarded. Specific 
locality and production data, previously 
included in the minerai descriptions, are 
also omitted. 

The text falls into two main parts, the 
first dealing with crystallography, crystal 
chemistry, physical and optical properties 
and determinative techniques, while the 
second provides descriptions of some 200 


Ores in context 

C.D. Curtis 

Geochemistry of Sedimentary Ore 
Deposits. By J. Barry Maynard. 


Springer-Verlag: 1983. Pp. 305. DM69, 
$27.40. 








pattern — an introduction may identify 





- fundamentally different kinds of deposit, | the University of Sheffield. 





minerals. The latter section includes fairly 
extensive coverage of sulphides and 


sulphosalts, nitrates, borates, chromates, | 
molybdates, arsenates, vanadates and so | 


on, in addition to the rock-forming 
minerals of the oxide, sulphate, carbonate 
and silicate groups. The book may thus be 
compared with the second edition of M.H. 
Battey’s Mineralogy for Students 
(Longman, 1981; for review see Nature 
295, 464; 1982) and will be of particular 


relevance to students of mining and 


economic geology. 

Fairly minor criticisms are that the notes 
on the optical indicatrix and the determin- 
ation of optic sign are surely so brief as to 
provide little help to the student seeking to 
reproduce some of the optical data in the 
determinative tables (which form Part HI 
of the book). The concept of extinction 
angle is mentioned in Part I but no extinc- 
tion angles are listed in the descriptive 
sections, though cell parameters and space 
groups are given for each species. 

My overall impression of this second 
edition is that it has been considerably 
improved (the diagrams and line drawings 
are particularly clear) but that it is trying to 
cover too much. In view of the reluctance 
of some students to buy more than one 
book for each course it is no doubt sensible 
and certainly convenient to include 
techniques and properties together in one 
volume, but it leads to a rather superficial 
coverage of many topics. CI 


eaa 


R.A. Howie is Professor of Mineralogy ai 
King’s College, University of London. 


in which case each is treated separately, 
before Maynard leads on to discussion of 
mineralogy then geochemistry. Calculated 
equilibrium phase diagrams are used exten- 
sively — some familiarity with these is 
assumed — and there is also frequent 
reference to stable isotope geochemistry. 
Each section closes with descriptions of 
specific orebodies and an account of how 
they might have formed. 

Brief descriptions of numerous ore- 
bodies from around the world are included 
in the book and given a separate index — 
separate that is from author and subject 
indexes. The bibliography is extensive and 
up to date. I found these features very use- 
ful. My initial overall impression was that 


too much reliance had been placed on | 


equilibrium relationships amongst 
minerals, but this, perhaps, was unfair 
since Maynard gives an explicit appraisal of 
his approach and its limitations in the 
introductory chapter. 

I liked this book: it brings together 
traditional economic geology and modern 
geochemistry in a constructive way. I’m 
sure it will make a good textbook for a 
graduate course, which indeed is how it 
originated. a 

a 


Charles Curtis is Professor of Geochemistry at 
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Sediments, processes 
and time 


J.R.L. Allen 


Practical Sedimentology. 

By D.W. Lewis. 

Hutchinson Ross: 1984. Pp.229. 

Pbk $22.95, £22.25. 

Depositional Systems: A Genetic 
Approach to Sedimentary Geology. 

By Richard A. Davis, Jr. 

Prentice-Hall: 1983. Pp.669. 
$48.55, £34.15. 

Dynamic Stratigraphy: An Introduction 
to Sedimentation and Stratigraphy, 
2nd Edn. 

By Robley K. Matthews. 

Prentice-Hall: 1983. Pp.489. 
$44.50, £31.30. 


aea 





Tue extraordinary growth of interest in 


sedimentology over the past twenty years 
; aia Hew, 


continues to provoke the frequent publi- guy 
cation of new student texts. Their diversity 
of scope, aims and methods is a healthy 
sign in such a young subject, which has still 
to define its true identity and aims. Is sedi- 
mentology about the history of sedi- 
mentary deposits (the “stratigraphical” 
root of the subject), or is it largely con- 
cerned with the mechanisms and processes 
which at every level shape such deposits 
(the ‘* geophysical-geochemical-geobio- 
logical’ root)? The three books reviewed 
here draw strength in very different degrees 
from these two sources. 

In Practical Sedimentology we learn that 
the role of the sedimentologist is “‘to inter- 
pret the history of sedimentary deposits’. 
Dr Lewis’s book exemplifying this theme is 


in twelve chapters, covering environments 


and processes of sedimentation, textures "y" 
and composition of detrital sediments, ` 
sedimentary carbonates, evaporite 
deposits, iron in sedimentation, intro- 
duction to well-logging, map varieties and 
suggestions for fieldwork. 

It is good to see attention given in a 
student text to down-hole methods, but my 
unease about this book stems from its 
unimaginativeness and narrowness of out- 
look, and a feeling that the author had not 
decided whether he was writing a practical 
manual or a text to cover principles. The 
range of practical techniques described is 
limited and their treatment commonly 
superficial and lacking in illustrations. The 
lay-out adopted by the publishers is 


thoroughly confusing. There is no hint — 


that, using simple equipment and readily 
available materials, the student can explore 
experimentally many important sediment- 
ary phenomena, and thereby strengthen 


insight into what is essentially dynamic. 
Practical Sedimentology cannot be said to 
fit the bill for a modern and all-round 
manual of do-it-yourself laboratory and 
field sedimentology. my, ee 
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Depositional Systems is a systematic but 
essentially conventional treatment of sedi- 
mentary environments and facies in the 
context of stratigraphy. Dr Davis’s book is 


‘ comprised of sixteen chapters, partitioned 








ions which cover 
restrial, transitional 
ents. The concept 


into four main: 







underlying the author 
Brown-Fisher-Scott depositional system, 
that is, an assemblage of process-related 
sedimentary facies. This concept, intro- 
duced in the 1960s, is widely used in applied 
sedimentology, and therefore deserves to 
be put before undergraduates, but perhaps 
in a more critical manner than we find here. 
Under this concept, each system or 
environment is treated systematically, 
beginning with an account of its modern 
expressions in terms of processes and sedi- 
ments, and concluding with an outline of 
case-histories drawn from the rock-record 
in various parts of the world, 
Depositional Systems is detailed, 
accurate, attractively written and pre- 
sented, but essentially descriptive. It is 
aimed at no particular national market and 


r includes a well-balanced selection of sedi- 


: 
r 
2 É. k 






mentological examples. My most serious 
reservation concerns the author’s failure 
adequately to knit his depositional systems 
together at the basinal level and in the 
context. of modern geodynamical theory; 
but provided its limitations are recognized, 


Talk about the oil 
business 


B.W. Sellwood 


Petroleum Geology. 

By R.E. Chapman. 

Elsevier Science: 1983. Pp.415. Dfl. 115, 
$44.25. 


Sneen renee 


PETROLEUM geology is that branch of the 
earth sciences concerned with the 
discovery, evaluation and production of 
hydrocarbons. There is need for a textbook 
on the subject for senior undergraduates 
and the more general professional. This 
book is not it. Spe eae os 7 





AS a teacher I -require an up-to-date, 


well-organized account of exploration 
rationale and methods, prospect eval- 
uation techniques and production 
procedures, accompanied by example case- 


„histories ranging across the globe. 


etroleum Geology falls far short of fitting 


“the bill. It is repetitive, packed with | 


homilies, and the organization is poor with 


general and technical chapters being | 


littered throughout. There are also many 
inaccuracies; to give just two examples, 
land plants are asserted to have arisen in the 
Mesozoic (p.79) and “regression” is stated 
as being defined as lowering of sea-level 
(p.9). Some chapters seem strangely dated, 


_. Felying heavily on older literature (in 


’s treatment is the 


B. W. Sellwood is 
| University of R 


Dr Davis’s book deserves to find a wide 
audience. 

Dynamic Stratigraphy is the second and 
greatly improved edition of a book which 
appeared in 1974, and which was the first to 
include the adjective ‘‘dynamic’’ in its title. 


The main additions are a lengthy section 
_ concerned with the geodynamical context | 
of sedimentation, and the enlargement of 
another to embrace the evolution of sedi- | 


mentary environments throughout. the | Igneous Rocks. 


entire Phanerozoic. The book is in nineteen 
chapters, grouped into five parts: an intro- 
duction; sediments, time and the strati- 


_ graphic record; the geodynamical context 


of sediment accumulation; dynamics in the 
context of environment; and dynamics in 
the context of time. 

This attractive book is systematic, exact, 
quantitative and, above all, concerned with 
general models and root causes. The 
author has many perceptive things to say 
about sedimentology and stratigraphy and 
their practitioners which deserve to be 
widely read, discussed and acted on, and 
not just by university and college students. 
My only regret is that its intellectual appeal 
is undermined by an over-emphasis on 
North American work in the field of sedi- 
mentology. 0 
Sa 
JRL. Allen is Professor of Geology at the Uni- 
versity of Reading. 


Chapter 8, on petroleum reservoirs, only 9 
out of the 27 references cited post-date 
1970). In places, where things begin to get 
interesting, the reader is referred toan 
unspecified ‘‘specialist well-log analyst” 
(p.115). 

I cannot detail here my more specific 
reservations, but a few examples illustrate 
the range of problems. Sedimentological 
aspects of well-log evaluation and reservoir 
plumbing have been largely ignored, the 
dipmeter being dismissed in 32 lines. The 
thin account of drilling dwells on 
outmoded methods (cable-tool drilling) 
but ignores bit types and turbo-drilling, 
and dismisses cuttings as being ‘‘almost 


_ useless’’ (p.100) — which they are not, 
Chapter 7, which falls between chapters.on | 
borehole logging and reservoir evaluation, |. 





| Rock collection 





_ Edited by E.K. Walton, B.A.O. R 
_ M.H. Battey and O. Tomkeieff.. a 
Wiley: 1983. Pp.680. £49.50, $97.50. 








Reg Bradshaw 


Dictionary of Petrology. 
By S.I. Tomkeieff. 


By Daniel S. Barker. 
Prentice-Hall: 1983. Pp.417. 
$49.90, £35.10. 





FOLLOWING an abortive collaboration with 
A. Holmes to produce a second edition of 
Nomenclature of Petrology (1920) S.L. 
Tomkeieff conceived the idea of a diction- 
ary which would give the etymology of 
petrological terms, the development of any 
meanings with time, and references to their _ 
first and subsequent use. Unfortunately he © 
died in 1968 before the work was com- 
pleted, but his widow enlisted the help of : 
three other editors in preparing his notes 
for the press. It is clear from the foreword | 
and preface to Dictionary of Petrology that _ 
it is not the work that was originally 
intended — it is shorter, less complete and : 
less concerned with etymolo HERES 
The dictionary is in two parts. The first, 
larger part, is an alphabetical list of some 
8,000 terms related principally to igneous, ~ 
sedimentary and metamorphic rocks but 2 
with some from soils, economic. and 
structural geology included (meteorites are — 
excluded). The second consists of synoptic 
tables in which terms from the first part are 


į ¥ 


rambles through world and state oil-field | nei 


rankings, the author spuriously applying | : 


Zipf’s so-called “law” (on salary distri- 
butions!). And while some of the technical 
chapters are not without merit, the 
material is more fully covered in Schlum- 
berger and Dresser logging manuals. 
Perhaps not surprisingly, the intended 
readership is never identified. Certainly an 
undergraduate would find this book heavy 


going at best and misleading at worst, while | 


professional petroleum geologists will 
already be familiar with what it contains, © 





_ the publisher the first book to co 








Field Geology in the British Isles, acco’ 


excursions for the whole of the Br 
recently been published by Pe 
author is J. G.C. Anders 
introduction describes 15 
based on a number of centres 
is £8.95, $16. DE 





~~ Nonetheless this is an interesting book 


basis for a more comprehensive work. 
_ Many could learn and profit from it. For 
example, it is useful to know that because 
“of its Greek derivation the glassy basic 
-igneous rock should be spelt tachylyte not 
. tachylite, and entertaining to be informed 
~ that the god Hermes is remembered petro- 
logically by a rock of undetermined 
composition. The book is a pleasure to 
browse through, but I must confess to a 
slight disappointment that the long- 
awaited Tomkeieff Dictionary is not a 
more definitive work than it has turned out 
to be. 

Daniel Barker’s J/gneous Rocks was 
written for geology students who have had 
basic courses in chemistry and mineralogy. 
The book covers a wide range of topics, 
including phase relations, descriptions and 
occurrences of the main rock groups, the 
generation of magmas and the relation of 
magmas to tectonism. It is well written with 
good diagrams, though some of the photo- 
graphs are not too clear, and the reference 
list of some 600 items is to work which is 
mainly post-1970, The treatment is exten- 
< sive rather than intensive, but the book 
gives a good review of the current state of 
igneous petrology which will be suitable for 
_ second-year undergraduates in Britain and 
for geology majors in the United States. [J 





=: Reg Bradshaw is Senior Lecturer in the Depart- 
~ ment of Geology, University of Bristol. 


-| Fascinating 
reading and an 
unusual gift 


A high-quality, 40-page 
facsimile of the first issue of 
Nature is available, including 
articles on: 

* The recent total 
eclipse of the sun by Sir 
Norman Lockyer 

* Science Teaching in 
Schools by W. Tuckwell 

* Triassic Dinosauria by 
T. H. Huxley 

Prices 75p (UK); $1.50 (Rest of World 
surface mail); $2.00 (airmail). 


4. Address for orders: 

. | ~ Nature, Macmillan Journals, 
_ Brunel Road, Basingstoke 
~ RG21 2X5, UK 
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. which could, as its editors claim, form the | 





assembly 





John Mann 


Organic Synthesis: The Disconnection 
Approach. 
By Stuart Warren. 
Wiley: 1983. Pp.391. Hbk £19, $38; pbk 
£7.95, $15.95. 
Workbook pp.550, £6.95, $13.95. 
Advanced Organic Chemistry, Part B 
Reactions and Synthesis, 2nd Edn. 
By Francis A. Carey and Richard 
J. Sundberg. 
Plenum: 1983. Pp.650. Hbk $59.50, 
£45.80; pbk $16.95, £13.05. 
Alicyclic Chemistry, 2nd Edn. 
By F.J. McQuillin and M.S. Baird. 
Cambridge University Press: 1983. 
Pp.225. Hbk £20, 339.50; pbk £7.95, 
$16.95. 





THE publishing fraternity is deeply 
involved in a love affair with organic 
synthesis, and these three books are but a 
few of the progeny of the liaison. It seems 
reasonable to enquire why so many 
eminent chemists have suddenly chosen to 
write about their grand passion. Financial 
inducements apart, I suspect it may be 
because the art of organic synthesis has 
reached a critical stage in its development. 
Many chemists wish to take stock, to scan 
the horizon for new and yet more 
challenging targets for synthesis, and to 
contemplate how these may be assembled 
in ever more elegant ways. 

Stuart Warren’s book encompasses 
most of organic synthesis, but from an 
analytical viewpoint; it represents the first 
successful attempt to place E.J. Corey’s 
ideas on ‘‘retrosynthetic analysis” before a 
general chemical readership. The basic 
strategy is to disconnect the target molecule 
at selected points in order to recognize 
potential synthetic intermediates. The best 
disconnections are those that are formally 
the reverse of synthetic operations, hence 
the term ‘‘retrosynthesis’’; but any 
chemical bond may be broken to provide a 
novel structure. Often new chemistry must 
be devised if the actual synthesis is to pro- 


| ceed via such intermediates, and many of 
| the innovations of the past ten years arose 


out of efforts to execute some of the 
obscure transformations suggested by 
retrosynthetic analysis. 

Warren has produced an excellent 
systematic account of the subject. He 
includes numerous examples, mostly taken 
from the medicinal, pesticide and per- 
fumery chemistries, thus providing a sense 
of purpose for the analyses. The 
information is given in concise packages 
interspersed with clear illustrations, and 
the book is in consequence easy to read and 
comprehend. This text should become 
essential reading for all chemistry under- 


graduates, and is excellent value for | 


money. The accompanying workbook has 


|}. a complementary set of examples, and is- 
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_also very reasonably priced for its size. 


Many of the recent developments in the 
methodology of organic synthesis are 
included in Carey and Sundberg’s book. 
(Part A, which has already appeared in a : 
second edition, covers most areas of 


| organic chemistry apart from synthesis.) 


During the 1970s there was an explosive 


-growth in this kind of chemistry, and their 


first edition (1977) came too early to 
capture but a part of the action. This has 
now been remedied by substantial coverage 
of, inter alia, the applications of sulphur, 
selenium and silicon reagents, an expanded 
treatment of cycloaddition reactions, 
asymmetric syntheses, and alkylations, 
and a new chapter on the interconversions 
of functional groups via nucleophilic dis- 
placements. There are literally hundreds of 
illustrative syntheses, and problems on 
synthesis, many drawn from the recent 
research literature, and references are 
provided for both types. 

This is the most comprehensive and up- 
to-date book on organic synthesis for the 


advanced undergraduate, and will, lam 
sure be widely read. However, its sheer 





weight will preclude casual reading on the | 
train or in the bathtub. There are several 
other books — such as W. Carruthers’s 
Modern Methods in Organic Synthesis 
(Cambridge University Press, 1978) and 
R.K. Mackie and D.M. Smith’s Guidebook 
to Organic Synthesis (Longman, 1982, for 
review see Nature 302; 189; 1983) — which 
provide excellent and more lightweight 
(both in mass and content) alternatives. 

In chemical analysis, most targets can be 
considered as an assembly of rings (and 
associated functionality), appendages and 
stereochemistry; in synthesis, formation of 
the rings is usually the critical part — the 
right choice of method can establish 
correct functionality and stereochemistry, 


as well as the foundations for subsequent >... 
appendage application. A thorough under- Y 


standing of alicyclic chemistry is a pre- 
requisite for those who wish to prepare 
rings, and the book by McQuillin and Baird 
seeks to satisfy this need. 

Once again there have been numerous 
advances since the first edition of the book 
appeared in 1972 — not least, almost the 
whole of prostaglandin chemistry with its 
attendant demands on cyclopentane 
chemistry. This new edition thus contains 
extra examples of the applications of 
modern alicyclic chemistry in the synthesis 
of natural products, though some of these 
examples are not as relevant as they could 
have been. Special treatment is also given, 


to Baldwin’s rules forcyclizationandtothe J 


frontier orbital treatment of Diels-Alder 
reactions, but the classical work on con- 
formational analysis and associated topics 
is still pre-eminent as it should be. Overall 
the book provides a useful, if somewhat 
unexciting, introduction to alicyclic 
chemistry. 0 





John Mann is a Lecturer in Organic Chemistry 


at the University of Reading. 
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-Under analysis 
D. Thorburn Burns 


Quantitative Chemical Analysis. 

By Daniel C. Harris. 

W.H. Freeman: 1982. Pp. 748. 
$31.95, £27.50. 








TEACHERS of analytical chemistry will find. 
this book to be useful and scholarly- 
acquisition for their personal libraries. 
Whether or not they will recommend it for 


their courses is less certain as this depends, 
as for any teaching text, on how closely it 


fits their views of the subject and their 


syllabus. Interestingly, the text has already 
been evaluated by use, as it was developed 
from a manuscript used for two years at 
Franklin and Marshall College, mainly by 
life science majors but with some chemists. 

Only a limited number of topics are 


included: statistics, chemical equilibrium, 
acid-base chemistry, electrochemical | 


equilibrium, electroanalytical methods 
spectrophotometry, methods of separation 


FF and a set of 18 experiments. The text is 


beautifully laid out with wide margins, 
allowing the author to insert extra 
diagrams, data, side comments, additional 
explanations: etc. without breaking the 
flow of the main text. Numerous worked 
(and fully explained) examples and boxes 
to deal with subsidiary topics (such as logic 





TEXTBOOKS 
of approximations, meaning of negative 
pH, descriptions of demonstrations) divide 
the text into manageable sections. 

The discussion of errors and the 
introduction to statistics are very clear, but 
the F and (Chi)? tests should have been 


included. The clarity and the depth of 
treatment of solution equilibria and the 
various applications are particularly com- 
mendable. The treatment of electro- |. 
analytical chemistry is likewise excellent. 
cand includes some very up-to-date items 
‘such as photo-assisted electrolysis and 
optically transparent thin layer electrodes. 


By contrast, the sections on. spectro- 
photometry and atomic spectroscopy are 
less detailed and hence less authoritative, 
although both contain some useful teach- 
ing material. Basic chromatography theory 
is developed clearly and fundamentally via 
the Craig countercurrent distribution pro- 


cess, although the discussion of specific 


forces of interaction in both liquid and gas 
chromatography is not detailed enough to 
allow development of separations ab initio. 
Some very interesting experiments are 
described, and each chapter is supported 
by- a collection of exercises, problems and 
references to further reading. Overall, 


-within its limits, this text is a refreshing 
~ addition to the literature. 3 ol 





D. Thorburn Burns is Professor of Analytical 


. Chemistry and Chairman of the Department of 


Pure and Applied Chemistry at The Queen’s 
University of Belfast. 





Questions of insight 
S.F.A. Kettle 








Problems in Molecular Structure. 

Edited by G.J. Bullen and D.J. 
Greenslade. 

„g Pion: 1983. Pp.466. £16, $32. 





IN Problems in Molecular Structure G.F. 
Bullen and D.J. Greenslade have compiled 
an excellent book, one which post- 
graduates in particular but also senior 
undergraduates on specialist courses will 
find to be most useful. An especially 
attractive feature is that. each of the 
problems considered is accompanied bya 


very detailed answer; thus the average | 


space devoted to a problem and its solution 
is in excess of two pages. 

In all, 25 subject areas are included with 
an average of about eight questions and 
answers on each, the range being from 


visible spectroscopy. The subject areas are 
further broken down into seven topics — 
symmetry, diffra on ( 
rystals), vibration-rotation 
‘tronic properties 
a Lp lectron spectroscopy 

through © ORD/CD to electron spin 
‘eed esonance sad magnetic and electric multi- 


















three questions on solid-state nuclear | 
' Magnetic resonance and on mass spectro- | 
metry through to 14 on ultraviolet and | 


cluding electron | 





polar moments), nuclear spectroscopy, 


mass spectrometry, and structure and 
energy. The final one of these contains 
what is possibly the last contribution by the 
late C.A. Coulson, who has written a 
section on wave functions and bonding. 

In about one-third of the sections there is 
a brief overview of the subject area which 
precedes the problems themselves. I found 
these introductions helpful and would have 
welcomed more of them, though they may 
be of less importance to the student seeking 
problems in a subject area which is 
currently being studied. In a book such as 
this it seems inevitable that space will be 
devoted to the problem of units. And, 


_ indeed, in addition to an appendix this is a 


topic covered in three of the overviews. 


Both here, and in the notations adopted in 
different sections, the editors have taken a | 


broad-minded view which has resulted in a 
number of inconsistencies; these, however, 
are unlikely to represent a problem of their 
own. 

The book will probably be read in a 
piecemeal fashion and is written with this in 


mind — answers tend to be free-standing, 


with little cross-referencing between 
sections. Overall, my impression is a very 


favourable one — even experts in a partic- 
ular field will gain in insight by working | 
section of the book. G | 


pound the relew | 
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Prentice-Hall: 1983. Pp.711, Hbk. 


| Physical Chemistry, 2nd Edn. 
-By Ira N. Levine. 
| McGraw-Hill: 1983. Pp.890. $54 7 


By Gilbert W. Castellan. 


marginal notes. 


 Moore’s being a shortened and re-wr 
version of his earlier Physical Chemi 


Levine, and to an even larg 


S.F.A. Kettle is a Se of Chemistry at the | 
7 : mathematical way, so-tha 











John Avery 


Basic Physical Chemistry. 
By Waiter J. Moore. 


£32.25; pbk $25.95, £12.95. 


£27.75. a 
Physical Chemistry, 3rd. Edn, | 


Addison-Wesley: 1983. Pp. pap: Pbk 
$33.95, £14.95. 





G.N. Lewis once defined. the. scope. of . 
physical chemistry as including ‘‘every- 
thing that’s interesting’. Although that 
may have been an exaggeration, the range 
of topics covered in these three: under- 
graduate physical chemistry texts is 
impressively wide. Besides chemical 
thermodynamics, electrochemistry, statist- 
ical mechanics, introductory. quantum 
chemistry and crystallography, we have 
specialized topics. such as: biological 
membranes, bioelectrochemistry, enzyme _ 
catalysis, photoelectron spectroscopy, 
molecular spectroscopy, electron spin- 
resonance, nuclear magnetic resonance, 
group theory, photochemistry, solid state 
theory and theory of the liquid state — even 
nerve conduction (Moore), photosynthesis 2 
(Castellan) and nuclear reactions (Levine). _ 

All of this material ought to be part of _ 
the general background knowledge of = 
serious students of the physical or bio- 
logical sciences, but one can sympathize 
with those of them daunted by such a 
profusion of topics. In mitigation each of _ 
the three authors writes with sympathetic | 
understanding of the difficulties likely to _ 
be encountered by undergraduates. They — 
have included hints on methods of study, | 
and two of them (Castellan and Levine) _ 
give lists of answers to the exercises. Levine _ 
also emphasizes important concepts by the 
use of bold type, includes a summary at the _ 
end of each chapter and leaves space for a 



















All of the books are new versions. o 
respected and widely-used textboo! 


Many of the figures from th: 
reappear here, as does some of 
so much has been revised tha 
speak of a new book rath 
edition. Moore’s standpoit 
chemistry than to physics, and his 
contains many tables of. che 
properties. His method of expositio 
descriptive rather than mathema 
he often states results without. 
etical derivations. This maki 
most elementary of the three. B 








Castellan, formulate the rr 


ttf | 


omes out clearly; and they give rigorous 
heoretical derivations wherever possible. 
oth Castellan and Levine include helpful 
eviews of the necessary mathematics. 

In the new edition of Levine, the two 
hapters dealing with solutions have been 
ewritten in such a way as to reduce the 
wumber of equations. Both Levine and 
~astellan have added many worked 
yroblems; indeed, the 750 problems in 
Castellan’s third edition roughly doubles 
-he number included in its predecessor. The 
new edition of Levine also contains 
sections treating a variety of recently- 
developed experimental techniques, such 
as ion cyclotron resonance, field-ion micro- 
scopy and photoacoustic-spectroscopy. 

Any author of a physical chemistry text- 
book is faced with a dilemma in organizing 
his material. The main body of the course 
must be devoted to chemical thermo- 
dynamics. If sections on the kinetic theory 
of gases and statistical mechanics are 
placed early in the book, the student is 
helped in his understanding of thermo- 
dynamics, However, one cannot develop 
statistical mechanics without first saying 
something about quantum theory; and 
quantum theory is a difficult topic which 


The inorganic core 


Jon McCleverty 


Concepts and Models of Inorganic 
Chemistry, 2nd Edn. 

By Bodie Douglas, Darl H. McDaniel 
and John J. Alexander. 

Wiley: 1983. Pp.800. Hbk £34.15, $47.85; 
pbk £10, $16. 


Inorganic Chemistry: A Unified 
Approach. By William Porterfield. 
Addison-Wesley: 1984. Pp.688. $33.95, 

£14.95. 


niee 


Because of the wide range of inorganic 
chemistry, and constraints on time, one 
must be selective in the aspects of the 
subject presented to undergraduates. Soit 
is reassuring that, on both sides of the 
Atlantic, there is a common perception of 
the core of “inorganic” knowledge that 
every graduating student of chemistry 
< should know. For example, both of the 
- books reviewed here regard as essential a 
- discussion of atomic structure and period- 
- icity, bonding and some aspects of thermo- 
dynamics and mechanism, including 
- photochemical processes. Coordination 
and organometallic chemistry have a 






definite place and may be linked to homo- | 


geneous catalysis. There is also a recog- 


- nition that limited amounts of descriptive 
. chemistry are necessary, and that attention 


- must be paid to developments in cluster, 
solid-state and bioinorganic chemistry. 

į In Douglas et al. ’s Concepts and Models 
= of Inorganic Chemistry the emphasis is on 
`. theories and rationalizations rather than 


-ona systematic discussion of the elements, 








most authors would prefer to put towards 
theend of their books. These three authors 
respond differently to the problem. Levine 
discusses statistical mechanics in one of his 
later chapters, after the sections on 
quantum theory. Castellan places the 
classical derivation of the Maxwell- 
Boltzmann velocity distribution early in his 
book, while leaving the part of statistical 
mechanics which depends on quantum 
theory until one of his last chapters; and 
Moore includes a section on quantum 
theory very early in his book. 

All three of these excellent and clearly 
written textbooks deserve to be considered 
by anyone planning a course in physical 
chemistry at the undergraduate level. They 
not only guide the student safely through 
the fundamentals, but also introduce him 
to exciting areas Of current research. 
Personally, 1 prefer the more exact and 
mathematical style of Castellan and Levine 
to the descriptive treatment given by 
Moore, but the choice of book will depend 
on the level of the course being planned. 


anam i nanam 


John Avery is Lektor in the Department of 
Physical Chemistry, H.C. Ørsted Institute, Uni- 
versity of Copenhagen. 


and so the reader will not find much 
comment on the synthesis of inorganic 
compounds or indeed on many of the 
unsolved mysteries of this challenging 
branch of the subject. Of particular note, 
however, is the excellent résumé of 
symmetry and Group Theory, and the 
section on solid-state chemistry is very well- 
illustrated, going satisfyingly beyond most 
other textbooks pitched at the same level. 
Notwithstanding the remarkable lack of 
any reference to magnetism, coordination 
chemistry is effectively covered, but the 
section on organometallic chemistry is 
disappointingly short, with omission of 
certain important aspects of main-group 
organometallics. The diagrams and tables 
are clear and easily readable — possibly 
because of the book’s unusual shape (195x 
240 mm} — but the index is a little 
confusing, there being reference to com- 
pounds which appear only in the (useful) 
problem sections and not in the text. 

In Inorganic Chemistry, Porterfield 


observes that some of the most exciting 


developments in the field have come from 
the movement towards integration of 
previously distinct areas, for example poly- 
hedral boranes and transition metal 
clusters. Because of this, he suggests thata 
new organizational principle may be 
necessary in the teaching of the subject. His 
book, which is produced toa slightly higher 
quality than the Wiley text, is in five parts, 
the first of which is largely introductory. 


‘The next two are concerned with the | 
“statics” and ‘“‘dynamics’’ of main-group 
chemistry, and Parts Four and Five with 


similar aspects of transition-metal 


chemistry. The reactions of main-group | 
compounds are presented with a strong 
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thermodynamic flavour, and include signi- 
ficant discussion of redox activity and non- 
aqueous solvent behaviour. Magnetism is 
described, and organometallic chemistry 
and catalysis are thoroughly discussed. One 
of the most exciting features of this book 
is the chapter describing photochemical 
reactions of transition metals. 

The main differences between the two 
books relate more to presentation than to 
philosophy. Indeed, the authors of 
Concepts and Models actually come closer 
in some areas to reaching the goal of inte- 
gration than does Porterfield, especially 
when dealing with aspects of inorganic 
solids and cluster chemistry. While 
covering much of the same material as 
Douglas et al., Porterfield assembles it 
differently and in places fails to take full 
advantage of the unified approach he has 
espoused. Thus the synthesis of material 
within the confines of main-group or 
transition-element chemistry is good, often 
imaginative, but true unification should 
dissolve this artificial and partly historical 
division. By far the clearest difference 


between the books relates to Group. ips 


Theory. Porterfield has made the explicit 
decision not to include accounts of its use. 
In my view this is most unfortunate — 
much of contemporary inorganic 
chemistry relies on the rationalization and 
handling of spectroscopic and bonding 
information via Group Theoretical tools. 
Both of these books include some more 
advanced material than Huheey’s most 
readable Inorganic Chemistry (Harper & 
Row, 3rd Edn 1983) — which, incidentally, 
also omits Group Theory. They are not as 
heavy going or as selective as Purcell and 
Kotz’s molecular-orbital orientated 
book, Inorganic Chemistry (Holt-Saunders, 
1977), but offer far more helpful teaching 
and explanatory material than Advanced 
Inorganic Chemistry, the comprehensive 


research-orientated work of Cotton and v 


Wilkinson (Wiley, 4th Edn 1980). 

Despite the authors’ stated intentions, I 
feel that Concepts and Models still betrays 
the unspoken belief of many American 
chemists that inorganic chemistry is a kind 
of applied physical chemistry. That is not 
necessarily a fault, merely a way of looking 
at the world, but because of it I doubt that 
the book will be highly recommended in 
Britain. For me, Porterfield’s book is the 
more attractive and more obviously dedi- — 
cated to the identity of inorganic 
chemistry. It is broadly equivalent to 
Moeller’s inorganic Chemistry: A Modern 
Approach (Wiley, 1982; for review. see . 
Nature 302, 460; 1983) but because of the 
criticisms mentioned above I would prefer 
the latter, Nevertheless, I am glad to have 
Porterfield and Douglas et al. on my 


_ shelves — both are thought-provoking and 


provide new views of familiar landscapes; 
which is always illuminating. c 


Jon McCleverty is Professor of Inorganic 
aa at the University of Birmingham, | 
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The divine dice keep 
rolling _ 





University $ Science Books/ Oxford 
University Press: 1983. FD. 517. 
$29, £22.50. 
Problems in Quantum Chemistry. 
By Poul Jorgensen and Jens Oddershede. 
Addison-Wesley: 1983. Pp. 286. 
$26.95, £24. 70. 





OVERHEARD in ‘the éorridor of Ancient 
Languages: ‘“What’s new in Classics then, 
Robin?’’. “Good Lord, nothing, | 
hope!’’. No such exchange about quantum 
mechanics seems conceivable, yet five 
decades of elaboration since Pauling and 
Wilson (four since Eyring, Walter and 
Kimball) do not obscure the distinct lineage 
to the three books reviewed here. 

Novelty is most evident in the second 
edition of Atkins’s Molecular Quantum 
Mechanics, which is likely to exceed the 
first in popularity. Most chemistry 
lecturers (but this is not a book for chemists 
alone) would probably choose to introduce 
non-particulate mechanics via Schrödinger 
rather than Heisenberg, although this may 
well be out of tune with the customers — 
students — who these days seem to prefer 
matrices to differential equations. In 
accord, Atkins’s  matrix-based 
introduction is developed in terms of the 
powerful operator and group theory 
; methods towards approximate techniques 
and applications. Here it is that. we expect 
new books to be different, and justice is 
done to ligand field theory, Hiickel’s 
method, bonding, and spectroscopy 
generally, and much else of what can be 
treated quantum mechanically. However, 
Atkins notably omits solids and reaction 
mechanism. Of the latter he says (pace the 


first edition) “No attention is paid to the 


theory of chemical reactions which, 
however fascinating, is still an infant 
subject”. Well, well: theoreticians have a 
special view of things but such austerity 
could yet find mitigation in edition three, 
where adiabatic and nonadiabatic electron 
‘transfer might be nominated for honour- 
able mention. 

Atkins’s book is also of spectacularly 
fine appearance, with wide margins 
providing locations for diagrams which 
thus do not interrupt the text. The separate 


litho typescript of solutions to the many | 


problems (about 20 at the end of each of the 


14 chapters) is by contrast quite acceptable | _ 


in a companion workbook. 


- To quote Pauling and Wilson, “‘A book | 4 st 


-TEXTBOOKS 


written for the reader not adept at 


mathematics [should] be richer in 
equations than one intended for the- 


mathematician ... who can follow a 
sketchy derivation with ease’’. By this 
criterion, all three books are suitable for 
moderate algebraists, being certainly rich 
in equations. But McQuarrie has set 
himself the goal of humanizing the story (as 
indeed does Atkins, but differently) by the 
inclusion of brief biographies of the 
eminenti, complete with photographs. The 
omission of Einstein from this stellar 
gallery precludes mention of his distaste for 
a merely probable universe, governed by 
the deity’s dice. Chapter sub-headings tella 
story of their own — ‘‘Pertubation Theory 
Expresses the Solution to One Problem in 
Terms of Another Problem That Has Been 
Solved Previously’’; ‘‘Valence-Bond 
Theory Plus Ionic Terms Are Formally 
Identical to Molecular-Orbital Theory with 
Configuration Interaction’? -- and the 
whole vehicle of exposition has an 
attractive facility to it. Matrices only 
appear halfway through the book, 
indicative of the level of treatment. The 
depictions of orbitals are quite nicely 
illustrative, except for the cotton-wool 
museum pieces which date back to Whitein 
the 1920s. However, omission in the 1980s 
of ligand fields, even in an introductory 
text, does seem either too far ahead of or 
too far behind fashion to be comforting. 

Neither Atkins nor McQuarrie uses 
Coulson’s description of the electron as 
cloud. It is of course formally a probability 
density, but if the particle is deemed wave- 
or cloud-like in some aspects, it must be 
conceptually congruent to believe in a 
cloud which appears particulate in some of 
its aspects; the tradition as it has grown 
derives historically from the greater body 
of knowledge of particle behaviour than of 
clouds, and Kimball’s notable efforts in the 
1950s to restore some even-handedness 
perhaps deserve perpetuation. 

The title of Jorgensen and Oddershede’s 
book, Problems in Quantum Chemistry, 
might excite expectations. It is in fact a 
misnomer: these are Student Calculations 
in a Quantum Mechanics Course, to be 


-used in conjunction with texts such as the 
‘other two reviewed. here. Since most 
student textbooks, in particular Atkins, 


already contain numerous exercises, the 
value of such a compendium is to some 


extent in question; but then the authors do. 


include the transition state, and the case is 
made. The solutions are well presented and 
provide a useful educational course not 
confined to the philosophy of a single text. 

The books reviewed here afford the 
contemporary scientific tyro an access to 
intellectual avenues which will be 
invaluable, especially in view of the 


challenge arising from the present rate and | 


extent of factual accumulation and 
theoretical ldevelor m. c 
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Basic Chemical Thermodynamics, 3r 
Edn. 

By E. Brian Smith. aa 
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Chemical Thermodynamics, — 

By Peter A. Rock. 2 

University Science Books/ oded 
University Press: 1983. Pp. 548. 
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Three Phases of Matter, 2nd Edn. E 

By Alan J. Walton. 

Oxford University Press: 1983. Pp. 482. 
Hbk £25, $49.50; pbk £10,$ 95, $24, 95. 








IF CHEMISTRY is about systems in which the 
composition changes (whether because of | 
“‘mixing’’ or of “reaction” is for real- 
systems entirely a matter of convention), i 
and physics is about systems in which the 
composition is constant, then the first two _ 
of these textbooks are of chemistry, and 
the third is of physics. While Smith and 
Rock restrict themselves to discussions of 
equilibrium (‘‘thermodynamic’’) states, 
Walton deals not only with equilibrium 
states but also with the rates of approach to | 
them. All three books are modern in 
attitude and scope, have been written with 
modern terminology and symbols, and — _ 
at least for the most part — consistently use 
SI units and the algebra of quantities. 
Basic Chemical Thermodynamics is a 
short, readable well-established intro- 
ductory textbook suitable for under- 
graduates during the first half of a degree 
course. If inevitably it tells much less than — 
the whole of the truth, it manages to avoid. 
telling more than a very few lies. The main 
change in this third edition is a new final 
chapter called ‘‘The Molecular Basis of | 
Thermodynamics’’, a concise and welcome _ 
addition except for the false implication of _ 
its title which ought. to have been 
something more like ‘The Molecular Basis- 
of that Highly Specialized Small Part of a 
Thermodynamics Concerned with Perfect _ 
Gases’’. It is a pity that Dr Smith did not 
find a few pages to make it plain, by talking 
more about real experiments: with real- 
apparatus, that thermodynamics is 
essentially an experimental subject. It is 
unfortunate, too, that he mars his modern — 
exposition in a few places: by using the — 
same symbol (P) sometimes for pressure 
and sometimes for the ratio (a. number) of 




















Textbook supplement — price: 
Where possible both dollar prices pertaini 
the United States and sterling: pr 
United Kingdom are given in the bibliograp 
details for each book. Export: prices 
generally be higher. If a dollar or sterling prici 
not cited, the book is not available in one of 1 
two countries. However readers shoul 
both price and availability of 
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wo pressures; by recording molar. changes 


‘J-mol~!; and by hiding so effectively the 
dif ference (for example) between an 
-enthalpy change AH and the corresponding 
standard enthalpy change AH®. Neverthe- 
- Jess the book can be recommended whole- 
: heartedly to teachers and undergraduates. 
= In Chemical Thermodynamics, Peter 
< Rock evidently sets out to give a complete 


account of the subject suitable for use — 


< throughout an honours degree. Those 
:: tempted to. adopt the book should first try 
to find in it the answers to some crucial 
- questions. What exactly is the difference 
between AG and AG® for a reaction 
involving real substances? How could one 
. measure in a real laboratory the entropy 
-echange consequent on mixing two real 
"gases at constant temperature and 
pressure? How can the definition: ‘‘The 
-standard state of a gas is the hypothetical 
-ideal gas at one standard atmosphere and 
the temperature of interest” be used to 
recover the necessary equation: 


KET) = HET Peco) 
- RT InQgp/p*) 
- (p e ~ RT/p)dp, 


where 1&(g,7) is the standard chemical 
potential at the temperature Tofa gaseous 
substance B having chemical potential 
WET ¥e¥os °° *) at the temperature 
T, pressure p, and mole fractions y, of B, 
ye Of C etc.; p° is a standard pressure 
< (such as “one standard atmosphere’), 
-and V is the partial molar volume of the 
“substance B in the gaseous mixture at T,p, 


Ya» Ye etc.? Still, the book is a good deal 


better than most of its many shelf-mates. 
Three Phases of Matter is a substantially 
revised edition (‘‘. .. around eighty per 
< cent of the English and thirty per cent of the 
physics has been rewritten’) of a textbook 
which first appeared in 1976. The book is 
eminently suitable for the introduction of 
young scientists — whether potentially 
- chemists, biologists or physicists — to the 
subject that used to be called ‘‘Properties 
of Matter’’, which, though for no very 
good reason except that of old-fashioned 


- exposition, had acquired a reputation for 


being old-fashioned and dull when 
presented under that name. It contains 
= excellent accounts of the properties of 
~ gases and of solids, and an inevitably less 
> satisfying discussion of the properties of 
- liquids (though this section is illuminated 
by mention of what we have recently learnt 
from simulation studies). It is a shame, 
= however, that such a book should 
- “nowadays contain nothing about the non- 
- analyticity of the free energy of a fluid (or 
< of asolid) in the immediate neighbourhood 
~ -tofa critical point, and the consequences of 
= that. g 
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s so many kJ rather than as so many 


the deep 
to the shallows 
Henry Charnock 


Introductory Dynamical Oceanography, 
2nd Edn. 

By Stephen Pond and George L. Pickard. 
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Physical Oceanography of Coastal 
Waters. 
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Ellis Horwood: 1983. Pp. 302. 
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Environmental Oceanography: An 
Introduction to the Behaviour of 
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WE HAVE here three new textbooks on 
physical oceanography, for although Pond 
and Pickard is an old friend (the first 
edition appeared in 1978) the present ver- 
sion is much changed in appearance. The 
smaller page size and the easy-to-read print 
make a surprising difference: the first 
edition was reproduced from a typescript, 
which made the largish pages seem 
crowded and difficult to read quickly. 
There are about 90 more pages but the 
content is what matters more, of course, 
and that remains of a high standard — well 
written, authoritative and managing to 
convey the fascination to be obtained from 
applying fluid dynamics to the movement 
of the ocean. The authors were especially 
good on scaling and the circumstances in 
which the full equations of motion can be 
rationally simplified. Included now is new 
work on the classical problem of 
determining ocean currents from 
observations of the density field and, 
surprisingly perhaps, a section on eddy- 
resolving numerical models: the use of such 
models strains the capacity of the largest 
computers and their interpretation requires 
a knowledge and an understanding of the 
observed characteristics of the ocean. The 
authors refer to other books for the obser- 
vational background but a combined treat- 
ment at a similarly introductory level 
would obviously be desirable (though it 


| would take a much larger volume). More 


illustrations would also help, but that apart 


it is difficult to see how the book could be | 


better. 


Professor Bowden’s Physical Oceano- 
graphy of Coastal Waters is based on | 
linked and interpreted by | 


observation, 
theory expressed in relatively simple 


mathematics. Intended as a text for under- 
| graduates as well as graduates, it assumes | 
| the sort of basic background which Pond | 
and Pickard provide. The latter deal | 
| mainly with the deep ocean, but Bowden | 


- has tackled the more taxing problems of the 
| shallower coastal waters in which 


conditions are complicated by larger tides, 
more friction, complicated physiography 
and freshwater run-off. : 

This text is one of the very few to bridge 
the gap between the many books dealing 
with the physics of the deep ocean and the 
handful discussing estuaries. It gives clear 
accounts of the major topics — waves, 
tides and surges, currents, temperature 
distribution and mixing processes — which 
are authoritative without being too 
specialized, though readers who need the 
details will have to pursue some of the 
many references. The book is an altogether 
encouraging start to a new series in marine 
science, 

In Environmental Oceanography Tom 
Beer attempts an even more difficult task, 
that of introducing the physics of the 
marine environment to the graduate froma 
non-scientific background. He intends his 
book to be used by environmental 
managers, environmental administrators 


and students aspiring to such posts (though aug 


why they should be drawn from a non=- 
scientific background is not clear). 

The book is based on lectures which 
must themselves have been very stimu- 
lating, ranging from fractals to sea- 
sickness remedies, and from satellite 
remote-sensing to a checklist of gear for a 
coastal environmental investigation. The 
resulting book seems to me to be less suc- 
cessful, however, containing many inter- 
esting sections but lacking integration and 
coordination. Some statements are 
incomplete, even plain wrong, and while 
the errors may not be too serious they make 
it impossible for this book to be recom- 
mended without considerable reservation. 
Some of my best friends are environmental 
administrators, and though they may be 


amused to read that ‘“The Severn bore. . . ow 


is the best known bore in the English- < 
speaking world’? they would be mildly 
insulted to be told that ‘“The symbol n (pi), 
which represents the number 3.142 ... 
is the ratio of the area of any circle to its 
circumference”, and perhaps concerned to 
read “‘if 5 tonnes of cyanide is thrown into 
100m of water, how long before its concen- 


tration drops below the recommended 


Sug 1'? The main difficulty in answering 
this question is getting all the physical 
quantities into the same units” 

These are all slips, taken out of context. 


But there are more serious criticisms, for 


example of the treatment of the tide- 
generating forces and of the radiation 
balance of the sea surface which physical 
oceanographers will find off-putting. If 
the author could have brought himself to 


leave out some of the more entertaining but 
peripheral matter, and to combine the 


accounts of fundamental material into a 


coherent whole, his book would have been 


maoy welcomed. o 





Henry Charnock is Professor of Physical 
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A run through 
quantum mechanics 





-R. B. Jones 








Quantum Mechanics. 

By P. C. W. Davies. 

Routledge & Kegan Paul: 1984. 
Pp.139. Pbk £3.95, $9.95, 





PAUL Davies’s Quantum Mechanics, the 
first of a series of books entitled Student 
Physics, displays the fast-moving and 
concise style which has been an attractive 
feature of his previous science writing. But 
what has hitherto been a virtue appears on 
this occasion as a vice. There is insufficient 
technical detail for the book to be 
considered as the main text for a first 
course in quantum mechanics; moreover it 
does not include enough applications to 
suit the diverse requirements of most 
undergraduate physics degree courses. 

In just over a hundred pages of text, 
Professor Davies touches on many 


_ standard topics and techniques, including 


one-dimensional potential well and barrier 
problems, three-dimensional bound state 
problems, the simple harmonic oscillator 
and orbital angular momentum (each done 


TEXTBOOKS 


by both differential equation and operator 
methods), time-independent and time- 
dependent perturbation theory and the 
variational principle. Many particle sys- 
tems, degenerate perturbation theory and 
angular momentum addition have about a 


page each, while three-dimensional 


scattering and the non-relativistic electron 
in an electromagnetic field described bya 
vector potential are not mentioned at all, 
Not only is technical detail: ‘missing, 
however, but the laconic discussion of 


basic principles may mislead the typical- 


student. In connection with ‘the two-slit 
experiment, saying that ‘“‘the particle 
presumably only visits one slit” seems to 
impute a well-defined position to the 
particle in the absence of any measurement 
of its position. In conjunction with the 
energy-time uncertainty relation, the 
statement “the law of energy conservation 
can be slightly violated in quantum 
mechanics’’ is apt to confuse students. 

In contrast with the miserly text there is, 
in an appendix, a generous selection. of 
good exercises. The proper use of a sparse 
but readable book such as this is as a 
revision text, and for that purpose it will do 


_ very well. c] 


STRAE ma mieten aannaaien 


R. B. Jones is a Lecturer in Physics at Queen 
Mary College, University of London. 
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Introduction to Cosmology. 

By Jayant V. Narlikar. 

Jones & Bartlett, 20 Park Plaza, Boston, 
MA: 1983. Pp.470. $30. 





WHaT a pleasant surprise Jayant 
Narlikar’s Introduction to Cosmology is. I 


either a mathematical exercise, with little to 
do with physics and observation, or an 
example of the conspiracy theory of cos- 
mology. In this theory, of which Fred 
Hoyle and Geoffrey Burbidge are eloquent 
advocates, the majority of cosmologists 
gang up to suppress the mountains of 
evidence unfavourable to Big Bang 
cosmology, while at the same time i ignoring 
all the evidence which now, at last, sup- 
ports the steady state theory. 

Both of these fears are unfounded. 
Narlikar has written a marvellous 
dvanced-level introduction to cosmology 
in which the mathematical, physical and 
observational aspects are expounded 
clearly, simply and in sufficient detail for 
almost all readers to find themselves drawn 
into areas they might have thought inacces- 


tenement tannin nsnerrterartttirtnnssinanae 


@ Jayant Narlikar’s Violent Phenomena in the 
Universe, first published by Oxford University 
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sible. The many hundreds of exercises, 
complete with hints for their solution, will 
make this an invaluable course book at 
final-year undergraduate or postgraduate 
level, especially for the more theoretically 
minded students. 

A good feature of the book is that some 
of the weaknesses and incompletenesses of 
the standard hot Big Bang theory are 
emphasized (more orthodox types will find 
this overdone). The more serious of the 
rival cosmological theories are outlined in 
some detail and Narlikar is reasonably 
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Black Holes, White Dwarfs, and Neutron 

_ Stars: The Physics of Compact 

— Objects. 

By Stuart L. Shapiro and Saul A. 

_. Teukolsky. 

Wiley: 1983. Pp.645. Hbk £42.70, $59.80; 
pbk £20.45, $28.70. 


WHEN they die, stars leave very interesting 
corpses. Depending on their mass, single 
stars either settle down to fade away as 
dense white dwarfs supported by quantum 
mechanical degeneracy pressure, OF 
explode as spectacular supernovae. These 
explosions may sometimes disrupt the star 
completely, but the compression of matter 
to very high densities in the cores of the 
exploding stars frequently produces either 
a neutron star or, if the core mass is too 
large, collapse to a black hole. 

The dense stellar remnants may also be 
left in a binary system of stars in which the 
other member is still undergoing its normal 
evolution. The exchange of matter from 
the living star onto the dead can result in a 
spectacular life-after-death, particularly in 
the emission of X-rays. A major theoretical 
effort to understand the structure and 
properties of compact remnant Stars was 
stimulated during the 1960s and 1970s by 
two observational developments; one was 
_ the launch of rockets and satellites which 
< detected the X-ray sources, the other was 
the discovery of pulsars. 

This impressive volume by Shapiro and 
‘Teukolsky, both of whom have been inti- 
mately involved with the field, is aimed at 
introducing the physics of compact objects 
- to advanced undergraduates and first-year 
graduate students. The wide reach of 
physics involved — ranging through 
general relativity, thermodynamics and 
“nuclear, particle, solid-state and plasma 
physics — inevitably means that much of 
the underlying theory has to be taken on 
= trust. For example, derivation of astro- 
< physical results reasonably starts by 
<- assuming expressions for the Schwarzchild 
`` metric and Weinberg—Salam—Glashow 
- weak interaction theory. Likewise a 
summary of basic astronomy is provided as 


an appendix, but it is short and again the 
< book will be more understandable to those 
__ with some previous knowledge. 


Many physical mechanisms in compact 
objects are still uncertain. We do not know 
exactly why supernovae explode, although 
the most likely explanation seems to be 





- simple pressure generated by a shock wave 


that passes out from the core as it 


= bounces’? back from gravitational 


~ collapse when its equation of state stiffens 


generates the intense radiation from pul- 





Exotic astrophysics _ 


- the idea could not think of any. So itisthat | 


at high densities. The mechanism that | electromagnetic waves, optical waves and 
‘sars is even more obscure. The authors are | 4 7 
ym - duced, and the book contains many well- | 


ommendably brief and non-committal on | duced 
| T thought-out problems. 


cind where not much has been | 





reliably established. Two important areas 


of recent research that are well covered are 
accretion disks — the region from which 
much of the observed radiation originates — 
as material loses angular momentum and 
spirals in towards the compact object — 
and the generation of gravitational waves. 
The book is well produced and has many 
interesting exercises which I found to be 
full of ideas for use in setting this year’s 
exam questions. My own students beware! 
it isan excellent introduction to the current 
state of research — references reach right 
up to 1982 — that will be of value not only 
to students but to any physicist or astron- 
omer who does not work directly on the 
problems of these exotic objects. (J 





M.G. Edmunds is a Lecturer in the Department 
of Applied Mathematics and Astronomy at 
University College, Cardiff. 






















































Making waves 
H. Lipson 





The Physics of Vibrations and Waves, 
3rd Edn. 

By H. J. Pain. 

Wiley: 1983. Pp.416. Hbk £18.95, $35; 
pbk £7.50, 313.90. 

Vibrations and Waves. 

By W. Gough, J. P. G. Richards 
and R. P. Williams. 

Ellis Horwood: 1983. Pp.278. 
Hbk £27.50, $64.95; pbk £7.50. 

Waves and Photons: An Introduction 
to Quantum Optics. 

By Edwin Goldin. 

Wiley: 1983. Pp.211. £22.95, $33.55. 

Concepts of Quantum Optics. 

By P. L. Knight and L. Allen. 

Pergamon: 1983. Pp.217. Hbk £16. 75, 
$30; pbk £8.95, $16. 


am a aeae 


SOME time ago it was being suggested that 
physics should not be taught in sections — 
heat, light and so on — but as a single 
entity. Topics should be general, coming 
down to earth, as it were, when obvious 
applications appared. Vibrations and 
waves was mentioned as an appropriate 
subject for such an approach, but when 
asked for other examples the proponents of 


physics teaching continues very much in its 
standard form. | 

If the idea had worked, these four books 
would have served well to illustrate the 
argument, The first one, the new third 
edition of Pain’s The Physics of Vibrations 
and Waves, is the most elementary. It 
begins with mechanical systems, which are 
the easiest for students to envisage, and 
continues with electric transmission lines, 


finally wave mechanics. Fourier analysis 
and Fourier transforms are also intro- 
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Some of the ideas are, perhaps, over- 
simplified, however. For example Fermat’s 


| principle is stated correctly, but is treated 


purely as that of least time. Nor is the basis 


of the principle explained. But my main : j 


criticism is that some of the diagrams are — 
inexcusably poor; many of the sine curves 
are not accurately sinusoidal, and the 
shapes of parabolic, elliptical and Gaussian 
curves are unsatisfactory. | 

Of Gough, Richards and Williams’s 
Vibrations and Waves I have no such 
complaint. It is pitched at about the same 
level as Pain’s book, but is shorter and 
concentrates on sound and light, giving at 
one point a detailed discussion of the 
perception of musical. sounds (here it is 
surprising, given the book’s provenance, 
that no mention is made of the part played 
by starting transients). Again, there are 
some excellent problems for the students to 
test their understanding. Finally, a 
computer program for the visual pre- 
sentation of waves is provided. Like Pain, 
however, these authors devote little space 
to double refraction in crystals. 


The third book, Waves and Photons, is a 


less general and more ambitious than the” 
first two, and would certainly not be 
suitable as an introductory textbook. Like 
the other authors, Goldin starts off with 
waves in general but then concentrates on 
light; he also includes some thought- 
provoking problems. But the main 
objective, as stated on the book’s jacket, is 
to try to remove the paradox between wave 
and quantum optics. The writing is 
stimulating and intellectually demanding, 
but it is not easy to say whether the work 
succeeds; to the experimental physicist like 
myself, the answer is probably “no”, but 
those who put their faith in mathematics 
may be satisfied. 

The final book, Knight and Allen’s 


Concepts of Quantum Optics is quite co. 
different again; it would be appreciated by A 


only the very brightest students. The book 
contains six short chapters, all theoretical, 
on topics that the authors consider to be of 
fundamental importance, and these are 
followed by reproductions of 17 original 
papers to illustrate points made in the 
earlier part of the book. 

Paper | is the first published paper of 
G. 1. Taylor (1909), describing his efforts 
to see if very weak light could give Young’s 
fringes, even if the probability that two 
photons could simultaneously pass 
through the two slits was infinitesimal. 
(The longest exposure was three months!) 
J. J. Thomson suggested the experiments, 
and the fact that perfectly clear fringes 
were found surprised everyone. It is 
amusing, in a way, that such a simple 
experiment as Young’s should inspire so 
much advanced thinking, including the 
typically Diracian statement that a photon 
can interfere only with itself. This 


conclusion, ifit can be called such, seems to 


be negated by Paper 7, by Magyar and 


Mandel, in which they describe inter- — e 
_ ference fringes obtained from two separate 
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lasers, albeit with low visibility. But Paper 
6, by Pfleeger and Mandel, claims to show 
that the ideas are consistent. What can the 
poor experimental physicist think? 

A further problem is that resulting from 
the now-famous experiment of Hanbury 
Brown and Twiss (Paper 14), which, in 
1956, introduced the concept of “intensity 
interference’? — at first sight a con- 
tradiction in terms. At the time, many 
people thought the idea preposterous, and 
were reconciled to it only when Brown and 
Twiss showed that it produced results. It is 
now a landmark in optics — as indeed is 
Paper 2, by Einstein, on the quantum 
theory of radiation (1921), in which he 
introduced his ideas of spontaneous and 
induced (now called stimulated) emission. 
But perhaps the most exciting paper is the 
third, by Frisch, written in 1964 to 
celebrate the seventieth birthday of 
Professor Oskar Klein of Stockholm. 
Frisch envisages an intense discussion by 
five young physicists trying to isolate a 
single photon. Of course, they do not 
succeed, even in principle! 

“yp So here are four books that have taken us 

© from the foothills to the highest peaks. 
They have in common the description of 
what physics is really like — not the 
acquiring of facts but the pursuit of ideas. 
It is appropriate to conclude with the 
quotation by Einstein (1951), on the front 
page of Knight and Allen’s book: “All 
these fifty years of conscious brooding 
have brought me no nearer to the answer to 
the question ‘What are light quanta?’.”’ 
Nowadays every Tom, Dick and Harry 
thinks he knows it, but he is mistaken! 











H. Lipson is Emeritus Professor of Physics at 
the University of Manchester Institute of 
Science and Technology. 


ne ee 
4. High in fibre 


J.T. Chilwell & S.D. Smith 


Optical Waveguide Theory. 

By Allan W. Snyder and John D. Love. 

Chapman & Hall: 1983. Pp. 734. Hbk 
£29.95, $78; pbk £15.95, $29.95. 


Aaeeea r 


ONE of the biggest problems in writing a 


comprehensive textbook on optical wave- | 


guide theory is that of coping with the 
wealth of mathematical detail which 
surrounds the subject. In this book, Snyder 
Aand Love have found an excellent solution 





supplementary sections ‘‘both to augment 
any deficiencies in mathematical back- 
ground and to provide a self-consistent and 
rigorous mathematical approach’’. Thus in 
Parts I and II they are able to concentrate 
on the underlying physical processes while 
developing the waveguiding concepts. 


_ The result is an authoritative and very | 


te readable account — the physical concepts 





by providing, in their third and final part, 


discussed in parallel with the relevant. | 


| TEXTBOOKS 


mathematics, and where proofs are not 
given, or only partially given, the steps are 
outlined in sufficient detail to allow the 
reader to work them through himself. 
Although the book is designed for both 
undergraduate and graduate students, 
however, a reasonable level of mathe- 
matical sophistication is assumed. 

` In Part I, the authors begin with the 
planar slab, the ray analysis as applied to 
multimode guides being developed from 


the eikonal equation. Where appropriate: 


bound, refracting, tunnelling and 
tunnelling-refracting rays are considered 
on circular and non-circular, uniform and 
non-uniform (axial direction) fibres. 
Approximations of formulae in the weakly 
guiding case are given, and worked 
examples include step, infinitely graded 
and clad-power law profiles. Absorption, 
material dispersion, bends and nonuni- 
formities are considered, as well as fibre 
excitation by collimated and diffuse 
sources, impulse response, ray transit times 
and pulse shape/distortion, 

In contrast Part II deals with the electro- 


magnetic analysis of optical waveguides, | 


with emphasis on fibres which support only 
single or a few bound modes. Modal (eigen- 
function) methods and to a lesser extent 
Green’s function methods are employed, 
and as few solutions are tractable much of 
the analysis is reduced to the weak guidance 
approximation. Normalized parameters 
are used throughout and the topics include, 
among others, sources within fibres, the 
Gaussian approximation, coupled mode 
equations, cross talk, plus those covered in 
Part I (with “ray” replaced by ‘“‘mode’’). 
The discussion of leaky modes is partic- 
ularly clear. 

The presentation of the book is extre- 
mely good: key words and concepts are 
stressed in italics, key equations are boxed, 
formulae are collected in tables for easy 
reference and the text is well illustrated 
with helpful diagrams. Over 150 problems 
with complete solutions are integrated with 
the text. 

The title Optical Waveguide Theory 
Suggests a larger scope than is actually the 
case, since the authors concentrate on 
fibres emphasizing those properties 
relevant to long range optical communi- 
cation. Although the physical and mathe- 
matical principles are relevant, there is no 
specific discussion of the channel/rib guide 
or of components employed in integrated 
optical systems which are popularly 
synonymous with optical waveguiding. 
There are also few references to the liter- 
ature, but this is no great drawback because 


of the self-contained development of the | 


subject matter. In all, the book will be of 
great interest to scientists and engineers 
working in the optical waveguide field and 
constitutes a most useful reference volume 
to this important technological topic. J 


L Teemana er 


John Chilwell is a Research Associate and 


-S D. Smith a Professor in the Department of 
Physics, Heriot- Watt University. 
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KNOWLEDGE of the structure of immunoglobulin molecules? 
and the genes*° encoding them has furthered our understanding 
of the function of B cells and the generation of diversity of 
immunoglobulin molecules. The findings have led to the con- 
clusion that immunoglobulin molecules are generated by a series 
of gene rearrangements and RNA splicing events** that result 
in polypeptide chains consisting of variable and constant 
regions’~°. These regions can be subdivided into domains held 
together by interchain and intrachain disulphide bridges situated 
at the same relative positions!~’, 
_In-contrast, very little is known about the generation of T-cell 
specificity and diversity. Some investigators believe that there 
is a Close relationship between immunoglobulin and the protein 
that is responsible for specificity of T cells (the T-cell recep- 
tor)®?, while others speculate that entirely different mechanisms 
~ ~ Or sets of genes are used by T cells'”, During the past year, 
4,..° several laboratories have produced monoclonal antibodies that 
recognize antigens specific for individual clones of human and 
murine T cells''~*°. These idiotypic proteins may be part of the 
human or murine T-cell receptor. Although the identification 
of these tentative T-cell receptor proteins has aided in. the 
definition of their sizes and complexities!*"'®, their structures, 
relationships to immunoglobulins, and biological functions. are 
not clear. Progress in this area. has been impeded by the lack 
of highly purified preparations of these proteins and the absence 
> of molecular cones encoding T cell-specific surface antigens or 
~ “receptors. | 


- Cloning of T cell-specific mRNA 
In an attempt to clone mRNAs specific for T cells, we used the 
human leukaemic T-cell line, MOLT-3 (ref. 17), which, like 
other human T-cell lines, is known to express T cell-specific 
antigens'*°. mRNA was isolated from MOLT-3 cells by 
oligo(dT)-cellulose column chromatography. Double-stranded 
cDNAs were generated using the approach described by Land 
et al.*° and inserted into the BglII site of the vector pFP502EB5 
(ref. 21) after selection of 0.5-2-kilobase (kb) fragments by 
preparative agarose gel electrophoresis. The cDNA was inserted 
by transfection into Escherichia coli strain HB101, and 10,000 
_ independent clones were obtained. A survey of 25 of these 





xpected size, — 
















Chosen at random indicated that the cDNA inserts were of the 








a 
Isolation of T cell-specific clones 


To screen for cDNA clones of mRNA expressed either exclus- 
ively or preferentially in T cells, the clones were grouped on 
the basis of their relative levels of expression in MOLT-3 cells 
and in the human B-cell line, HSC-58 (see Fig. 1 legend). Four 
of these clones, YT30 (insert size 1.3 kb), YT35 (1.3 kb), YT53 - 
(1.3 kb) and YT76 (0.6 kb), had similar restriction enzyme maps 
and were all found to hybridize to mRNA from MOLT -3 cells 
but not to that from HSC-58 cells by Northern gel analysis: A 
single band of 1.3 kb was detected in MOLT-3 cells (Fig. la) 
To test whether this message was specific for MOLT-3 oTo. 
cells in general we probed RNA from several haematopoietic 
and non-haematopoietic cell lines and cells. In. addition to 


MOLT-3, two other human T-cell lines (Jurkat-and CEM) 


showed a single 1.3-kb band by Northern gel analysis (Fig. la). 
In contrast, no hybridization. was evident with RNA from the 
following: two other human B-cell lines (RPMI 1788andRPM1 
3638), lymphocytes from a patient with B-cell mo 
phocytic leukaemia (B-CLL), a human myeloid cell line (K 562), 


a cell line derived from an acute myeloblastic leukaemia (AML) 
patient (provided by H. Messner), 
cells or a human bladder tumour 


thymocytes (provided by E. Gelfand), phytohaemagglutinin _ 
(PHA)-stimulated human peripheral blood T cells, and the | 
murine T-cell line RBL-5—RNA from these sources all showec 

the typical single band in Northern gels (Fig. 1b). The level o 
hybridization to these RNAs, however, was varied. The thymus 
cells showed the greatest hybridization, followed by.PHA-stimu- = < 









lated T lymphoblasts, and finally the murine T-cell line RBL-5. 
In contrast, the control RNA from the human B-cell line, .— 


HSC-58, and the RNA from a murine myeloma cell line, X63, Se 
showed no hybridization. mis 

Taken together, these data show that the cDNA clones YT30, 
YT35, YTS3 and YT76 are similar to RNA from T cells of 
both human and murine origin, but not to RNA from o 
haematopoietic or non-haematopoietic sources, 


Protein identity of clone YT35 
To determine the size of the prote 3 


co peci 






chronic lym- 


normal human bone marrow __ 
line (MGHU-1). Additional es 
T-cell populations were also examined, including fresh human 
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vas hybridized to clone YT35 or YT76. After the unattached 

nRNA was washed off, the annealed mRNA was released and 
ranslated in vitro using a rabbit reticulocyte lysate system. 
‘igure 2 shows the protein that was synthesized. Two polypep- 
ide bands were detected, one corresponding to a molecular 
weight (M,) of ~45,000 (45K) and the other ~30K. The larger 





polypeptide was intrinsic to the in vitro translation system as it 
was present in the control without added RNA (data not shown), 
whereas the 30K polypeptide appeared to be encoded by the 
mRNA selected by these T cell-specific cDNAs. 





Nucleotide and protein sequences of YT35 
The nucleotide sequence of clone YT35 was determined using 


í the dideoxy chain terminating inhibitor method of Sanger et 

a N 9 al.?3. a sequence of 1,151 nucleotides is shown in Fig. 3. Examin- 
S E § A N ation of this sequence reveals a long open reading frame with 

§ Y $ 2 NEEN S RK a TGA termination triplet at position 974. A protein that 
Ss ¢ xo Ce rrtn initiates at the first ATG methionine codon in this reading frame 
Ses ads sc ` Ò K (position 38) has a deduced molecular weight of 34,938, which 
SISE EPEY ş is in general agreement with the results of hybrid selection and 


in vitro translation (Fig. 2). There are stretches of nonpolar and 
uncharged amino acids adjacent to the N and C terminal, and 
two possible sites of N-glycosylation (Fig. 3). 

To establish whether the deduced amino acid sequence of the 
T cell-specific clone is similar to any of the immunoglobulin- 
or T cell-related protein sequences, we surveyed these proteins 
by diagonal dot-matrix analysis**. The protein sequences 
deduced from clone YT35 showed a long region of similari 
to a murine A light chain?> (Fig. 4a) and human A°° and « 
light chains. This homology is more easily recognized when the 
background is reduced by looking for = 35% similarity over 21 
contiguous amino acids. The resulting plots (Fig. 4b-d) show 
that there are two stretches having high similarity: one near the ~ 
C-terminal side of the variable region and the other near the 
N-terminal side of the constant region. Figure 5 shows a direct 
comparison of these sequences. The highest degree of similarity 
that was detected in Fig. 4 corresponds to the region surrounding 
the cysteine residues at positions 111 and 166 in the YT35 
sequence. The sequences are quite similar near the cysteine 
residues at positions 42 and 231 also. Figure 5 also emphasizes 
the similarity of the amino acid sequences that was detected 
along the entire light-chain protein in Fig. 4a. Less pronounced 
homology was also found to the heavy chain of human”? and 
murine?’ immunoglobulin (not shown), but there was no sig- 
nificant similarity to murine H-2 (ref. 30), Thy-1 (ref. 31) or 
human histocompatibility locus antigens**. The stretch of 249 
amino acids that overlaps with the light chains is 33% identical 
to the murine A light chain and 38% identical to the constant 
region. The similarity increases to 59% and 58%, respectively, 
if one takes into consideration conservative changes. The © 
homology with the constant region of human A light chain is y 
comparable, with 36% identical amino acids and 61% if con- 
servative changes are taken into account. Note that the protein 
encoded by clone YT35 is equally similar to the human and 


7 








Fig. 2 SDS-polyacrylamide gel elec- 1 2 
trophoresis of the in vitro translation prod- 
ucts of the mRNA that hybridizes to 
clones YT35 and YT76. In vitro transla- 
tion products are from MOLT-3 RNA 
hybrid selected with clone YT76 (lane 1) 
or YT35 (lane 2). The positions of 





Fig. 1 Northern blot examination of T cell and non-T-cell RNA 
for hybridization to clone YT35. T cell-specific clones were 
obtained by a differential hybridization described previously”. 
RNA was extracted from cells in the presence of guanidine 


thiocyanate, treated with glyoxal, then 10 pg were electro- 


phoresed through 1% agarose in 10 mM sodium phosphate buffer, 
pH 7.0. Transfer of the RNA to nitrocellulose membranes was 
carried out as described”. Hybridization was to **P-dCTP- 
Jabelled, nick-translated clone YT35 (a) or a 0.4-kb BgliI-Xbal 
fragment of YT35 which is internal to the cDNA insert (b). a, 
RNA is from: lane 1, the human bladder cell line MGHU-1 
(provided by Dr L. Tannock}; (2) normal human bone marrow, 
(3) a human erythroleukaemia-like cell line from an AML patient; 
(4) a human myeloid cell line, K562 (ref. 33); (5) human B-CLL 
cells; lanes 6-8, human B-cell lines**; and lanes 9-11, human 
T-cell lines'®. Cell lines in lanes 2, 3 and 5 were provided by Dr 
H. Messner. b, RNA is from: lane 1, human thymocytes (provided 
by Dr E. Gelfand); (2) PHA-stimulated human T-lymphocytes; 
(3) a human B-cell line*’; (4) a murine T-cell line, RBLS (provided 
by Dr R. Miller); and (5) a murine myeloma cell line X63 (provided 
by Dr N. Hozumi). 


molecular weight standards run in neigh- 
bouring lanes are marked (in kilodaltons), 
and the 30K specific protein is indicated 
with an arrow. Hybrid selection was done 
according to the procedure of Parnes et 
al.??. Briefly, poly(A)” RNA (isolated by 
oligo(dT)-cellulose column chromatogra- 
phy) from MOLT-3 cells was annealed to 
10 pg of plasmid YT35 or YT76 that had - 
been bound to nitrocellulose filters. These 
were extensively washed to remove 
unbound RNA. Annealed RNA was 
released by boiling and translated in the 
presence of *°S-methionine (Amersham) 
using rabbit reticulocyte lysate in vitro translation kits (BRL). The 
products were electrophoresed on a 10% polyacrylamide-SDS 
gel? which was treated with En*Hance (NEN) dried and exposed 
to Kodak XAR-5 film at ~70°C. _ : 
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Se ko Het AspSerTrpthrPheCysCysvalSerLeuCyslleLeuValAlaLysiis 18 
OTOGTCTAGAATATECCACATCTOCTCTCACTCTGCCATGGACTCCTOGACCTTCTOCTOTGTOTCCCTITOCATCORON TA eo 
10 20 30 40 50 60 70 80 90 





ACAGATOCT EGLO PTAA ener ProkrgHisG1uValThrG1uMetG]yG1nGluvVal TarLeudrgCysLysProfleserGlyits 48 
A AAT eed AGT TATCCAGTCACCCCGCCATGAGOTGACAGAGATGGGACAAGAAGTGACTCTGAGATOTAAACCAATT Pen eet 


ulleTyrPheAsnAsnAsnVaiPro! leAspAspSerGly 78 





OOA aan PA gPheSerA laLysMetProAsnA 1aSerPheSerThrLeuLysI 1eG1nProSerGluProArgAspSerA lava] 108 
CATO A GOATCGATTCTCAGCTAAGATGCCTAATGCATCATTCTCCACTCTGAAGATCCAGCCCTCACAA OCIO a nnana lava 
280 290 300 310 320 339 340 350 360 


TACTTOTOTOCOR on er PheSerThrCysSerAlaAsnTyrGlyTyrThrPheGiySerG1yThrArgLeuThrYalValGluAspLeu 138 
PO CAGI TCTCGACCTGTTCOOCTAACTATOGCTACACCTTCGGTTCOGGCACCAGGTTAACOOTTOTAOA Ca nus 
370 380 390 ROG 410 #20 _ 430 iO yso 


AACANGOTOT e Ca oG luVal Ala Val PheGluProSerGluAlaGlul leSerH1sThrGlnLysAlaThrLeuValCysLeuAla 168 


Aago ACGCGAOGTCOCTOTGTTTGAGCCATCAGAAGCAGAGATCTCCCACACCCAAAKGOCCACAGTOUTGToocraae 
460 870 480 490 500 510 -520 530 540 


NAOT rere ee abi sValGluLeuSerTrpTrpValAsnGlyLysG1uvalliisSerGlyValSerThrAspProGinProLeu 198 
CA CAOC rro TTCCCCGACCACOTOGAGCTGAGCTGGTGGGTGAATGGGAAGGAGGTOCACAGTGOGOTCAGCA CACA OOOO rece 
550 560 570 580 590 600 610 620 §30 


AAGGACCAGCCCOC nr C AaRAnpSerArgTyrCysLeuSerSerArgLeuArgValSsrAlaThrPheTrpOlnAsnProArgAsnHis 228 
CAACGAGCAGCCCOCCCTCAATGACTCCAGATACTGCCTGAGCAGCCOCCTGAGGGTCTCOGCCACCTTC TOOT AOA Onena anA 
640 650 660 670 680 690 700 710 T20 


Teen nealGlaPheTyrGlyLeuSerGlussnkspGlutrpThrGlnAspArgalaLysProValThrGlal leValSerhie 258 
reee roo MMOTCCAGTTCTACGGGCTCTCGGAGAATGACGAGTGGACCCAGGATAGGGCCAAACCCGTCACCCAGAT OG erent 
730 740 750 760 770 780 799 800 810 


O O Oa ArgA LaAspCyaGlyPheThrSerValSerTyrGinGlnClyValLeuSerAlaThrlleLeutyrGlutleLeuLeu 288 
Aaa e o gUTAGAGCAGACTOTGGCTITACCTCGGTOTCCTACCAGCAAGGGGTCCTOTCTOCCACCATCCTCTaTGAGAT oe 


820 830 840 850 860 870 880 890 900 

terete. rehearing aaan aa a Ea a aaao a NN ENN 
Ooan yaAlaThrLeuTyrAlaValLeuValSerAlaLeuValLeuMetAlaMetVaiLysArgLysAspPhesss 312 
CCCA AGO COACCCTOTATGCTGTGCTOGTCAGCGCCCTTOTATTGATOGCCATGGTCAAGAGAAAGGATTTCTGAAGOCAGCCCTOGAA 

910 920 930 940 950 960 970 980 990 


eee Ag ACCTTCTAACCCOTCATGOTTCAATACACATTCTTCTTTTOCCAGCOCTTCTGAAGAGCTOCTCTCACCTOTCTOCATC 
1000 1010 1020 1036 1040 1050 1060 1070 1080 


CCAATAGATATCCCCCTATGTOCATGCACACCTGCACACTCACGGCTGAAATCTCCCTAACCCACGOOGAC 
1090 1100 1110 1120 $130 1140 1150 





-codons of the protein encoded by YT35 
_ arrowed. Pea 











Fig. 3 Nucleotide and deduced amin 
sequences of the T cell-specific clone Y 
The deduced amino acid sequence of 
largest open reading frame is ‘show 
the nucleotide sequence, with ov 
indicating nonpolar amino acid stretche 
the termini, and underlining indicat 1g po 
be 





ible sites of N-glycosylation. The m 
shows the positions of the methionir 
(bars below line) and terminatio 
(bars above line) of the three coding 
Presumptive initiation and -termi 











resulting fragments blunt, where. necessary, 
by treatment with the large fragment of E 


coli. DNA polymerase I (Boehringer 
Mannheim) and deoxynucleotide triphos= =. 
phates, fragments were ligated into the Smal 
site of the replicative form of the phage vector. : 
Mi3mp9, and sequenced as before2*. 
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Human T-cell-specific clone YT35 


Fig. 4 Diagonal dot-matrix comparison of the deduced amino acid sequence of clone YT 

-human immunoglobulin light chains. The abscissa represents the “YT35 sequence while the 
a and b), and a human A% (c) or «2? (d) light chain. In a, wherever the a 
dot was plotted, that is, the stringency was se’ ote 

when >7 within a span of 21 consecutive positions were 
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c Fig. 5 Direct comparison of the , 
deduced amino acid sequence of * 
~ clone YT35 and those of murine” 
~~ and human?® A light chains. The cys- 
<0 feine residues at positions 42, 111, 1 
~ 166.and 231 of YT35 are underlined. 
. Identity between the sequences is : 
"indicated by an asterisk (*) and ver- 58 
“tical lines (|) denote conservative 
~~ changes. Gaps (—) were. introduced yy 
~~ to increase the match-up. To identify 
.. conservative changes, the amino 
acids were grouped as . follows. 
= Acidic: aspartic acid (D) and 
_ glutamic acid (E); basic: histidine 
(H), lysine (K) and arginine (R); 
uncharged polar: asparagine (N), 
‘glutamine (Q), serine (S) and 
threonine (T); nonpolar: alanine 
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MDSWTFCCVS~~-LCILVAKHTDAGV1Q-SPRHEVTEMGQEVTLRCEPISG~~HNSLFW~YROT-MMRGLELLIYPNNN-V  YT35 
s» ijja as j fp epee ey oje oe ey je pe ey | œ | TEE Peertiie | 
-19 MA-WTSLILSLLALCS-GASSQ~AVVTQESA-~LTTSPGCTVILTCRSSTGAVTTSNYANWIQEKPDHLFTGLIGGTSNRA Murine k Light chain 
=- Signal Peptide —» ws HURI wae < HVR2 » 
PKAN-PTVTLFPPS Human à light chain 
+! ee j@ +z 
73 PIDDSCMPEDRFSAXMPNASFSTLKIQPSEPRDSAVYPCASSFSTCSANYGYTFGSGTRLTVVEDLN-KVPPPEVAVPEPS  YT35 
+e aun} i H e vj; x o;aane # * {pas wa; peey tt EJ a] e tt 
Pama -OVP-VRESGSLIGDKAA-LTITGAQTEDDAMYFCALWE ~---RNH-FVFGGGTKVTYL--GQPKST-PTLTVFPPS Murine à light chain 
wz HVR3 -e e- J Region == 
SEELQA-NKATLVCLISDFYPCAVTVAWKADGSPVKAGVETT-KPSK-QS--N-NKYAASSYL--SLTPEQ-WKSHRSYSC Human ì light chain 
E Sti jaeeae ee tj a # i x i * a} ae # *# 8 & * [pep | ee * aie] * tiie i @ 
153 EARISHTOQKATLVCLATGFFPDHVELSWWYNGKEVHSGVSTDPQPLKEQPALNDSRYCLSSRLAVSATEWQNPRNH--FRE  YT35 
; a} { joanen] se +j; # jos H jee a i# 8 j E E E pes i] 4 * jeje * # 
125 SEEL-KENKATLVCLISNFSPSGVTVAWKANGTP I TQGVDTS-NPTKE~~G~~-NKFMASSFLHL~~TSDQ-WRSHNSFTC Murine à light chain 
86 OVTHEGSTVEKTVAPTECS Human \ light chain 
eer eee if 
232 QVOFYGLS-ENDEWTQDRAKPVTQI VSAEAWGRADCGFTSVSYQQGVLSATILYEILLGRATLYAVLVSALVLMAMVEREDP YT35 


Murine A. light chain 


(A), cysteine (C), phenylalanine (F), glycine (G), isoleucine (1), leucine (L), methionine (M), proline (P), valine (V), tryptophan (W) and 
tyrosine (Y). Regions of interest in the murine A light chain are marked. HVR, hypervariable region. 


murine light chains, and that the similarity is highest where the 
human and murine light chains are most conserved between 


themselves. Also, the highest similarity to the A and x chains 


occurs at different positions (Fig. 4). 


Implications 

_ Here we have reported two important findings: first, we have 
“isolated a human T cell-specific cDNA clone, and second, we 
have determined that the protein which it encodes, as deduced 
from the nucleotide sequence, resembles human and murine 
immunoglobulin light-chain molecules. The protein sequences 
are similar in the relative locations of the cysteine residues, but 
more importantly, they show extensive homology over the entire 
“Jength of the variable, joining and constant regions. The stretch 
of hydrophobic amino acids at the N-terminus resembles a signal 
peptide, and the hydrophobic region near the C-terminus 
resembles a membrane anchor, implying that the protein may 
be transmembrane, with the major part exterior to the cell. 
These structural features suggest that the protein encoded by 
“YT35 is part of the receptor that mediates specialized T lym- 
- phocyte function. 

© The finding of immunoglobulin-related sequences in a T cell- 
“specific mRNA led us to consider the possibility that the 
sequence arose as an artefact during cDNA synthesis. We con- 
sider this unlikely for the following reasons. The lengths of the 
‘inserts of clones YT30, YT35 and YTS3 are all 1.3 kb, which 
_ is the same size as the mRNA from the different T cells examined 
to which these clones hybridize. Also, the MOLT-3 cells from 
“which we generated the clones do not produce immuno- 
globulin*’, thus it is unlikely that the immunoglobulin-related 
sequences arose during reverse transcription. Furthermore, the 
amino acid sequences of clone YT35 and immunoglobulin light 
- chains, while being significantly similar, are not identical. Finally, 
© «DNA clone YT35 does not hybridize to immunoglobulin 
-mRNAs present in bone marrow cells and B-cell lines which 
_ produce the heavy and light chains (A and x) of immunoglobulin 
-. molecules** (Fig. 1). In fact, the homology between immuno- 
~ globulin light chains and clone YT35 is much more difficult to 
< detect at the nucleotide level than at the amino acid level. Thus, 
x: we conclude that the light chain-like sequences are an inherent 
part of the T cell-specific mRNA. 

-This conclusion raises some interesting questions concerning 
the role of the YT35-encoded protein in the specialized func- 
-tibns of T cells. The nature and function of this protein are 
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unknown; it may be similar to the known T cell-specific anti- 
gens**, or to the a- or B-subunits of the recently identified 
putative T-cell receptors'*"'®. The physical properties of the 
protein encoded by clone YT35 cannot easily be compared with 
those of the other T cell-specific proteins which are post-transla- 
tionally modified and have glycosyl side chains! 1574, even 


though there are potential N-glycosylation sites at positions 90 


and 205 in the YT35 amino acid sequence. Nonetheless, the 
similarity in size, the relative locations of the cysteine residues 
and the homology to immunoglobulin light chains suggests that 


_ the protein encoded by YT35 and the immunoglobulin light 


chains may have evolved from the same ancestral protein and 
may have related functions. That the YT35-encoded protein is 
not more closely related to the human than the murine light 
chain suggests that these proteins may have diverged before the 
species diverged, while the ability of the human clone to hybrid- 
ize to a murine T-cell mRNA indicates that the gene is highly 
conserved between the species. The conservation of sequence 
around the cysteine residues suggests the possibility that the 
disulphide linkages are maintained and that the overall structure 
of these molecules is similar. When the immunoglobulin light 
chains are aligned with the YT35-encoded protein to show 
maximum homology, the C-terminus of the YT35 protein, which 
has a stretch of 17 uncharged or nonpolar amino acids followed 


by four charged amino acids, extends past that of the light chains a 
(Fig. 5)—this is reminiscent of membrane-bound immuno 
globulin molecules on the surface of B cells, where the heavy 


chains have an extra peptide at the C-terminus with a similar 
structure that anchors the molecule to the membrane**”*. 
Alternatively, it is possible that the similarity of the structure 
and sequence of the YT35-encoded protein to the immuno- 
globulin molecules is fortuitous and that this protein is involved 


in other T-cell functions. Results in our laboratory do indeed 


show rearrangement of DNA fragments homologous to YT35 
in T-cell lines (B. Toyonaga et al., manuscript in preparation). 
These results, taken together with the striking similarity of the 
deduced amino acid sequence of YT35 to the immunoglobin 
chain, suggest that YT35 may indeed correspond to a message 
that specifies the human T-cell receptor. 
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several T-cell hybridomas. These characteristics suggest that it encodes one chain of the elusive antigen receptor on the 


surface of T lymphocytes. 


T LYMPHOCYTES, like B lymphocytes, are capable of recogniz- 
ing a wide range of different antigens! As with B cells, the 
ability to recognize a given antigen is fixed in any particular 
< Clonal line of T cells. However, unlike B cells, T cells appear 
fo recognize antigens in combination with self major histocom- 
-= patibility (MHC) determinants*~, In view of the similarities to 
< B cells; early ideas as to how T cells recognize antigens centred 
on the use of either entire antibody molecules’ or at least some 
of the separately encoded (in the germ-line genome) segments 
that make up the antigen-binding sites of immunoglobulin heavy 


and light chains™"?. But despite early reports that antibodies 


against immunoglobulin antigen-binding sites can react with T 
cells >" and recognize a target closely linked to the immuno- 
~ globulin heavy-chain locus!®!7, attempts to demonstrate an 
involvement of immunoglobulins in T-cell antigen recognition 
have proved consistently negative®!?, 
More recent investigations have taken a route largely indepen- 
dent of the antibody models and have succeeded in raising at 
first antisera'* and then monoclonal antibodies!?-2 that specifi- 
cally recognize particular T-cell lines or hybridomas. Some of 
these antibodies have been shown either to inhibit2°-2? or stimu- 
late’? the response of a cell in a clone-specific fashion. Several 
groups have used these antibodies to immunoprecipitate disul- 
phide-linked heterodimers, composed of two distinct glyco- 
proteins of molecular weights 37,000-50,000 (refs 19-22}, both 
of which appear to have variable and constant regions*>:**, 
_ We have taken a different approach to this problem and have 

attempted to use the techniques of molecular genetics to isolate 
rom a series of antigen-specific, MHC-restricted T helper 
hybridomas*>”* the genes that encode their antigen receptors. 
Our approach was based on the following assumptions about 
the nature of the T-cell receptor genes: (1) That they should 
be expressed in T cells but not in B cells. (2) That the mRNAs 
for the T-cell receptor proteins should be found on membrane- 
bound polysomes, as one would expect the nascent receptor 
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‘The number of different species in a given mRNA populatior 


mRNA hybridization reactions*!. In this case, labelled cDN 
__ was synthesized from cytoplasmic poly(A)* RNA of the T 
hybridoma M12 (ref. 26), the RNA template was re 





sity of California _ 








-the cDNA hybridized to the original RNA. Th 


polypeptides to attach to the endoplasmic reticulum by aleader 
peptide, or signal sequence?’, (3) That like immunoglobulin 
genes those that encode the T-cell receptor, proteins should be _ 
rearranged in T cells as a mechanism of generating diversity 
and consequently increasing the antigen-recognition repertoire. p 
(4) That like immunoglobulin genes they should have constant 
regions (as they presumably share at least some functions) and 
variable regions, would confer the antigen-binding specificity. 
“An experimental Strategy could be developed on the basis 
of these assumptions, as B and T cells differ in only a small 
fraction of their gene expression (~2%, or 200-300 different 
sequences”*; M.M.D. and W, E, Paul, manuscript in prepara- 
tion) and only a small proportion of lymphocyte mRNAs 
appear to be in the membrane-bound polysomal fraction 
(~3%)*°. Thus, by synthesizing 32P-labelled DNA copies _ 
(cDNAs) of the membrane-bound polysomal RNA of antigen- oe 
specific T cells and removing by RNA hybridization those 
sequences also expressed in B cells, one should be left witha 
specific probe representing a very small fraction of total T-cell. 
gene expression and likely to include copies of the mRNAs that ~ 
encode the T-cell receptor. This probe can then be used to 
screen a library of cloned cDNAs”, and the clones thus identified 
could be used to look for somatic: gene rearrangements in T 
cells. Further restriction mapping and sequence analysis of the 
cDNA clones derived from different T cells might reveal variable 
and constant regions. We have carried through this strategy, 
and have managed to obtain a cDNA clone ( TM86) representing 
mRNA that is expressed specifically in T cells, found in the os 
membrane-bound polysomal fraction and encoded by genomic - 
DNA that has rearranged in T cells. 









Analysis of T-cell mRNA 


can be estimated from an analysis of the kinetics of ‘cD 
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No. 
E Labelled Cah /2 of mRNAs 
cDNAs Component Fraction Cof;2 Pure species per cell 
Cytoplasmic 1 48.6% 0.52 O18 130 1050 
7 2 51.4% 474 17.7 12,900 12 
Free I 56.8% 6.12 0.048 ~= — 
ae 2 43.2% 25.6 7.77 m mama 
Membrane- 
“bound 1 676% 0.12 0.058 —— — 
E 2 32.4% 15.7 3.8 — —_ 
MB THB 1 41.7% 1.25 0.25 i me- 
2 58.3% 92.8 26.0 7 ma 
MB TÄ subtraction 
. Reaction Double-stranded Single-stranded 
i 91.3% 8.7% (Tei27 Brisa) 
2 32.5% 67.7% (Th c Biga) 
3 44 A% 35,6% (Tnt Tmn 





Least-squares fit analysis? of the reactions shown in Fig. 1. The 
curves were fitted to two components with root mean square (r.m.s.) 
errors of 0.03-0.05. The fractions were normalized to 100% and both 
uncorrected and ‘pure’ Cof,;2 values are shown. The number of species 
was determined using the corrected Coty ;2 values and an average MRNA 
sizeof 2,000 nucleotides’. Purified ovalbumin mRNA (given by G. 
‘Stanley McKnight) was used as a kinetic standard. The calculation of 
numberof mRNAs per cell is based on the average of 300,000 cytoplas- 
‘mic poly(A)” RNAs we observe in most T hybridomas in log phase 
growth. The MB T~ B analysis draws on the data in Fig. 1b. As we 
‘reproducibly find that the remaining B cell-reactive material consists 
largely of small, very slowly reacting cDNA which introduces a phy- 
siologically irrelevant slow component into the Cot analysis (M. M. D. 
and W. E. Paul, manuscript in preparation), we subtracted the back- 
ground curve directly from the homologous curve and computer fitted 
the difference. In this case, the LIOA reaction with the MBT 47 B is 
‘subtracted from the M12 reaction and fitted as shown in this table, The 
second part of the table summarizes the cDNA subtraction, with two 
successive subtractive hybridizations with B-cell (LIOA) RNA follow 
by a back reaction with homologous (M12) RNA to remove unreactable 
sequences. The repetitive yield is 50-65% for each round of reaction 
‘and it is not selective for single-stranded or double-stranded nucleic 
acid (M. M. D. and W. E. Paul, manuscript in preparation). The 
“single-stranded fraction is carried through to the next step from both 
-reactions 1 and 2, and the double-stranded fraction of reaction 3 is the 
` material analysed in Fig. 1b and which represents 2.6% of input mem- 
brane-bound polysomal cDNA, normalizing for yield losses. As the 
analytical reactions (Fig. 1b) indicate that 61% of this material rep- 
resents T cell-specific sequences, 1.6% (2.60.61) of the initial cDNA 
is unique to T cells. As the membrane-bound RNA represents only 
15% of the total, this value is further reduced by this fraction (1.6% X 
0.15) to yield 0.24% of the mass of the cytoplasmic MRNA. As perhaps 
an equal amount of these same sequences are found in the free polysomal 
fraction (see text), the value of 0.24% must be revised upwards to 
0.5%, This number is then divided into abundant and rare fractions as 
indicated in the table and the number of sequences of average size 
derived (~ 1 for component 1 and 70 for component 2). 





Rot) curve was computer-fitted by the least-squares program 
earson; Davidson and Britten”? and is shown in Fig. 1a. 


-The analysis of this curve, presented in Table 1, indicates that 


"> there are about 13,000 different mRNA species in this cell line, 
-< most of which are in the rare abundance class (component 2 in 


‘Table 1) at about 12 molecules per cell. These findings are 


© typical of a variety of in vitro cultured cell lines? although 
<- somewhat higher than the 8,000 different species seen in a 


~ murine plasma cell line”’. Also shown in Fig. 1a are the reactions 


of cytoplasmic poly(A)” RNA with labelled cDNAs prepared 


—. from membrane-bound and free. polysomal fractions of RNA, 
> using the procedure of Mechler and Rabbits’’. Although a 
. striking feature of that report was the detection of virtually no 
rare mRNA species in the membrane-bound fraction of a plas- 









ytoma, the analysis of the data presented here (Table 1) 
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Fig. 1 Kinetic hybridization analysis of T-helper hybridoma 
mRNAs. a, Hybridization to an excess of cytoplasmic poly(A)” 
RNA of: O, total cytoplasmic cDNA; 4, free polysomal cDNA; 
and (J, membrane-bound cDNA. b, Hybridization of the MB 
T2-Buioa probe to M12 cytoplasmic poly(A)” RNA (©) and 
hybridization of the same probe to LIOA poly(A)” cytoplasmic 
RNA (C) 

Methods: Cytoplasmic poly(A)” RNA was prepared as described*® 
from an in vitro cultured hybridoma line (M12). Membrane-bound 
and free polysomal poly(A)” RNAs were prepared from these 
cells by the procedure of Melcher and Rabbitts’’. **P-labelled 
cDNA was synthesized from these RNAs using oligo(dT) and 
reverse transcriptase™’. cDNAs were depleted of template RNA 
by base hydrolysis and reacted in 0.5 M phosphate buffer*’, 0.1% 
SDS, 5mM EDTA in sealed glass capillaries with an excess of 
cytoplasmic poly(A)” RNA. Reactions were assayed by 
hydroxyapatite chromatography and analysed as described in Table 
1. Cot values as given are normalized for the effect of the high salt”. 





clearly indicates the existence of a rare abundance class com- 
ponent of the equivalent fraction in M12 cells. . 

When cDNA from membrane-bound polysomal RNA i 
repeatedly hybridized to B-cell mRNA and fractionated of 
hydroxyapatite (Table 1), the non-hybridizing DNA consists of 
76% of the input cDNA, and the reactions shown in Fig. tb 
(and analysed in Table 1) indicate that 61% of this fraction is 


T cell-specific and divided as shown between rare and moder- — l 


ately abundant classes (components 2 and 1 respectively, the a 
Cot; ;2 ‘pures’ of which are almost indistinguishable from those 


of cytoplasmic cDNA). Although only 15% of the polyribosomal 


RNA was membrane-bound in these cells, the T cell-specific: ed 


genes were found to. be as prevalent in the free polysomal asin ; 
the membrane-bound fractions of RNA. We therefore estimate $ 


that the pool of membrane-bound RNA derives from: 














































_ NATURE VOL, 308 8 MARCH 1984 














vATURE — —ARTICLES -~ 
_ Antigen specific, MHC restricted of the total polysomal RNA. Thus, the subtracted c 
Ty hybridomas (M12,2B4) (MBTii12~ Biioa) represents ~ 0.5% of the input cDNA 
l Ty hybridoma (3.3T)} ~ 70 different species (see Table 1 legend). This latter num 
could actually be an overestimate for the following rea 
Membrane-bound polysomal RNA J (1) Rare mRNAs have, in several cases**>5, been shown tob 
J 7 A l larger than the average mRNA. (2) A certain fraction (0.2 
Poly (A) viii 0.4%) of the cDNA difterences between any two mRNA popula 


Poly AF fraction tions are not reproducibly expressed in other cells of the same 
4 type, indicating a certain background level of random gen 
i expression or loss of expression (M.M.D. and S.M.H., un 











7 fies lished observation). (3) The use of total cytoplasmic RNA rath 
et ne H than polysomal may introduce a significant number of no 
H { translated sequences into the estimates. - 
t Subat w Weel cDNA clone isolation i 

Subtoct WT ; lymphoma line poly (Af RNA The strategy used to isolate cDNA clones representing mem 
yeenoms pe ore es pau) (Bal 17) brane-bound mRNAs expressed in T but not in B cells. is shown. 
H J in Fig. 2. Membrane-bound T helper (T,,) cell cDNA. probes. 
were subtracted with B-cell mRNA and used to screen a cDNA 
Synthesize second strand library that was itself the product of a Tu ~B cell reaction, and 
Screen Par visite ae 22 which was constructed as described previously” for a B cell- 
clones TUB specific library’. The Tu—B library was 20-fold enriched for 
H T cell-specific sequences as judged by the fact that 95% of the 
mass of the cDNA was removed in the subtraction (at the 
Selected cDNA | ; eee, L ja k e A 
rii a hydroxyapatite stage). As indicated in Fig. 2 the library of 5,000 
Fig.2 Strategy of clone isolation. ° P-labelled cDNA was synthe- selected clones was screened and rescreened by Standard pro: 
J sized from membrane-bound polysomal RNA of Ty hybridomas cedures using the MBT3p4~ Brioa probe. Thirty-five clones 
” and subtracted with B-cell mRNA (L10A). These probes were were screened and rescreened positive (TM clones). In order : 
then used to screen a selected cDNA library (Ta B) constructed to determine which clones were derived from the same mRNA 
as described” from another T,, hybridoma/B cell combination. species and which were different, as well as to remove any false 
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Fig.3 Southern blot analysis of TM 
clones. *?P-labelled inserts from the 
seven Clones indicated were hybrid- 
ized to Southern blots containing 
DNA from liver cells of strains B10. 
A and AKR, and DNA from 
BW5147 and the Tu hybridoma 
2B4. The DNAs were prepared by 
-standard methods*®, digested with 
the restriction enzyme Pvull, elec- 
trophoresed through 0.9% agarose 
and blotted onto nitrocellulose. 
Hybridization was in 50% for- 
mamide, 5 x SSPE? at 42 °C. Wash- 
ing was done in 2X SSPE at 55°C. 
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Fig.4 Analysis of other Tą hybrids for rearrangement of TM86. 
In this case, four additional antigen-specific hybridoma lines were 
examined for rearrangement using the TM86 probe and the pro- 
cedures outlined in Fig. 3 legend. B8/C2 and B14 are Ty, hybrids 
specific for insulin and C10 is a Th hybrid for lysozyme*”. 


positives, we *?P-labelled by nick-translation each positive clone 
to make labelled probes which were then hybridized to rep- 
resentative Northern blots. Five of the positive clones were 
reactive with B-cell mRNA, and the remaining 30 fell into one 
of 10 distinct patterns of mRNA size and expression. One of 
these 10 different clones cross-hybridized strongly with and gave 
a Northern blot pattern superimposable on a rat Thy-1 cDNA 
clone isolated by Silver and colleagues*’. As Thy-1 is a classical 
T-cell membrane antigen not expressed on B cells, the fact that 
it is one of the genes isolated in this small set is an important 
internal control. 

Our procedure for obtaining cDNAs of membrane-bound, T 
cell-specific mRNAs should have enriched for particular sequen- 
ces to such an extent that even very low abundance mRNAs 
are represented at levels comparable to those of abundant 
mRNAs in the original population. This should overcome the 
difficulties earlier workers have found in detecting low abund- 
ance mRNAs***!, In fact, hybridization of the inserts of the 
less abundant TM clones to the 3.3T-selected cDNA library in 
at least two cases indicates that we have been able to isolate 
DNA copies of mRNAs represented by only 1 in 100,000 clones 
in the unselected library. 


Somatic gene rearrangements 


-= To determine whether any of the seven TM clones which, on 
Northern blotting, were shown to represent mRNAs large 
-enough to encode T-cell receptor proteins'”~**, had been copied 
-from mRNAs encoded by genes that, like immunoglobulin 
_ genes, rearrange somatically, we prepared labelled probes from 
them which we hybridized to Southern blots of genomic DNA 
_ from the thymoma BW5147 (from the mouse strain AKR), 
- AKR liver cells, the antigen-specific T-cell line 2B4 (a fusion 
of T cells from B10.A mice with BW5147) and B10.A liver 
_ cells. The autoradiograms from Southern blots are shown in 
Fig. 3. Except for the restriction polymorphism. ‘between AKR 
and B10.A seen with TM8 (Thy-1), the patterns of hybridization 
«with each clone were identical for all the sources of DNA except 

n. ieee case of | TM86 eS bce Peale there was a ee 
















different pattern of Poull fragments that hybridized to the clone 
from either BW5147 or 2B4 compared with liver DNA from 
either of the parental strains. The clones surveyed here were 
also hybridized to EcoRI and HindIII digests of genomic DNA, 


and in each case only TM86 showed a significant difference — 


between the T-cell DNAs and liver DNAs. 

It would be expected that genomic rearrangements of a recep- 
tor gene should be different for T cells. of different antigen 
specificities. To test this possibility, genomic blots consisting of 
DNA from five antigen-specific T-cell hybridomas were hybrid- 
ized with a nick-translated insert from clone TM86. The results, 
shown in Fig. 4, demonstrate that DNA from each of the 
antigen-specific T cells gives a different pattern. Three different 
B-cell lymphoma DNAs give patterns identical to that of the 
liver (data not shown), indicating that this type of rearrangement 
may only take place in T cells. It is also significant that no 
restriction fragment length polymorphisms can be detected with 
TM86 between the two strains for which data are shown here 
or in the three other strains that we have examined, either with 
the Poull enzyme or several others. This diminishes the possibil- 
ity that the rearrangements could be due to the presence of a 
viral sequence since one would expect a highly unstable 
integrated viral sequence to be changing at least as dramatically 
in evolutionary time. 


Discussion 
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As previously demonstrated*** the techniques used in this @g” 


report provide a general means of isolating sets of genes that ~ 


are particularly important to the differentiated state of a. cell. 
This set should include at least a portion of the genes required 
for the specialized functions of the cell, as well as genes involved 
in regulation and cellular differentiation. As the set of DNA 
clones obtained is very small, elaborate screening procedures 
can be used to further define them. In cases where the target 
population is very small (~0.5% for the set of genes examined 
here) the enrichment of the relevant probe (~ X 200) is sufficient 
to allow the isolation of very rare genes. For the studies reported 
here, we were able to screen a small set of cDNA clones for 
possible somatic rearrangement of the genes encoding the 
mRNAs from which they were derived. Such a screening pro- 
cedure would be much too laborious if used to screen a large 
number of cDNA clones. An extensive characterization of TM86 
and related cDNA clones is presented in the accompanying 
repòrt”? 

The striking characteristic of TM86 is that the genes undergo 
somatic rearrangement in T cells but not B cells. The pattern” 
of Pvull fragments from liver DNA which hybridize to TM86 
consists of three closely spaced bands of 5.2-6.5 kilobases (kb). 
The T lymphoma BW5147 has retained none of the germ-line 
fragments, and instead shows a pattern of two bands different 
from any in the liver DNA. We conclude that BW5147 has 
rearranged one or both of its gene copies; if it has rearranged 
only one, then it must have lost the other. Consistent with the 
notion that TM86 represents one chain of the T-cell receptor, 
each of the different antigen-specific T-cell hybridomas has one 
or more new homologous restriction fragments. Interestingly, 


. each of the antigen-specific T-cell hybridomas has the same two 


fragments as BW5147, but has lost various of the germ-line 
fragments. Considering that immunoglobulin genes are the 
target of oncogene translocations in B lymphomas and plas- 
macytomas*’, it is attractive to speculate that the maintenance 
of the rearranged chromosomes of BW5147 reflects the trans- 
location of an oncogene to TM86. 
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Comparison of the sequence of a cloned T cell-specific cDNA with those of cross-reacting cloned cDNAs isolated from . 
a thymocyte library indicates the presence of variable, constant and joining regions remarkably similar in size and sequence ` 
to those encoding immunoglobulin proteins. Together with the evidence for somatic gene rearrangements reported in the _ 
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IN THE preceding paper’ we reported the isolation of a cDNA 
clone, TM86, which represents a species of mRNA that is 
expressed in T cells but not in B cells, encodes a membrane- 
associated protein, and is rearranged in T cells. We report here 
our further analysis by nucleotide sequencing of clone TM86, 
and also of several cross-reacting clones isolated from a thy- 
mocyte cDNA library. Our data reveal a remarkable 
resemblance between the amino acid sequences of the proteins 
encoded by the mRNAs represented by the TM86 and related 
cDNA clones and the immunoglobulin proteins of B cells, 
Immunoglobulin proteins have a characteristic primary and 
secondary structure made up of a series of intrachain disulphide- 
bonded domains (as reviewed in ref. 2). Both heavy and light 
immunoglobulin chains begin with a leader peptide of 17-29 
residues, followed by a variable region of 94-97 residues then 
a joining region of 13-17 residues (in heavy chains the variable 
and joining regions are separated by short ‘diversity’ elements 
of 1-14 residues). These elements are encoded separately in the 
germ-line genome by gene segments that are brought together 
during B-cell ontogeny** to generate an enormous range of 





different antibody genes. The domains of the constant regions 






ersity of Californi 





_. Position of the 5’ termini is presumably due to random ch 
-== termination during library construction. ee 


_ has a size of ~1,300 bases', by subtracting a poly(A) 


accompanying paper, this strongly suggests that the TM86 cDNA clone encodes one chain of the T-cell receptor for antigen. _ 


tide chain type and class) are encoded by separate exons’, but 
they do not appear to rearrange during development. The 
sequences of our T cell-specific cDNA clones has revealed a 
similar arrangement of constant and variable regions, strongh 
suggesting that the mRNAs that they represent encode polypep. 
tide components of the T-cell antigen receptor. == == 


of immunoglobulins (of variable number depending on polypep- i 



















Characterization of cDNA clones i 
In view of the evidence presented in the preceding paper tha’ 
the region of the genome represented by cDNA clone TM86 is 
rearranged in T cells, we sought to isolate cDNAs representative 
of independent rearrangement events by screening a thymocyte 
cDNA library (provided by C. Benoist} with TM86 using stan=. 
dard conditions”. Positive clones were subcloned into the EcoRI 
site of plasmid pUC9 (ref. 9). Partial restriction maps and the“ 
sequencing strategies’ are shown in Fig. 1 for TM86 and the 
three thymus-derived clones 86T1, 86T3 and 86TS. The 3 
termini of the 86T series of clones are all identical, as each clone 
has an internal EcoRI site in that region, and the variation in 





_ As the largest mRNA detected on Northern blots y vith 
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Fig. 1 cDNA clone sequencing strategy and regions of similarity. 
The TM86 cDNA clone was obtained as described in the accom- 
panying article’, and the insert excised by Pst] from the plasmid 
vector. The insert was 22P-labelled by nick-translation® and used 
to screen a Agt-10 cDNA library constructed from total thymocyte 
poly(A)” RNA from young, BALB/c mice (T. Huynh and R. W. 
Davis, unpublished protocol). Shaded areas indicate major 
similarities between the different cDNA clones. The 5’ > 3' orienta- 
tion was deduced from the large open reading frame of 86T1. 
Restriction sites indicated for 86T1 are shared within regions 
having the same shading on the cDNA clones. Sequencing was by 
the procedure of Maxam and Gilbert’®, with thick arrows rep- 
resenting 3’-end labelling and thin arrows 5’-end labelling. 


150-250 bases we would expect a cDNA insert size of around 
1,100 bases. Thus, the 938-base insert of clone 86T1 should 
contain most of the sequence of the mRNA it represents. The 
insert of 86T1 was completely sequenced and compared with 

partial sequences of the other clones (see Fig. 1). As implied 
by Fig. 1, the 3’ end of TM86 appears to be different from those 

: of the 86T series, which may have a bearing on thymic matur- 
ation and will be the subject of a separate report. 

The nucleotide sequences and predicted amino acid sequences 
of the four different cDNA clones are given in Fig. 2. It can be 
seen that an open reading frame exists throughout the entire 
86T1 insert, beginning with a methionine codon 22 nucleotides 

from the 5’ end and extending for 306 amino acid residues 
through the 3’ EcoRI site. The positions of cysteine residues 
and five potential carbohydrate attachment sites are indicated. 
‘Several interesting points are evident from these sequences: (1) 
Although all of the clones have identical 3’ end sequences 
(except where noted above for TM86) the 5’ end sequences are 
all very different. We have recently sequenced the entire ‘con- 
stant’ region of 86T3 (D. Becker and M.M.D., unpublished 
results) and it differs from the sequence of 86T1 by only a single 
nucleotide. This arrangement of constant and variable regions 
< is similar to that observed with immunoglobulin cDNA clones. 
- (2) Immediately following the methionine initiation codon there 
isa stretch of hydrophobic residues corresponding to the expec- 
ted leader peptide (the sequence Leu-Leu-Leu is common in 
` immunoglobulin « light-chain leader peptides), (3) 86T1 and 
- 86T5 share a 16-residue sequence between the constant and 
“variable regions that is not found in the sequences of 86T3 and 
< TM86, ‘Suggesting the existence of an independently assorting 
a -like region. (4) The positions of cysteine, and other, residues 
-is similar to that of immunoglobulin and related molecules. (5) 
< Clone 86T3 appears to be derived from a non-functional mRNA 
_ as it has stop codons in every reading frame. 


















-Similarity to immunoglobulins 
entify possible evolutionary relationships between the 
rence of cDNA clone 86T1 and other known sequences, we 
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rapid comparison programs of Wilbur and Lipman'’. From the 
Dayhoff bank of ~2,300 sequences, 25 were found to have a 
similarity to the 86T1 sequence greater than, or equal to, five 
standard deviations from the mean. Of these 25 sequences, 24 
were immunoglobulin sequences and one was of a class H human | 


major histocompatibility molecule (HLA-DCla). Further- ~*" 


more, it was found that the apparent variable region of 86T1 
matched with variable regions of immunoglobulins and the 
constant region with immunoglobulin constant regions (and in 
one case with the second domain of HLA-DCla, which has 
previously been shown to have a sequence related to those of 
immunoglobulins’). 

Figure 3 gives examples of sequences from the Dayhoff bank 
which match with parts of the 86T1 sequence. The closest match 
was found with a sequence just N-terminal of the third hyper- 
variable region of the heavy chain of the monoclonal antibody 
93G7 (ref. 13). This is the most highly conserved sequence of 
immunoglobulin variable regions, and surrounds the second 
cysteine at residue 92 which forms part of the characteristic 
intrachain disulphide bond of the variable regions domain’. 

Figure 4 shows a more detailed comparison between the 86T1 
sequence and those of murine immunoglobulin variable and 
constant regions, and demonstrates the clear immunoglobulin- 
like character of most of the 86T1 sequence. The similarity of 
the variable region of 86T1 to three different immunoglobulin 
variable region sequences'*'* i 


regions is comparable to that between the variable regions of 
immunoglobulin heavy and light chains. Of the 18 invariant 
residues of murine « variable regions and the 10 invariant 
residues of the heavy-chain variable regions, 13 and 6, respec- 
tively, are found in the 86T1 sequence. The outermost two 
cysteines of the 86T1 variable region are separated by a similar 
number of residues (68) to those separating the cysteines of 
immunoglobulin variable regions that form the intrachain disul- 
phide bonds* (65 amino acids for light chains and 70 amino 
acids for heavy chains). The alignment in Fig. 4 also predicts 
that the putative leader peptide of 86T1 will be cleaved just 
before the asparagine (N) residue at position 20 (Fig. 2). 

This similarity to immunoglobulins is also shown by the con- 
stant region of 86T1, particularly around the cysteine residue 
at position 164 (Fig. 45). It is interesting to note that the region 
N-terminal of this cysteine is more similar to hght chains and 
the C-terminal region is more similar to heavy chains. The 


similarity of the 86T1 sequence around the last cysteine residue gen 
(position 260) to both A and «x light chains may be important JQ 


as in light chains this is the cysteine that forms an interchain 
disulphide bond with the heavy chain. The similarity in sequence 
between 86T1 and immunoglobulins is so pronounced that it 
might at least in part explain the cross-reactivity of B-cell 
anti-idiotypic antisera with T cells'®'*. In contrast to this amino 
acid sequence similarity, the nucleotide sequence of 86T1 has 
diverged sufficiently from those of immunoglobulin genes to 
explain the negative results of many investigators who have used 
immunoglobulin gene probes to search for the genes encoding 
the T-cell receptor!?-*?. 


Joining region-like elements 

As indicated in Fig. 2, 16 amino acids are shared between 86T1 
and 86T5 but not with the other two clones that we have 
sequenced, 86T3 and TM86. As this falls precisely into the 
region occupied by joining (J) region elements in immuno- 
globulins (between the variable and constant regions) we com- 
pared this region in 86T1 with the equivalent regions of 86T3 
and TM86, as well as with the consensus sequences from each 
of the three different immunoglobulin J region elements? (Fig. 
5). As shown in Fig. 5, the putative J regions of 86T1 and 
TM86 both have very similar sequences to those of all the 
immunoglobulin J regions, with no need for gaps to be intro- : 
duced. As with the variable region similarities, the T-cell J 





is shown in Fig. 4a. The degree a 
of similarity between 86T1 and the immunoglobulin variable «ag 
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the other cDNA clones, indicating the 5’ untranslated region (UT), the putative leader polypeptide, and the variable, joining and constan 


Fig. 2 Sequence of TM86 and related cDNA clones. This figure shows the complete nucleotide Sequence of 86T1 and partial sequences o 

regions. Amino acid similarities are boxed, and nucleotide sequence similarities are underlined. The numbering follows the predicted am 

acid sequence of 86T1. Cysteine residues are circled and possible carbohydrate (CHO) attachment sites are indicated ( following the formula: 
N-X-S or N-X~T)*!, | ke 





chains are approximately equal in size?***, the same cons 
.. May not apply. | Ps 
In addition to the J elements, the adjacent 5’ regions of 86 
and TM86 between residues 103 and 115 (Fig. 2 er 
similar. In particular, the 17-nucleotide and 9-nucle 
$ between these two cDNA clones suggest the 


other possible ‘mini-gene”* elements possibly analogo 
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Fig. 3 Search of the Dayhoff sequence data bank for sequences 

' -closely related to that of 86T1 using the program of Wilbur and 

Lippman’. Representative similarities are shown as they appear 

from the search with the matches indicated (the computer program 

focuses on short stretches of homology and thus all of the possible 
matches are not shown). Gaps are represented as dashes (~). 


Comparison with variable regions 
















D region of heavy-chain immunoglobulins®?”?*. An alternative 


explanation would be that these similarities represent highly 
conserved sequences of related variable-region genes. 


Structural predictions 


A number of groups have devised formulae to predict from. 


amino acid sequences which portions of a molecule are embed- 
ded in membranes and which are exposed. These predictions 
are based on weighting formulae derived partly from measure- 
ments of solubility in organic and aqueous solvents and partly 
from empirical considerations. One such formula is that of Kyte 
and Doolittle?? which is particularly suited for cell-surface 
molecules as most of the now considerable literature on the 
structure of such molecules has been taken into account. This 
‘hydropathicity’ plot is shown in Fig. 6 and indicates a number 
of important features: first, that the 86T1 protein has the alter- 
nating hydrophobic-hydrophilic stretches characteristic of 
globular proteins”’; second, that the predicted leader polypep- 
tide occurs in a very adequate hydrophobic environment, and 
most importantly, it predicts a possible transmembrane region 
spanning the end of the 86T1 sequence, followed by a string of 
positive charges (Lys-Arg-Lys) which are characteristic of the 
cytoplasmic portion of a number of lymphocyte. cell-surface 
markers”. The major difficulty with this prediction is the lysine 
residue (K) at position 284, in the middle of the putative 
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transmembrane region, which is not characteristic, but may be g, 
masked by a salt bridge to another protein (possibly the other“ uf 


chain of the heterodimer). 


Discussion 

For the following reasons the data presented in this and the 
accompanying paper’ indicate the considerable likelihood that 
the mRNAs related to the TM86 cDNA clone encode one chain 
of the T-cell antigen receptor. 
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residue between the J region 
cos) globulin, 





The first reason is 
Southern blot analyses 
and the fact that these 
specificities’, Second, the analysis 


cDNA sequences 


similarities between the set of cDNA 
2 and that these can be divided into 5' 


those of immunoglobulins. 


Fig. 6 Kyte~Doolittle ‘hydrophathicity’ plot. — : 


The weighting system of Kyte and Doolittle? _ 
was used to predict membrane-embedded and — 
` ~ hydrophilic stretches in the sequence of 86T1: 
<- negative values indicate the former and positive 
_ values the latter (see text). The numbers 1 and 
_ 2 in the figure represent the numbers 10 and 
| 20 used in ref. 29. 





o of. 
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& J) Consensus 
8671 Jy 

TM86 J+ 

| 86T3 Jy? 


ce similarities between immuno- 
ashes (~) indicate a. non-conserved 
elements of a particular immuno- 


the consistent rearrangements seen in 
of T-cell hybridomas and lymphomas, 
appear to vary in T cells of different 
) presented here shows the very 
close similarity of the amino acid sequences predicted by our 
to immunoglobulin variable, constant and 
joining regions (Figs 3-5). This similarity is much closer than 
_ that of the postulated ‘super-family’ of immunoglobulin-like 
= FA molecules which includes a wide variety of very distantly related 
” cell-surface glycoproteins”, as judged by the outcome of the 
computer search (Fig. 3) and the overall similarities presented 
in Figs 4 and 5. Third, the finding of sequence differences and 
clones illustrated in Fig. 
variable, Y constant and 
intermediate joining regions of approximately the same size as 








region domain followed by me Bae td 
portions. By analogy to immunoglobulin, the two outermost — 


tide chains seen in the mouse**?5, oS 

Another interesting finding is the relative lack of immuno- — 
globulin variable region homology found in the 86T5 and TM86 . 
fragments shown in Fig. 2. 86T5, in particular, has no cysteine. 
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Fig. 7 Suggested structure of the 86T1 gene with leader (L), 

© variable (V), joining (J) and constant (C) regions indicated together 

with the length in amino acids (aa). Also illustrated are the positions 

of sulphydryl side chains of the cysteine residues (S) and possible 

- jntrachain bonding, based on the immunoglobulin analogy. The 

transmembrane (TM) and cytoplasmic (Cyt) portions of the 
molecules, based on the analysis in Fig. 6, are also shown. 


residue even remotely near the one at position 109 of 86T1, 
which is so highly conserved in all immmunoglobulin variable 
regions. TM86 has a cysteine nearby at position 101, but appears 
to lack some of the surrounding conserved sequences. This may 
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be the result of either a large number of non-functional tran- 
scripts (particularly in the thymus) or a wide variation in the 
structural requirements for a binding site. 
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Note added in proof: Recent sequence analysis (Y. Chien, J.K. 
and M.M.D., work in progress) of a cDNA clone which extends 
further at the 3’ end than 86T1 indicates the presence of a stop 
codon immediately after the equivalent of residue 306 in 
Fig. 2. Therefore, the predicted amino acid sequence of 86T1 is 
.most likely to be of the complete molecule. 
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Pioneer 10 search for gravitational 
waves—no evidence for 
coherent radiation from Geminga 
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R. W. Hellings, E. K. Lau & H. D. Wahlquist 


Jet Propulsion Laboratory, California Institute of Technology, 
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_ It has been reported’ that an observed 160-min solar oscillation 
may be caused by gravitational radiation from the intense y-ray 

~ source Geminga, a source whose period according to the report 
- js exactly one cycle per year different from the solar oscillation 

period. This remarkable coincidence has motivated us to look 
- for a sinusoidal component having a period near 160 min in 


_ Doppler data from the 1981 gravitational wave search with 
-Pioneer 10. We find no such component in our most quiet data. 
~ Thus, the amplitude of a possible sinusoidal variation is no 
<: more than 3.3 x 107' in fractional Doppler frequency, which 
for the direction of Geminga translates into an upper bound of 
2x 107" for the polarization component of gravitational spatial 
-strain potentially observable. This places rather stringent limits 
on the amount of gravitational radiation available to excite the 
-> 160-min normal mode of the Sun. 

We have. examined Doppler data taken by the NASA/JPL 
Jeep Space Network with Pioneer 10 over a 3-week period 
from 14 November to 8 December 1981 during solar opposition; 


at such times low-frequency phase fluctuation caused by scatter- 


















ing by free electrons in the interplanetary plasma is at a 


‘minimum. The data represent part of the record from gravita- 
tional wave searches with both Pioneer 10 and Pioneer 11 during 






from the 1982 opposition of Pioneer 10, as well as from two 
oppositions of Pioneer 11 for that matter, but these data have 
not been reduced to a point where they are useful for a search 
for the specific gravitational wave signal of interest here. The 
standard deviation of the Doppler noise from the best 1981 
Pioneer 10 data is ~2x 107! in fractional frequency (Av/v) 
over a bandwidth of 4% 107° to ~2x10°° Hz. The low- 
frequency cutoff is set by the round-trip light-time (or ‘storage’ 
time) of the microwave link while the 
high-frequency region*™. > 

The long light time / to Pioneer 10, now beyond the orbit of 
Neptune, is a definite advantage in searching for long-period 
coherent gravitational waves. During the 1981 opposition I~ 
12,490 s and the ratio 4rl/ P ~ 16.4 rad, where P is the period 
of the hypothesized gravitational wave. This ratio enters in a 
fairly complicated way with the cosine of the separation angle 
on the sky between Pioneer 10 and Geminga, » =cosé@, in 
determining the relation between the strain amplitude h of the 
gravitational wave and the amplitude of the fractional Doppler . 
response Av/v at the same frequency. The right ascension and 
declination of Pioneer 10 on 28 November 1981 was 4h 
4.05 min and 24.097° respectively, while Geminga has a position 
of 6h 31 min and 17°48’, both positions given with respect to 
the mean equator and equinox of 1950.0. This yields 4 = 0.82. 
From the ‘three-pulse’ response of the Doppler system’, Weg 
conclude by summing the three phasors of the coherent Geminga 
signal that the observable polarization. component of strain 
amplitude of a gravitational wave at Earth is amplified by a 
factor of 1.63 in the Doppler data. y 

Two approaches were used to search for a periodic signal 
from Geminga in the reduced Doppler record. In the first 
approach, three selected long passes of Doppler data of ~12 h 
each were transformed into the frequency domain by a fast 
Fourier transform operating on 512 data, sampled at 100-s 


intervals. The three spectra were averaged with equal weight - a 
spectrum is shown in Fig. 1. No. 


given to each; the resulting. 








system noise limits the om». 
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Fig. 1 Average power spectrum, Sp, of three Pioneer 10 
Doppler records taken near the 1981 solar opposition. Each S- 
band record is 51,200 seconds long. Low frequency (f= 1072 Hz) 
power is dominated by interplanetary plasma scintillation noise, 
while higher frequency power is the result of thermal noise in the 
microwave receiver. A sinusoidal gravitational wave at the 
Geminga period would be evidenced by a spectral line near f= 
1.04 x 10™* Hz. The absence of any such line, in addition to least 
squares filtering considerations, limit the strain amplitude of an 
impinging gravitational wave to |A| <2 107'* (see text). 





attempt was made to smooth the spectrum, aside from the 
averaging together of the individual spectra, thus estimation 
error is evident. Spectral lines at periods of <400s can be 
explained by an aliasing of the spacecraft spin period of ~ 12.98 s 
and by procedures of the data reduction. Although these lines 
could be suppressed by a filtering out of the spin and by modify- 
ing the data reduction procedures, this is not necessary for 
discussing gravitational waves in the region of the spectrum 
where the power density is increasing with decreasing frequency. 
Although there may be lines in the low-frequency end of the 
„Spectrum, at least at the Geminga frequencies corresponding to 
sf 160 min and 80 min the spectrum is depressed. At the solar 
Pr oscillation frequency the Fourier power density is no more than 
3.2 107* Hz? Hz™'. The corresponding limiting amplitude of 
fractional frequency is found by multiplying the power by 4A f= 
7.8X 107° Hz, where Af is the resolution bandwidth of the 
Fourier transform, taking the square root, and dividing by the 
S-band carrier frequency of Pioneer (~2.3x 10° Hz), thus 
\Av/vi<7x 10714, | 
The second approach to finding a coherent signal in the 
Doppler record was to assume a Geminga period of 159.96 min 
and to use all the low-noise data from the 1981 opportunity to 
determine the amplitude and phase of the signal by least squares. 
In this way an accumulated observing time of 3.74 days out of 
the total 3-week Opportunity was obtained. The overall standard 
deviation on the low-noise data was 4.5 107!3 in fractional 
frequency. For a signal of the form, A cos (wt) + B sin (wt), with 
measured from the arbitrary epoch of 26 November 1981 01 h 
5.7 min, the least-squares approach yielded 


A=(-1.47+1.16) x 107!4 (1) 
B=(~—1.50+ 1.16) x107!4 (2) 











with a corresponding amplitude of |Av/»|=(2.1+ 1.2)x107'4, 
The quoted uncertainties are formal in the sense that the 


assumed standard deviation of the Doppler data is set equal to 





_ the r.m.s. residual after the fit. Hence the formal lou 
bound on the amplitude is 3.3 x 107'*, O 3 nc 
Preceding spectral limit on the amplitude 
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-is a factor of 1,000 smaller than the Pioneer 10 limit, the ma 
z of the system would be 150 Mz and L = 10°” ergs ', stilla ve 
- luminous source of gravitational radiation. te, 















integrated record of 512 points at a 100-s sample rate. over 0.59 
days. At best this limit could be improved by a factor. of 
V3.74/0.59 by optimally using all the low-noise data, or co 


sequently from a level of 7x107'* to 2.8x107!*. To obtain 





our nois¢ level and integration time. Hence, by adopting the — 
least squares upper bound, and then using the amplification 
factor mentioned above, we have derived a limit. hz 2x10 n 
for the possible amplitude of a sinusoidal gravitational wave 
from Geminga. PTEE 
We also looked at the previously published. spectra from 
Voyager 1 (ref. 6). Fortunately Voyager was also favourably 
positioned for the detection of sinusoidal variations at a 160-min 
period andit did have one advantage in that unusually low phase 
variations in the neighbourhood of 10~4 Hz were recorded on _ 
12 March 1980, thus a bound comparable to Pioneer 10 could _ 
be set for that one day. ee 
If the 160-min solar oscillation mode is continuously excited — 
by gravitational radiation from Geminga, it is reasonable to 
assume that it closely approximates a damped linear oscillator, 
at least if nonlinear amplification mechanisms are neglected; 
thus the expected steady-state surface oscillation will have an 
amplitude given by : 


Ad~hRsOQ (3) 


where Ro is the solar radius and Q is a quality factor for the 
particular 160-min mode of interest. The corresponding surface 
velocity would be oe 


2m $ oe - 
v= ARoQ a ee . 


and for the maximum value of h allowed by the Doppler data, 
v=9x107 Qcms™. | ee 

The observed velocity as given by Scherrer and Wilcox’ is 
17 cms™', which would require a Q of the order of 2 X 10’ and Ke 
a correspondingly long stable lifetime for the source, if, as 
suggested by others, it is responsible for the solar oscillation at 
the observed amplitude and resonant frequency. If one wishes — 
to invoke nonlinear amplification mechanisms in outer regions _ 
of the Sun, then at the same time a smaller value for Risneeded  __ 
in keeping with the dimensions of a resonant core. Thus any 
lowering of Q, assuming smaller oscillations in the core, is offset 
to some degree by the smaller value of R EE ee 

The most probable source for a sinusoidal gravitational w 
of 160-min period is a close binary. system?! but a w 
produced by a binary at the “maximum Geminga distance 
100 pe’? would require supermassive components i 1 order 
have an amplitude equal to the limiting strain amplitude 
2 107% from our analysis. The minimum total mass M of th 
binary would be at least 4x 10* Mo with a corresponding gravi- 
tational luminosity L of 2x 10** ergs, and remaining lifetime —— 
At of <80 yr in contradiction to the long lifetime needed fora. _ 
high Q resonance. For comparison, the y-ray luminosity, which _ s 
presumably dominates the electromagnetic spectrum, is of the 
order of 10°? times smaller. For a given period these gravita 





















inally, we must consider the possibility that Ge 2 






yolarized gravitational waves. If in addition the plane of polariz- 

ition is inclined 45° to the ecliptic, then neither Pioneer 10 nor 
Voyager 1 would be particularly sensitive to its gravitational 
wave. Yet barring this double coincidence it seems unlikely that 
iny quadrupole panels available to stimulate the Sun is more 
‘han a factor of v2 larger than the 2x 107'* limit set by Pioneer 
10. Eventually other spacecraft (Pioneer 11, Voyager 1 and the 
[nternational Solar~Polar Mission) that are not in the plane of 
the ecliptic will be distant enough also to respond to coherent 
radiation from Geminga at different alignment angles. 

We thank the NASA/JPL Deep Space Network for their 
cooperation in the acquisition of data, and J. M. Rotenberry 
and G. B. Trager for their assistance in the data reduction. This 
work was supported by the Pioneer Project Office at 
NASA/Ames Research Center under Letter of Agreement 
ARC/PPO017 for J.D.A. and E.K.L., and by the NASA Office 
of Astronomy/Relativity for J.W.A., F.B.E., R.W.H. and 
H.D.W. The work was performed at the Jet Propulsion Labora- 
tory under contract with NASA. 
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‘The idea that solar oscillations might have been stimulated by 
` gravitational radiation from a nearby binary system’ has 
` recently been explored by Delache and co-workers”*. They 
“have announced that the y-ray source CG195+4, known as 

- Geminga, varies in intensity with a period of 159.96 min (ref. 

3), and therefore has a frequency just (1 yr)’ greater than the 

~ 160.01-min solar oscillation®”. From this coincidence they have 
-inferred a gravitational connection between the two oscillations. 
We show here that if the generally accepted ideas of gravita- 
nal radiation are correct, the 160-min solar oscillation could 
t have been driven to its observed amplitude by any binary 
-system of stellar mass. Only if there were a sustained resonance 
-between the incident radiation and a solar mode of oscillation 
could there be any chance of an observable response. However, 


"gravitational radiation causes the binary system to spin up, 
_ prohibiting it from remaining in resonance with a 160-min mode 
for long enough to have a perceptible effect. It is just possible 
-that 5-min oscillations in the Sun could be excited to an observ- 




























able amplitude by a binary system having an orbital period of 
O min at 1,000 Av. | 
T TER e response of the Earth to non-resonant gravitational radi- 
ion is discussed by Dyson®. Some aspects of the analysis for 
the Sun are similar. Within the framework of general relativity”, 
the metric tensor in the wave zone far from a binary system is 
























- distorted from its galilean value by a small quantity with spatial 


somponents Aa In a galilean coordinate frame. S whose origin 
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coincides with the centre of mass of the Sun, material at the 
spatial coordinate x, experiences an acceleration f; = hy.x,. We 
are assuming the coordinates to be cartesian, so we need not 
distinguish between covariant and contravariant components of 
a tensor. Thus, the displacement 3-vector & of small-amplitude 
solar oscillations driven by this force satisfies the linearized 
equation of motion: 
dé P 

p- Fakk = Pfi (1) 


where p is the equilibrium matter density of the Sun, t is time 
and a, is the usual spatial differential operator describing 
linearized solar oscillations'®''. We begin by disregarding the 
evolution of the equilibrium solar structure. 

For the oscillations discussed here, the nonadiabatic contribu- 
tion to Zi; is small, so we approximate the spatial structure of 
& by its adiabatic counterpart. This is adequately represented 
by the eigenfunctions of a nonrotating solar model. Then we 
know that these spatial eigenfunctions £7” of free oscillation 
form a complete set’?’*. Hence we may represent ¢; as a linear 
combination X” ” (1) 22" (xp), which is summed over all orders 
n, degrees ¢, and azimuthal orders m of the normal modes. We 
then project equation (1) onto any chosen eigenfunction, =, 
(from now on we omit the superscripts), by taking the scalar 
product of the equation with the adjoint =* of that eigenfunction 


and integrating over the volume of the star. We treat the 9) Oe 


nonadiabatic terms as a small perturbation, and ignore the ~ 


possibility of accidental degeneracies, and so obtain for the time 
dependence of the chosen mode: 


PX we dX 
d? at 


where the angular brackets represent the integration, wo 1s the 
adiabatic eigenfrequency and Q is the quality factor of the 
oscillation, which at first we presume to be positive. 

We accept the standard discussions of gravitational radiation 
from a binary system’”*. For simplicity, we assume the binary 
orbit to be circular with frequency 4; in that case the perturba- 
tion h varies sinusoidally in time with frequency w. A ‘y-ray 
source such as Geminga is probably a compact object such as 
a neutron star or black hole. The y rays are then due either to 
accretion of matter transferred from its more normal stellar 
companion, or to pulsar action. If the Earth lies close to the 


Poa 5 See 
Q wX =(pEt Ey" a B¥f) (2) 


orbital plane, simple eclipses by the stellar companion occur at _ 
frequency 3a, only half that of the gravitational radiation. This b4 


discrepancy could be removed by invoking either two y-ray 
emission regions* or a disk-shaped beam that rotates at the 
binary frequency $w. For the present we assume that the line-of- 
sight to the Earth is in the orbital plane, and consider gravita- 
tional radiation only in that plane. 

The perturbed metric at the Sun is most easily described in 
the frame S with respect to a cartesian coordinate system xX; 
such that (0,x2, X3), say, lies in the orbital plane of the binary 
system and the binary system lies on the x, axis. Then 


,cosfadt 2sinfadt 0 
h =A] 2sinfwdt —cosfwde 0 (3) 
0 0 0 


where 
4 (GM) Go)” 
(1+yuy ctd 


w is the mass ratio and M the total mass of the source, d is the 
distance to the source and G is the gravitational constant. It is 
then a straightforward matter to compute the forcing term on 
the right-hand side of equation (2). 

Only non-radial modes of even degree f having m<2 can 
be excited. Of these, the forcing of the quadrupole modes is 





A (4) 





from the (1 yr)? sidereal~synodic frequency differenc 
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Table 1 Magnitudes of the geometrical coefficients £ for a selection of modes with m = 2 of solar model A of ref. 32 











Mode 
#24 158 






These coefficients relate to the surface displacement amplitude, and so are greater for high-order 4-modes. The cross-section for gravitational — 


energy absorption scales roughly as [n7 +e (€ +1) B? for low-degree g-modes, and decreases with n somewhat faster for 4-modes, and so is 
greatest for modes of low order. No significance should be attached to the fact that only for ¢=4 is there a g-mode with a period of exactly _ 
160 min; for any given ¢ it requires only a slight modification to the equilibrium structure to yield a mode with a 160-min period. Values of Al o 


‘for other azimuthal orders can easily be deduced from equation (8), since the eigenfunctions (EZ, H) are essentiallly independent ofm. 


in refs 3 and 4 that the mode cannot be axisymmetric. Moreover, 
modes having odd ¢ + m cannot be detected by the instruments 
that have been used to observe the 160-min solar oscillation!>. 
Therefore, we restrict attention to modes with m = 2 propagat- 
ing around the rotation axis of the Sun in the same direction as 
the orbital velocity of the Earth. 
Ff Because the binary system radiates gravitational waves, it 
loses energy and so spins up. The spin-up rate is very much less 
than w, and so can be computed by perturbing about a precise 
balance between newtonian gravitational and centrifugal forces. 
The result is’* 


dw 24Ad 
ao a I onosaia 
dt S5cw (5) 


which is small. For two objects of 1 Mo orbiting each other in 
a period of 320 min, for example, e =3x 107'*. Thus, the Sun 
is subjected to oscillatory forcing with a slowly varying 
frequency. In terms of the usual vertical and horizontal displace- 
ment amplitude-eigenfunctions (EH, H) of stellar pulsation 
theory'”"’"'® (expressed in spherical polar coordinates 7, 0, $ 
-about the rotation axis), that forcing may be written: 


d 
(p BFE, qn? EY f\=aA Re (iw exp i | @ ar) {6) 





a = (cos? 20 +4 sin? 2@)'/78 (7) 


1 (p(S*-3H") 
V15 (p[B*E+e(+ 1)H*H) 


[ae ony (rpH"*) 
2(€+|ml)! 


(8) 


A ee ed 
J (p[B*EB+(6+1)H*H) 


where @ is the angle subtended by the plane of the binary orbit 


and the equatorial plane of the Sun. The functions =, H have 
been normalized to yield a r.m.s. vertical displacement ampli- 
tude of Reo at the surface (r = Ro) of the Sun. It is adequate to 


tisfy =* ==, H* = H) in expressions (8). 

' The amplitude of the forced oscillations may be derived from 
a two-time analysis!” of equation (2). A physical discussion is 
given by Pippard'®. Since w hardly varies over an oscillation 
period, we introduce a dimensionless evolutionary time variable 
tr=ella(t— to), where fy is the time at which resonance occurs, 
set 


X=Re [ao exp i | w ar| 


use the real eigenfunctions of a non-rotating solar model (which | 





: and occurs when a = 1 and © o w/ 4. p = 


equation (2) and retaining only the dominant terms when € « 1 
yields ee 


PTs [Ste (eon Sa ie i ?(] va ee ie wy aA : 
dr {dr B 
where y= wo'w is a dimensionless frequency whose evolution _ 
is determined by equation (5). a 
The nature of the solutions of equation (9) depends on the 
magnitude of Q. If Q<e~'/? the natural decay time of the 
oscillations is less than the evolution time, even as the forcing 
frequency passes through resonance. The oscillation stays in 
quasi-equilibrium with the forcing, having amplitude ee 
|A|=aAwo IEO PU- O O AD 
On the other hand, when Q = e~'/* equilibrium is not achieved _ 
near maximum amplitude because the forcing frequency varies _ 
too rapidly. The amplitude rises predominantly whilst 7 is within — 
about 2/2 of resonance, after which the system is left oscillating, — 
at amplitude |A|= Am, until it decays naturally on a dimension- 
less time scale of eQ. There is a’ systematically increasing differ- , 
ence between the phase of the forcing and that of the oscillator 
during this time. Dissipation has no significant role during the - 


excitation phase, and the amplitude ‘A,, is independent of Q. It ae 


follows from equation (10) that 


med g~l/2 -2 








7 
| e°? d o 
=(a/2e)/? a Aoz? eoa 


This formula is asymptotically correct in the limit /2Q >%, 
provided 1 « r« e'/*Q, though it provides a good estimate even _ 
when e'*Q =0(1). For example, Am is within about 25% of _ 






this limit when Q= 3671/7, eee 
A direct computation of Q for the 160-min solar. 
has not been performed. Nevertheless, one can extrapolate f 
the quasi-adiabatic computations'®'?*° of modes of lower: 
order, obtaining Q=2%10°. This may be an overestimate, — 






because these calculations do not account for the potentially — 


severe damping in the upper part of the convection zone. Indeed, _ 
the admittedly uncertain nonadiabatic calculations”? suggest _ 
that Q may be as low as 5X10’. In either case, however, the ~ 
theoretical estimates suggest that the Sun responds to gravita- ` 
tional radiation as a truly high-Q oscillator, in the sense that _ 
Q>e~'/? so it is not necessary to know the value of Q in ord 
to calculate the maximum amplitude of the forced oscillatior 
For a source of given total mass M, the greatest displa 

amplitude, according to equations (12), (4), (5) and (7), 


| (Sa\/2,_ (GM\5/6 se | : 
| An~(55) ai 2) (> a 

















“Table 1 lists the geometrical coupling factors |8| for a variety 
of low-degree modes with m = 2. The coupling, which is defined 
in terms of the surface displacement amplitude and not the 
energy, is strongly dependent on frequency. The 160-min oscilla- 
tion, which is a typical low-degree g-mode, is trapped beneath 
the convection zone, and so produces a relatively low response 
in the photosphere. Conversely, the higher frequency ¢-modes 
have a nearly uniform distribution of energy per unit radial 
distance, and so produce a relatively large disturbance in the 
low-density atmosphere. We predict that the power in a Doppler 
measurement of a 5-min quadrupole mode could be more than 
10'° times greater than that of a quadrupole 160-min mode, if 
both were excited by binary sources of the same total mass M 
at the same distance d. 

Even though we admit that standard solar models may not 
be an accurate representation of reality, we note that under no 
circumstances could the 160-min oscillation be a f~-mode**. The 
longest quadrupole ¢-mode period for a stable star with a solar 
mass and radius is ~52.4 min. It is most unlikely that |8| could 
exceed unity for any g-mode. 

According to equation (13), the photospheric velocity of the 
160-min quadrupole mode with m =2 should be excited to a 
maximum amplitude of 


M §/6 
Va = 3.0 107% (**) d°’ ms (14) 
Mo 

where d is measured in AU. The amplitudes of modes of higher 
degree are no greater. Thus to achieve the observed amplitude*’ 
of ~0.5ms”) with M=Mo would require d=6x 10°* AU, 
which is out of the question. If, on the other hand, it were 
assumed that the source is situated 10 pe from the Solar System, 
a naive application of equation (14) would lead to a total mass 
M=3X10'! Mo. Once again this is not possible: not only would 
the implied binary orbit he within its own Schwarzschild radius, 
but also the mass required is comparable with that of the entire 
Galaxy. 
-It follows from equation (5) that the e-folding time for the 
increase in œ is ~3X 10° yr, for a 320-min binary system com- 
posed of two objects of 1 Mo. This is comparable with the 
corresponding time, about 107° yr, for the increase in g-mode 
eigenfrequencies resulting from the evolution of the Sun. Thus 
by ignoring the evolution we have overestimated the rate at 
which the gravitational wave frequency passes through reson- 
ance. This does not substantially affect our conclusion: even if 
the effective value of e were reduced by a factor of 10, the 
distance d at which it would be necessary to envisage the binary 
system would need to be increased by only a factor of 3. Solar 
- evolution theory predicts a different variation in w from that 
implied for œ by equation (5). Therefore an even greater 
accidental reduction in e is quite unlikely. We note that a chance 
resonance at 160 min between two modes, ignored in the deriva- 
tion of equation (2), would also modify our result only by a 
factor of order unity. 

We conclude, therefore, that provided the linear adiabatic 
eigenfunctions of free oscillation faithfully represent the spatial 
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structure of the forced motion, the 160-min solar oscillation 
cannot have been excited by gravitational radiation. 

We note also that even if g-modes were self-excited, for 
example by the thermonuclear energy generation t? 27, we 
would expect the excitation to be fairly broadband. if |Q| were 
small enough to have caused the 160-min mode to have grown 
to its present amplitude in less than 3 x 10* yr, any gravitational 
forcing probably would have been too weak to have played a 
significant part in selecting that mode. If, on the other hand, 
the Sun by chance had become unstable to g-modes just as 
Geminga was approaching resonance, and |Q] were large enough 
for the gravitational radiation to have picked out the 160-min 
mode (which subsequently suppressed the others), then the time 
taken for the selected mode to have grown to the amplitude 
observed would have been so great that Geminga would now 
no longer have the same period as the solar mode. The possibility 
that different g-modes are excited sequentially by gravitational 
radiation and that energy accumulates by nonlinear mode inter- 
actions is also unlikely, partly because the number of suitable 
modes that can be strongly coupled to the forcing field is too 
low. 

It is possible that a 160-min solar oscillation is not a normal 
mode: for example, it may be a solitary wave*" or a subharmonic 
of the ~-modes”*, both of which depend on nonlinear inter- 
actions. We estimate that in these cases too, the influence of 
gravitational radiation is negligible. : 

The situation is rather different for 5-min normal modes. In’ 
that case V,,~40 d™' min(1, e'’* Q)m s~! for damped quad- 
rupole modes if M = Mo and d is measured in AU, the high-Q 
limit being attained if the natural decay time of the solar modes 
exceeds ~1 yr. From analysing the accelerations of pulsar 
periods, Cowling”® has set a lower limit of 770 AU on d fora 
1 Mo object. This does not preclude the possibility of excitation 
of 5-min modes to observable amplitudes, although it would be 
difficult to ascertain whether it is really gravitational radiation 
that is responsible. 

A coincidence between the periods of Geminga and a promi- 
nent solar oscillation leads one to suspect a causal link. We 
cannot identify any plausible mechanism. The hard y-ray flux 
from Geminga seems to be too low to have any measurable 
influence on either the Sun or the Earth’s atmosphere through 
which the solar oscillations are observed. Low-frequency elec- 
tromagnetic waves from a binary system, or pulsar, are unlikely 
to propagate sufficiently far through the interstellar medium. 


pras 
e O 


Moreover, we cannot explain the 160-min variations in the solara 





IR brightness?” and radio polarization’*, and in the geomagnetic- 
field?®: the near commensurability of 160-min with the spin 
periods of most of the planets*’ and of the major asteroids”? ; 
and the correlation of the 160-min oscillation with the occur- 
rence of earthquakes.” | 

We thank G. F. Bignami, A. B. Callear, P. Campbell, W. 
Dappen, D. W. Dewhirst, J. Farman, D. Freeman, G. W. Gib- 
bons, D. Gubbins, A. Hewish, D. Lynden-Bell, J. E. Pringle, 
M. J. Rees, P. Thaddeus, B. A. Thrush, G. Vaughan and C. D. 
Walshaw for helpful conversations. 


17. Bender, C. M. & Orszag, S. A. Advanced Mathematical Methods for Scientists and Engineers 
(McGraw-Hill, Auckland, 1978). 

18. Pippard, A. B. The Physics of Vibration Vol. 1 (Cambridge University Press, 1 978). 

19, Boury, A., Gabriel, M., Noels, A., Scuflaire, R. & Ledoux, P. Asi. Astrophys. 41, 279-283 
(1975) * 

20. Shibahashi, H., Osaki, Y- & Unno, W. Publs astr, Soc, Japan 27, 401-410 1975} 

21. Christensen- Dalgaard, J. & Gough, D. O. Mém. Soc. R. Sci, Liège 8, 309-316 ( 1975). 

22. Saio, H. Astrophys. J. 240, 685-692 (1980), 

24. Christensen-Dalgaard, J, Cooper, A. J. & Gough, D. O. Mon. Nat. R. astr. Soe. 203, 
165-179 (1983). . 

24. Childress, S. & Spiegel, E A. The Salar Constant and its Variation (ed. Sofia, 5.) 273-291 
(NASA Conf. Publ. 2191, Washington, D.C., 1981). 

25. Dappen, W. & Perdang, J. Mem. Soc. astr. Raligna (eds Belvedere, G. & Paternò, L.) Gn 
the press}. s 

26. Cowling, S. Mon, Not. R. astr. Soc. 204, 1237-1244 (1983). 

27. Kotov, V. A., Koutchmy, $: & Koutchmy, O, Sol Phys. 82, 21-35 {1983} 

38, Kotov, V. A. eral. Sal. Phys 82, 9-19 (1983). 

29, Toth, P, Nature 270, 159-160 (1977). 

30, Gough, D. O; Phys. Bull. 34, 302-507 (1983). l 

31, Kotov, V. A. Mem. Soc. astr. tatiana (eds Belvedere, G. & Paterno, L.) {in the press}. 

32. Christensen-Dalsgaard, J., Gough, D. O. & Morgan, J. G. Asir. Astrophys. 73, 121-128; 
79, 260 (1979) 





















ieniaehibiieninamca iinet 









| Resonant reception in the 
Solar System of gravitational 
y Waves from exter 





S. Bonazzola*, B. Carter*, J. Heyvaerts*ł 
& J. P. Lasota*$§ 


* Departement d 'Astrophysique Fondamentale, Observatoire de 
Meudon, F-92195 Meudon Principal Cédex, France 

- t Université de Paris VII, 2 place Jussieu, F-75251 Paris, 
Cédex 05, France 
$ Institut d'Astrophysique de Paris, 98 bis boulevard Arago, 
F-75014 Paris, France 





Teenan annann 


Here we aim to point out the rather stringent limitations, 
particularly those due to frequency stability requirements, that 
can be placed on conceivable (for example, binary) sources of 
any gravitational waves that might be detected by resonant 
stimulation of an oscillation mode in the Solar System. This 
question has recently been raised by widespread informal dis- 
cussions™? of the possibility that unexpectedly persistent low- 
frequency (160-min period) oscillations observed in the Sün? 

Y night be due to such a mechanism’, We show here that this 
“particular possibility can be excluded. 

The most efficient sources of steady gravitational waves that 
can easily be imagined are gravitationally bound binary systems, 
whose radiation frequency v, say, must necessarily be variable, 
at a rate v say, due to the effect of loss of the energy that is 
carried away by the gravitational radiation itself (such a vari- 
ation, at just the rate predicted by Einstein’s theory, has recently 
been observed directly for the first time in the case of the binary 
pulsar, PSR1913+16 by Taylor et al’). 

We shall recapitulate some basic order of magnitude 
inequalities that are relevant for stimulation of a receptor oscilla- 
tion mode of period rg Say (which would be ~160 min in the 
application we have in mind) by any such slowly variable source 
of steady waves with characteristic amplitude h. The correspond- 
ing dimensionless resonance amplitude, a, can build up to an 
order of magnitude 








a=nh (1) 





eter n oscillation periods. This number of periods is either the 
“receiver quality Q, if the receiver saturates, or is given by the 
time needed for the emitter frequency to sweep through the 
relevant ‘effective bandwidth’ of the receiver which in general 
will be of the order of 1/n (which reduces to the standard value 
1/Q in the case of saturation). 

Let T be the (presumably long) lifetime characterizing the 
time scale of variation of the source frequency, as defined by 
v= vo/ T. Then we obtain 


n? = min {Q?, T/ ro} (2). 


so that the criterion for achieving saturation is T= O* rp. In the 
absence of any knowledge of Q we cannot know whether this 


condition is satisfied, but in either case we can be sure that the- 


amplification factor n is subject to the upper limit : 


“The time scale Ar during which the oscillation amplitude will 
be maintained at a value comparable with the maximum given 
by equation (1) is also determined by the interval during which 

the emitter frequency remains within the effective bandwidth if 

saturation is achieved, but otherwise it will simply be given by 

the damping time, so we obtain a 


At = max {T/O, Oro} 3 (4) 






Our purpose here is to point out that one can use equation 


(3) to obtain decisive limitations on the ‘nature of th 
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inequality u = M we obtain [as a generally valid alternative 
equation (13)] the inequality g 














hypothetical source merely from a knowledge of th 
observable quantities a and 7o. Prolonged observati 
vide at least a lower limit on the value of At, but. 
exploit this using equation (4) one would need some inf 
about Q. rae 
Let us now use these quite general conclusions to tes 
hypothesis that the source is a binary system consistin 
masses, M and m<M say, in a circular orbit for whicl 
appropriate period would be aa 


. . P= 27% . : 

The resulting dimensionless amplitude h of the waves at- 
distance R from the source will have an order of magnitudi 
given, according to Einstein’s theory (see, for example, ref. 6) by ‘ 
h= G? uM? Sct PAR eo 

where a = mM/(m+M)<M is the reduced mass and Gi 





` Newton’s constant. The corresponding time scale T characteriz- _ 


ing the change of frequency due to gravitational energy loss will _ 
be given (see, for example, ref. 6) by ce 
| Tia G uM? PePe’ ei 
which implies eae = 
hT = cP?/R (8) 
which is independent of the assumed mass values. | Tes 
If we have reason to believe that the Saturation condition is 
satisfied, this last relation can be conveniently used in conjunc- 
tion with the inequality Pod 
hT = a âh (9) 
obtained from equations (2) and (4), where Af, is an observa- 
tional lower limit on At. This gives the upper limit BA 
R/Xo = To/@ Ato G0 
on the distance R to the hypothetical source in terms of the | 
observables a; ro and At), where a 


is the wavelength of the radiation. RE 
In order for the effect of the source to be describable at all 
in terms of gravitational radiation rather than in terms of direct 
newtonian inverse-square law interaction, the receptor must be 
situated in the wave zone, that is, at a distance : 


R = ào (12). i 


which will be compatible with equation (10) only if. SES 
a © 7/At sa 


This extreme upper limit on the amplitude of resonant excitation Do 
obtainable from gravitational radiation emitted by a binary __ 
source is already barely satisfied by the data for the 160-min — 
oscillations observed in the Sun, which appear to have maint- 
ained a dimensionless. magnitude a = 10-5 over a time scale Af, 
of the order of 10 yr, which corresponds to Ato/ To= 3.0107, : 
This means that if there were a gravitational binary source it = z 
would barely bein the wave zone ( requiring a mass M =10 Mo) 
at a maximum distance comparable with that of the outer planets 
of the Solar System, which is obviously out of the question, _ gr 
If Q were greater than At/7,, the preceding deduction would ae 
not apply but we can nevertheless obtain a generally valid upper 
limit on the distance R by applying equation (3) in conjunction — 
with equation (8), which gives o = 
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Applying this in conjunction with equation (6) and usin, th 





avse ( A (2)" 
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Subject to (12) this implies an absolute lower mass limit 
| M > a/5(Agc?/G) 


(which gives M = 10° Mo for the solar oscillations in question). 
© Now the maximum mass M of any realistically conceivable 
object at a given distance R from the Solar System is subject 
to several observational limitations. In particular the acceler- 
ation a= GM/R? to which we would be subject as a result is 
limited by the well known fact (see, for example, Radhakrish- 
nan’) that many pulsars have a frequency decay time scale, Tp 
as long as 10° yr, whereas none is known to have a frequency 
acceleration. In order that the corresponding Doppler frequency 
variation time scale should not be shorter than this maximum 
value, Tp, we must have a= c/T,. Therefore, in terms of a 
length scale L of the order of one light year, which is con- 
veniently comparable with typical interstellar separation dist- 
ances, we deduce that any hypothetical massive object in our 
neighbourhood is subject to the condition 


(=) (=) <4 
R] \ Re] cT, 


where L/cTp* 10°. Furthermore, in order not to be detectable 

by its effect on the velocity field of nearby stars, the value of 

GM/L for such an object cannot be too large compared with 
‘their characteristic velocity dispersion 6*, which in practice 
corresponds to a value of 6 of the order of a few hundred 
kilometres per second. This gives the upper limit: 


(16) 


GM @& 
Pe sae 


"where on a conservative estimate 5°/ c?=107*, so that the 
maximum conceivable value of M is ~10° Mo. Applying 
equations (16) and (17) in conjunction with equation (15) we 
obtain 


D nin f(E\(7) (BCR) J 
5(—) smni- hr] slop 18 
= (5) mW CT INL e)\R (1B) 


This inequality is optimized when 


R\? (#\(cT, 
(7) -e a9 
which leads to the absolute upper limit 
L 1/2 (5) Op 
ai re "3 = 20 
(5) cf) \L en 


Substituting the values L/cT,= 107° and 67/c? ~ 107° we find 
that for the most efficient imaginable case, that of a roughly 10° 
solar mass binary source at a distance of a few tens of parsecs, 


we shall have 
A 1/6 
a<1077 (*) 
L 


_ Even on the implausible assumption that 10° Me black holes 
= constitute a substantial fraction of the mass of our Galaxy 
(whereas realistically one would expect at most one or two in 
the nucleus), it would be extremely unlikely that a pair would 


(21) 


occur within tens of parsecs of the Solar System. Moreover, 


even if it did exist the a priori likelihood that it would be emitting 
<- its final burst of gravitational radiation at just our epoque in 
= the history of the Galaxy would still be minute. But even if (as 
=: a result of an anthropic selection effect?!) such a system actually 
< -were present now, the maximum amplitude allowed by equation 
(21) for the excitation of 160-min solar oscillations (for which 


àlL= 


107) would be at the most of the order of 10", which 












slow the observed value a =10™. 


therefore, that these particular oscillations can- 


vitational radiation from any conceivable binary 
hint mework of standard gravitational 


onclude, 
o 


















tive force density induced by a wave propagi 








theory. Indeed, as the preceding arguments depend on littie 
more than merely dimensional considerations, one can expect 
that the corresponding energetic restrictions will rule out even 
very exotic gravitational radiation emission mechanisms, includ- 
ing those that might be imagined in theories more general than ; 
that of Einstein. É 
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Recent y-ray observations’ of the, apparently, nearby source 
Geminga suggest the possibility that it is a close binary pair of 
compact stellar objects orbiting with a period of 160 or perhaps 
320 min (Delache! speculates that a 160-min periodicity in the 
y-ray flux might still be a signature of a 320-min orbital period). 
The coincidence of this period with the observed 160-min 
periodicity in the full disk solar velocity data has led G. Isaak 
(personal communication) and others to speculate that the 
gravitational waves emitted by the binary pair are exciting a 
normal mode of the Sun. Solar velocity data’ confirm the 
existence of an approximately 50 cm s~™* oscillation in integrated 
Doppler shift observations that has been phase coherent for 
~9 yr. We report here a calculation of the solar cross-section 
for gravitational wave excitation and discuss why such a mechan- 
ism is an extremely unlikely explanation of the observed solar 
oscillation. 

Knowledge of the relevant solar eigenmode and correspond- 


ing damping time can be used to calculate the Sun’s resonant om 
gravitational wave cross-section. While there is some uncertainty, í 





in the solar model, the calculated structure of the eigenmodes 
should be sufficiently accurate: Theoretical -mode eigen- 
frequency calculations’ typically disagree with observations’ by 
no more than a few parts in a thousand. Furthermore, there are 
claims’ that g-modes have been observed having frequencies 
in agreement with model calculations to five parts per thousand. 

We have used the ‘Sacramento Peak Observatory Pulsation 
Code’ to calculate eigenmodes near 160-min periods (see, for 
example, ref. 8). Our solar model has a central density of 
147 gcm™’, mixing length to scale height ratio ¢/H=1.5, Z= 
0.02, and Y = 0.24, 

Gravitational waves are of helicity two and can only couple 
to €=2 solar distortions. From numerical calculations we 
calculate that the ¢ = 2 mode nearest to the observed 160-min 
oscillation is the go gravity mode. 4 

Long damping times for these modes could make them poten- 
tially interesting as resonant gravitational wave detectors. in 
fact the damping time is long because the. g-modes are efficiently 
confined to the interior where the radiative diffusion time scales 
are large. Our nonadiabatic calculation yields a decay time, 7, 
of 4X10‘ yr for the g mode at frequency © = 6.65 X 107487). 
These calculations are consistent with the mode lifetimes deter- 
mined by Dziembowski’. ge | 

The solar normal mode is driven by a sinusoidally ‘varying 
strain induced by the propagating gravitational wave. T xe effec~ 
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axis in spherical coordinates has the form 


as, a a fe \ i 
Fy, 0, d, 1) = p= eh Vv {( \ ig 6 ¥224 Y32)— V z Yao). 
T Ts Ya ~Yapher (1) 


where Y>,, are normalized spherical harmonics, w is the angular 
frequency of the wave, and h, and h, are the dimensionless 
amplitudes of the two wave polarization components'®. The 
g-modes have amplitude structures given by 


Eom (1, 8, byt) ={ Yo EPHE) Yam ee? (2) 





where £,(r) and £,(r) give the radial dependence of the radia] 
and transverse displacement amplitudes, respectively. The 
steady-state amplitude of the driven oscillation is readily calcu- 
lated by expanding the driving force in terms of the solar normal 
modes. The m =0 mode is excited with the greatest amplitude 
for this geometry. As the 50 cm 57? amplitude is derived from 
full disk velocity data, the implied m=0 mode amplitude is 
larger than this by a factor determined from the spatial velocity 
instrumental! response function. We obtain 


23 1 2 
hino SS, SR (3) 
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“3? where (v2) is the observed full disk velocity amplitude squared; 


$, = 1.6 is the dimensionless instrumental response to an f = pal 
m=0 g-mode''; S,=7.6X103 is a dimensionless ‘matrix ele- 
ment’ for the driving force-mode overlap; and Rg is the solar 
radius. Equation (3) yields a dimensionless wave amplitude of 
h.=1.6X10"', corresponding to an energy flux density of 
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One possible explanation of the solar 160-min oscillations dis- 
covered by Severny et al.’ and Brookes et al.? is that they may 
be due to excitation by gravitational waves emitted from a 
nearby binary system. Here we demonstrate that even in the 
most favourable conditions, the absorption rate of gravitational 
radiation by the Sun is many orders of magnitude less than is 
required to overcome the effect of damping in the core. _ 
The observed 160-min oscillations have been interpreted as 
surface manifestations of low-¢ g-modes (£f is the degree of 
the spherical harmonic Y”) which are trapped below the convec- 
tion zone in the solar core (for a review of the properties. of 
these modes, see refs 3, 4). The driving mechanism responsible 
„ior the excitation of these g-modes has not yet been identified. 
adiative damping in the solar core is the primary cause of the 
decay of the pulsation. Keeley” has found that a quadrupole 
(€=2) 1o mode with a period near 160 min will be damped 
ata rate k = 4.3X107'*s"!, The observed radial velocity ampli- 
tude of ~1ms™' (refs 1,2) implies a pulsation energy E, = 
5.8 x 10% erg for Keeley’s quadrupole #19 mode. 
We now ask whether gravitational waves emitted from a 








nearby binary system can su pply this mode with su fficient energy - 


-to excite or maintain the oscillations. As a generator of grav 
> tional radiation, we consider a binary system consisting of 
objects, of mass 
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___ We next consider the absorption of this radiation by the Sun 
The quadrupole oscillation of a non-rotating, spherically sym 
) os metric star consists of 2¢ +1=5 degenerate modes. He 

„in the presence of rotation or magnetic fields, this » degen 





M, and Mz, in relative circular orbit with an _ 














F=9.6X10* ergcem™! s7! (if we assume a col 
polarization component). This mode has an ‘¢ 
6x10% erg. If we define the solar gravitational w 
section, o, by 
3x107 (7R). 








‘wave 
ToF=E, we obtain o=5x10! 


enough for the mode to build up 
¥-mode Q value is so hi within 
a few parts in 10° for at least one damping time of ~4 x 10* yr. 
Unless the radiating system is in the immed 


is difficult to see how the orbital frequency 

to the solar resonance for long in these circumstances, e 
We thank P. Goode and W, Dziembowski for interesting | 

discussions. The research was supported by NSF grant PHY | 
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orbital period P,=320 min. (Note that the frequency of the _ 
gravitational waves is twice the orbital frequency*.) The assump- 
tion of a circular orbit allows the gravitational wave energy to _ 
be concentrated at a single frequency; a non-circular orbit would 
distribute the energy throughout the higher harmonics®. In the — 
weak-field, slow-motion limit, the quadrupole gravitational A 
wave luminosity is’ eee eS 


32 G M?M , , 
ae 5 M, +M, °° 


where r is the separation of the two objects and œ = 2r/Pu 
For a keplerian orbit, this becomes 


2G? 
By => y MIMIM, + My)? 0} 


M, MY [M M,\~2/3 a 
=] {xi 31 o(2 me) (3 + Ma) yk Wee 
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The radiation is not emitted isotropically; the time-averaged 
distribution, summed over polarization States, is proportional = 
to (1+6 cos? 6+cos* 0), where 0 is the angle between the oe 
observer and the angular momentum vector of the binary sys- 
tem°. However, the angular variation is less than an order of ` 
magnitude, and we ignore it in what follows. If the binary system > 
is D pc from the Sun, the flux of gravitational radiation arriving = 
at the Sun is 


o 
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is broken®. We shall examine the extreme (and undoubtedly 
unrealistic) situation where the gravitational waves couple with 
only one of these modes, in particular a single g:) mode. (The 
choice of spherical harmonic index # is unimportant; for ¢ = 2, 
our results are the same for all values of »°.) We further assume 
that the solar core (where the trapped g-modes reside) is ‘tuned’ 
to resonate at w, = 2w,, the frequency of the gravitational waves. 
This is a generous assumption because the Sun is a “high-Q” 
oscillator with a narrow bandwidth (Aw/w, = 6.6 10719). The 
frequency of the gravitational waves will quickly pass through 
this bandwidth, with a timescale of years for Mi, M,~1 Mo, 
as the period of the binary system decreases with the emission 
of the gravitational radiation. The Doppler shift caused by the 
Sun’s motion about the barycentre of the Solar System will 
further serve to shift the frequency of the gravitational radiation 
outside the solar bandwidth. Nevertheless, we ignore these 
effects in the following analysis. 

A calculation of the absorption cross-section for gravitational 
waves by the gio mode requires an estimate of the damping 
rate due to re-emission (scattering) of the absorbed radiation. 
The quadrupole formula for the gravitational wave luminosity 


gives?© 
1 (Re, 2 
e= ime 8S MoR | ve (rar) ai 


_GMBRS « ($ 
“where p’ is the (eulerian) variation in the density produced by 
the oscillation. The quantity in square brackets has been calcu- 
lated by Christensen-Dalsgaard and Gough’ ’. Using their results 
for an €=2 mode with a period of 157 min yields L= 
1.7x 10! ergs! for a mode with the observed surface velocity 
amplitude of ~1 ms '. The damping rate due to re-radiation 
“jg then «, =L,/E,=3.0x10-” s~. The mechanical damping 
rate x dominates this value by nine orders of magnitude. Thus, 
‘any scattering of the incoming gravitational waves may be 
ignored. The absorption cross-section, g, for our ‘tuned’ solar 
detector is then approximately” 


2 
poe (=) 
K Wy 
= 58x10)? cm’ (5) 


This is less than 0.4% of the Sun’s geometrical cross-section. 
We can now estimate the ratio of the gravitational wave 
energy absorbed by the Sun over one damping time to the 
pulsation energy Ep 


i _ 1M, M>\2(M, My”? 
~ Fo/ E,=2.2x10 (2 e) (2) 
P Ms Mo) \Mo Mo 


[ey 
(55) (6) 


< o The inescapable conclusion is that even in the most favourable 
- conditions, the 160-min oscillations cannot possibly be driven 

| by gravitational waves emitted by a nearby binary system. 
->We thank H. M. Van Horn and M. P. Savedoff for helpful 
suggestions. This research was partially supported by NSF grant 
ST 83-07214. 
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The well-defined zones of central meridian longitade within 
which the probability of jovian radio emission at frequencies 
near 22 MHz is relatively high are known as sources A, B and 


C. Each consists of a component for which the emission o.. 
probability is strongly correlated with lo's orbital position, ~Y 





and another component that is Jo-unrelated’. This emission 
anisotropy and other observed effects have long been inter- 
preted in terms of quasi-continuous beams that co-rotate with 
the inner jovian magnetosphere. Observations made from the 
Soviet spacecraft Mars 7 and the Nancay Observatory’ provided 
more direct evidence for beaming; activity observed from one 
of the stations was not detectable from the other. We now 
present convincing evidence based on concurrent observations 
from the two Voyager spacecraft and a terrestrial observatory 
that the component of source A radiation that is not correlated 
with lo’s position is generally emitted in co-rotating ‘searchlight 
beams’ of distinctive cross-sectional shape. 

Simultaneous observations of Jupiter were made in early 1979 
at 21.811 MHz (200 kHz bandwidth) from Voyagers 1 and 2, 
and at 21.860 MHz (13 kHz bandwidth) from the Mizuho-cho 
Radio Observatory in Japan. The Voyager 1 and Mizuho-cho 
records were compared, and 13 noise storms were found which 
exhibited a high degree of correlation at the two stations. Essen- 2» 
tially all of these correlated storms were of type non-lo-A-@ 
(independent of Io’s orbital position), following the classification 
presented in Table 7.4 of Carr, Desch and Alexander’. As the 
distance to Jupiter decreased during the observation period, the 
relative detection sensitivity of the spacecraft receiver increased 
rapidly. To minimize the effect of this sensitivity change, five 
correlated storms occurring over the relatively short interval 
from 31 January to 10 February were selected from the total 
of 13 for the present analysis. As we shall show, the ratios of 
peak Jupiter intensity to minimum detectable signal level for 
the Voyager 1 and Mizuho-cho radiometers were approximately 
the same for the five selected storms. The time spans during 
which the strongest storms were observed by Voyager 2 and by 
the ground station did not overlap, but we were able to identify 
two of the five selected storms on the recordings from Voyager 
2 as well as on those from Voyager 1 and Mizuho-cho. Althoug! 
several Io-B storms (that is, the particularly powerful storms 
representing the source B component that is strongly correlated 
with Io’s orbital position) were also observed, they were much 
more poorly correlated on the Voyager and ground station 
records than were the non-lo-A storms, indicating pronounced 
differences between non-Io-A and Io-B beam characteristics. 
Some of the intense lo-B storms observed at Mizuho-cho were — 
not detected at all by the Voyagers. This result, which suggest: 
that the Io-B beam is particularly narrow and may 
shape within times of the order of half an hour, agre 
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Fig. 1 Comparison of the same jovian storm (at ~22 MHz) as 
observed from the Voyager 1 spacecraft and the Mizuho-cho 
Observatory in Japan. a, Flux density against time at the two 
stations (3.2 min averaging interval). Peaks 1-6 (upper curve) were 
due to separate spectral arcs that were clearly discernible in the 
corresponding Voyager 1 dynamic spectral plot. Peaks 3'~6' (lower 
curve) are believed to be later manifestations at the terrestrial 
station of the same arcs responsible for peaks 3-6 in the Spacecraft 
data. b, Cross-correlation of the two curves, the time shift being 
that of the upper curve with respect to the lower. 


Lecacheux*. The storms they observed, which were of type lo-B 
only, could be detected at one or the other of the two stations 
but not at both. 

Figure 1a shows plots of flux density against time for one of 
he selected storms as received at Voyager 1 and at the Mizuho- 
‘cho Observatory. The cross-correlation of the two curves as a 

function of the time shift of the upper one relative to the lower 

is plotted in Fig. 1b. The peak correlation, 0.62, occurs at a 

shift of about 42 min. We believe that this relatively high correla- 

tion strongly supports the assumption that each curve in Fig. 
la resulted from the rotation of the same more or less stable 
complex emission beam pattern past the direction of the observ- 
ing station, the beam rotating with the inner jovian magneto- 
sphere at the System III (1965) angular velocity. The 42-min 
time difference (occurrence time at Earth minus that at Voyager 

1) is the algebraic sum of three components. These are the 

difference in propagation times from Jupiter to the receiving 

stations (+34 min), the difference in right ascensions of the 

stations divided by the System III angular velocity of rotation 
A+38 min), and a third component (—30 min) due to the com- 
ned effect of the shape of the beam cross-section and the 
“difference in station declinations. It is the last component that 

provided the information used in our analysis of the beam 
structure. | | 

The more usual way of displaying Voyager Jupiter data has 
been by means of the dynamic spectrum, in which signal intensity 
is indicated by shades of grey on the frequency-time plane. A 
decametric storm on such displays is generally :made up of a 
family of nested arcs, like a series of opening or closing paren- 


” _theses’**. The Voyager 1 dynamic spectral plot of the storm 
of which the upper part of Fig. 1a is a fixed frequency profile 














_ Peaks 3, 4, 5 and 6 in the Voyager 1 curve, adjuste 
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Fig. 2 Beaming geometry. At upper left are shown the relative oe 
positions, in terms of jovicentric sidereal coordinates, of Earth, eae 
Voyager 1 and Voyager 2 in early February 1979. The sketch at 
the upper right suggests the shape of the assumed emission beam = 
envelope that rotates with Jupiter. The co-rotating celestial sphere, 

at the bottom, indicates qualitatively the System III longitudes and. 
declinations of the three stations at the start and end-of the storm 

produced by the passage of the beam envelope. 


shows well-defined spectral arcs corresponding to peaks 1-6. 
These arcs were of the closing-parenthesis, vertex late shape _ 
characteristic of non-lo-A storms’. Their vertex frequency (that 
is, the frequency at which a constant-time line is tangent to each _ 
arc) was about 12 MHz. It seems likely that peaks 3'~6’ inthe _ 
lower plot are due to the same arcs as are peaks 3-6. The 
difference in shapes and relative heights of the corresponding 
peaks, and the absence of peaks 1‘ and 2’, could be due entirely | 
to the effects of scintillation and variable Faraday rotation in. 
the terrestrial ionosphere above the Mizuho-cho Observatory, 
or alternatively they could be due to a combination of terrestrial - 
ionospheric effects and actual differences in the emitted beam 
intensity at the different declinations and times. The start and 
end times of the correlated parts of the storm at the two stations 
were estimated (using ‘start B’ for the Voyager 1 curve), and 
the delays of one start time relative to the other andofoneend _ 
time relative to the other are indicated by arrows in Fig. 1b. It _ 
is apparent that both delays are close to that at which the peak ` 
correlation for the entire curves occurs. ae 
It was not feasible to obtain cross-correlation plots for deter- > 
mining relative station delays for the other members: of the 
group of five selected storms. We have instead used storm stai 














and stop times in the analysis to be described below. " fhe 18 
difference between ‘start A delay’ and ‘start B delay’ in Fig 


We have estimated peak Jupiter flux density, background noise 

level and signal-to-noise ratio for the two recordings in Fig. la. 
The peak flux densities received at Voyager 1 and at the Mizuho- 
cho Observatory were 5x107!? and 5x107? Wm”? Hz 
respectively. The Voyager 1 value adjusted to Earth distan 
is 11 x10720 W m~? Hz", which is about 3 Db higher than | 
terrestrially measured value. The mean of the flux der 
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Fig. 3 Station positions at starting and ending times of correlated 
storms, plotted on the celestial sphere that co-rotates with Jupiter. 
E; VI and V2 indicate the mean declinations of Earth, Voyager 
1 and Voyager 2 (0.55°, 3.15° and 7.41°), respectively. Each solid 
line connects points representing the station positions at the start 
of the storm designated by the letter at the top of the line, and 
the dashed line labelled with the same letter connects the station 
points at the end of that storm. 


distance, is about 6 Db higher than the mean of peaks 3’, 4’, 5’ 
and 6’ of the Mizuho-cho curve. Although these differences are 
no greater than would be expected from the Voyager radiometer 
calibration uncertainties, they could also be attributed to terres- 
trial ionospheric effects in the Mizuho-cho recording. The back- 
ground noise level of the Voyager receivers was mainly due to 
interference. from within the spacecraft, while that for the 
Mizuho-cho receiver was mainly galactic noise. The minimum 
-detectable flux densities. for the Voyager 1 and Mizuho-cho 
radiometers as calculated from background levels, bandwidths 
and integration times were estimated to be about 10778 and 
3x 10°22 Wm? Hz™!, respectively. The corresponding ratios 
of peak Jupiter flux density to minimum detectable flux density 
were of the order of 10? for both radiometers. 
_In the analysis of the group of five selected non-lo-A storms, 
the start and end of each storm were treated as separate events. 
It is assumed that each such event at each station resulted from 
the passage of the leading or trailing edge of an emission beam 
that co-rotates with the inner magnetosphere at the System III 
angular velocity. The propagation delays to the observing 
stations were unequal, and were continually changing. In this 
- analysis the propagation delay was subtracted from the time of 
_ observation at each station, so that the corrected time referred 
‘to the instant at which the observed radiation left the planet. 
Differences in the jovicentric right ascensions of the stations 
> were taken into account by converting each corrected event 
time into the System III central meridian longitude at that 
instant, as viewed from the jovicentric right ascension of the 
orresponding station. Any significant differences in the central 
meridian longitudes of a given event at the two or three stations 
-> could thus be attributed to the combined effect of the shape of 
- the beam cross-section and the differences in station declination. 
The jovicentric right ascension and declination of each station 
_ in early February 1979 are indicated in Fig. 2. The declinations 
<o were essentially constant throughout the observation period, 




















- (V1) and +7.4° for Voyager 2 (V2) 0 
The situation is simplified conceptually by considering projec- 
toa co-rotating celestial sphere on which the coordinates 
jovicentric declination and System III longitude, as shown 
observed event is represented by a point on 








-> the mean values being +0.6° for Earth (E), +3.1° for Voyager 
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Fig. 4 Mean positions of the three stations at the midpoints of 
the correlated storms (filled circles) compared with published data 
on the long-term variation of the non-lo-A longitude centroid 
with the jovicentric declination of the observer (straight line). 
Points p and q are the mean midpoints for the two-station corre- 
lated storms; r, s and t are those for three stations. Points E and 
V1 are the means for all the storms. Point V2 was determined by 
moving segment st parallel to itself until s coincided with V1. 


station at the propagation-corrected event time. Figure 3 shows x. 
the points corresponding to the two events (start and end) 
defined by each storm that was observed at each station. 
Although the peaks corresponding to individual spectral arcs 
within storms were often not clearly distinguishable in our 
single-frequency plots, the measured start and end times for 
each station were presumably the beginning of the first detect- 
able arc and the ending of the last one, respectively. In Fig. 3 
the solid lines connect corresponding points representing the 
start of a storm, and the dashed lines connect the ending points. 
The region between corresponding solid and dashed lines indi- 
cates the directions in which radiation was being emitted; it 
therefore represents a portion of the cross-section of the 
envelope of the storm beam structure (that is, the envelope of 
the narrow beams associated with the individual spectral arcs 
comprising the storm). Several features of Fig. 3 should be 
noted. The leading and trailing boundaries of the beam envelope 
for each storm were inclined in such a way that they encountered 
lower-declination stations before higher-declination ones. The 
two boundaries of every beam envelope appear to have been.» 
roughly parallel to each other and to those of the others. The 
slopes (A dec./A long.) of the segments E to V1 in Fig. 3 average 
0.31 for storm beginnings and 0.27 for storm endings, while for 
the V1 to V2 segments the averages are 0.43 and 0.49, respec- 
tively. | 

These results agree qualitatively with a model in which the 
storm emission beam envelope is in the form of a curved sheet 
that co-rotates with the planet, as suggested by Fig. 2. If it is 
further assumed that the leading and trailing boundaries of the 
curved emission beam are cones, that the axes of the cones are 
aligned with the directions of the magnetic field in the source 
region, and that the emission frequency is close to the electron 
cyclotron frequency, itis possible to infer the jovigraphic latitude 
and longitude of the non-lo-A source. Our preliminary calcula- 
tions based on the O, magnetic field model’ suggest that this 
source lies in or near the northern jovian auroral zone. If the. 
boundaries of the emission beams were full cones, there would 
be another non-Io emission region at central meridian longitudes 
on the opposite side of the longitude towards which the jovian 
magnetic dipole vector is tipped (~200°), with storm beginning 
and ending slopes opposite to those of the lines in Fig. 3. A 
search revealed no such image source. It was therefore necessary 
to assume that the emission beam must be approximated by a 










sector of a cone, as in Fig. 2, rather than by a full cone. 


Finally, we examine these results in the light of long-term 
statistical studies of source non-lo-A based on two decades of 
ons®® and the more recent genera 
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without regard to possible ground station correlations)’®. In Fig. 
4 the points E, V1 and V2 represent the non-Io-A storm 
based on the data from 





va 

activity’"'°. The agreement of our three points with this line is 
relatively good, especially with regard to slope. We conclude 
that the well-known quasi-linear relationship between the cen- 
troid of the long-term longitude distribution of non-lo-A occur- 
rence probability and the jovicentric dectination of the observer 
is apparently a result of the superposition of the effects of a 
great many co-rotating but relatively short-lived emission beams 
occurring throughout the source A region of central meridian 
longitude, most of which have the characteristic shape suggested 
by our model. This shape, a curved sheet that is concave on its 
higher longitude side, is in qualitative agreement with the conical 
sheet beams that were assumed in some models?t!-13 accounting 
for the decametric spectral arcs when such models are applied 
to source non-Io-A, 
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The finding of abundant aluminium-rich objects within ordinary 
chondrites’? supports the suggestion‘ that carbonaceous and 
type 3 ordinary chondrites, and their components*’, share 
common origins. However, oxygen isotope systematics? 
demonstrate that the chondrules present within the two 
meteorite types have isotopically distinct solid precursors, so 
while they may have a similar mode of formation, the chondrules 
come from isotopically separate reservoirs (a later reaction with 
a similar ambient gas is a possibility”). 76Mg excesses generated 
by the in situ decay of 7°Al have previously only been found 
within Ca—Al-rich inclusions (CAIs) from carbonaceous chon- 





RANA Hee irani 


drites™*4, In a search for 2°Mg excesses generated by “Al decay. 
we analysed four Al-rich objects from the type 3 ordinary 


chondrites using an ion microprobe. We report here the pre 
up to 100% in an unusually pu 












__ of New Mexico, 45); 5, Dhajala (University of New: Mexico, 127). 
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No *°Mg excesses were observed in an earlier study of pla 
clase from more evolved meteorites including aubrites, eucrites, 7 
type 6 ordinary chondrites and irons'* Mg excesses (if _ 
originally present) are, however, more likely to be preserved in _ 
type 3 ordinary chondrites which have undergone much less _ 
reprocessing after accretion, In this study mineral compositions 
(Table 1) were determined using an ARL EMX-SM electron _ 
microprobe operated at 15kV accelerating potential and a 
20nA sample current, analyses were corrected by standard _ 
procedures". The Ca-Al-rich objects were also studied with _ 
Hitachi 450 and JEOL JSM-35 scanning electron microprobes _ 
(SEMs) operated at 15-25 kV and equipped with energy disper- 
sive analysers. The magnesium isotopes were measured, at low _ 
resolution, on the Chicago AEI IM 20 ion microprobe using 


the techniques and standards of Hutcheon’? and Bar-Matthews 


et al.’”. Corrections were made for the unresolved overlap of _ 
*“Ca?* at mass 24 using the measured “Ca2* intensity at mass 
20. *’Al” intensities could not be recorded during magnesium. 

isotope analysis because of its high intensity under normal 7 
recording conditions. Within-run 77AI*/?*Mg* ratios were oe 
therefore calculated usin 
*7AI"/?4Mg* against “°Ca */**Mg” (separate curve for each 


mineral) given by *°Ca?*, **Mg* and ?7AI* intensities recorded _ 


at the beginning and end of each run. Absolute *7Al/*4Me ratios _ 


are estimated to be +8% (20) for individual analyses and+10% 


for within-run measurements (see below), The 25 Mg/**Mg ratios — 


recorded for the hibonite standard were fractionated relative 


to true values but were reproducible to +5% (20) over the 
2-month period that the data were recorded. Absolute 
*°Mg/**Mg ratios given in Table 2 assume that the discrimina- 
tion for unknowns is the same as that of the Standard. © 

The plagioclase analysed within the ALHA 77299 (H3) and 


Sharps (H3) chondrites occurs as constituent grains in Ca-Al- : : 
rich chondrules. Chemical analyses are given in Table 1. Plagio- 


clase (anorthite An ~90) from ALHA 77299 occurs as A 


Table 1 Electron microprobe analyses (in wt%) of plagioclase ‘and | o 





hibonite ees 

1 2 3t a 5 r 
SiO, 45.2 54.5 44.0 45.6 
TiO, 0.11 <0.04 — wim REQ LOS ET 
ALO, 35.7 28.9 34.5 35.4 9Q: 
Cr,0, <0.04 —_— — <0.05. 0,08 
FeO 0.21 16 | 1.07 0.38 oo 
MgO <0.01 <0.02 == <0.02 
CaO 17.7 10.9 17.75 181 O8; 
Na,O 1.14 4.8 1.47 1.15 ; 
K,O <0.02 0.03 _ <0.01 — 
Total 100.13 100.79 — 100.71 
SF* - 20.02 19.99 — 20.04 
An 89.5 55.5 87.0 89.9 
Ab 10.4 44.3 13.0 10.0 
Or 0.1 0.2 — 0.1 


1-4, Plagioclase; 5, hibonite; 1, ALHA 7 7299, 40; 2, Sharps (National | 
Museum of Natural History, Washington DC, G40-1); 3, Krymka (Field 
Museum of Natural History, Chicago, ME 2753); 4, Hobbs (Universit 
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Fig. 1 Backscattered electron image of the hibonite fragment 
(~70 pm long) from the Dhajala (H3) ordinary chondrite using 
a JEOL JSM-35 SEM. The hibonite grain has been repolished 
after ion microprobe analysis to a depth of ~5 pm. The holes 
caused by ion microprobe analysis can be seen to be restricted to 
the centre of the hibonite grain. Hib, hibonite, FeSp, Fe-rich spinel; 
CrFeSp, Fe-Cr-rich spinel, F, fragmented hibonite and spinel. 
Scale bar, 20 pm. 


elongated laths up to 400 um long and 60 pm wide. They are 
embedded in a fine-grained intergrowth of more sodic plagio- 
clase and a Ti-bearing phase (mineral identification uncertain 
due to its small size). Other constituents of this chondrule include 
zoned spinel (FeO: 12.4-14.4 wt%: Cr,O;: 1.5-11.4 wt%) and 
fassaite (Al,O,: 8.4wt%; TiO,: 4.1 wt%). The plagioclase 
within Sharps occurs as anhedral to subhedral crystals which 
are mainly restricted to the chondrule rim. The chondrule 
(200 um in apparent diameter) consists of approximately 
70 vol% plagioclase; minor phases present include chromite, 
low-Ca pyroxene and an Fe-rich mineral, probably olivine. In 
the Krymka (LL3) ordinary chondrite, plagioclase (An ~ 90) is 
present as an interstitial phase between olivine and low-Ca 
_ pyroxene within a porphyritic chondrule. The total chondrule 
is not Ca~Al-rich, as it has a bulk ALO, of less than 5%. 

_Asingle hibonite clast (~70 pm long, Fig. 1) was found within 
the Dhajala (H3) ordinary chondrite. Electron microprobe 
analyses revealed that this hibonite grain is extremely pure, with 
= contents of MgO, TiO, and NaO below the detection limits 
(Table 1); ion microprobe measurements gave magnesium con- 
tents of 17 to 200 p.p.m. The only previously reported hibonites 
of comparable purity are those found within the HAL inclusion 


from the Allende meteorite”’’. Both hibonites contain small 


amounts of Fe (FeO: 0.3-0.5 wt%) and HAL hibonite ao 


:- contains moderate amounts of Ti (TiO,: ~0.7 wt%). The 


hibonite within the centre of the HAL inclusion contains fine 
Ti-rich needles, inferred to be rutile; in contrast, Dhajala 
hibonite has a discontinuous rim of Fe-rich and Fe~-Cr-rich spinel 
(Fig. 1). The Dhajala hibonite grain has a few well-defined 
= crystal faces and a moderately well-developed cleavage. 

 Repolishing after analysis revealed that the original crystal has 
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Fig. 2 7°Mg/**Mg (corrected for mass fractionation; see refs 14, 
19) and 25Mg/7*Mg (uncorrected) against 27 al/*4Mg ratios for 
Dhajala hibonite (©) and the Madagascar standard (©). A slope 
of 8.4+0.5% 107°, intercept 0.1410 + 0.0041 (20) and correlation 
coefficient 0.9754 is given for *°Mg/**Mg against 27 Al/**Mg. A 
slope of 1.38 +1.2x 10°”, intercept 0.12741 + 0.00093 and corre- 
lation coefficient 0.1775 is given for *>Mg/**Mg against 27 Al/**Mgp. 

The error bars are 20. 





been fragmented at one end (Fig. 1). The HAL hibonite grain 
analysed in this work does not contain needles and comes from 
the outer clear hibonite rim. 

The magnesium contents of the plagioclases analysed by ion 
microprobe (Table 2) varied by more than a factor of 60; 
however, magnesium contents of plagioclases from each chon- 
drule only varied by a factor of 2. The average isotope ratios 
for the plagioclase grains within each chondrule are given in 
Table 2. Long runs were not made on single grains because of 


their small size. All plagioclase analyses were within error of- 


the terrestrial standard and no *°Mg excesses were observed 
outside the error limits. : 

As noted above, the Mg content of the Dhajala hibonite is 
extremely low; great care was therefore taken to exclude the 
possibility of overlapping the peripheral areas of the primary 
beam onto the included spinel or the (high Mg) olivines within 
the surrounding matrix. Despite the fact that only the central 
area of the hibonite was analysed (Fig. 1), large variations in 
the 27Al/2*Mg ratio were recorded. The measured >5Mig/**Meg 
ratios were consistently greater than that recorded for the 
hibonite standard (averaging +19%), and even after correction 
for mass fractionation (see ref. 14) very high *°Mg excesses 
were recorded. Although the isotope measurements were made 
at low resolution, examination of the mass spectrum at a resol- 
ution of > 1,500 confirmed that the excess at mass 26 is not 
caused by the possible, if unlikely, interferences CH3, BO" »y. 
CaC2", or °*Cr2", nor to AI scattering. The validity of the 
low resolution recording technique at low Mg concentrations 
for both 2°Mg and 7°Mg is also demonstrated by the normal 
values obtained on the HAL hibonite (see below and Table 2). 
The +19% per mass unit fractionation and Mig excesses would 
therefore appear to be real. 

To establish the overall range in 5°°Mg, all Dhajala hibonite 
runs were divided into sections of 10 individual recordings of 
the Mg isotopes (runs normally comprise between 30 and 160 
individual recordings). A plot of ?°Mg/?*Mg and **Mg/ Mg 
ions is given in Fig. Ve 
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Analyses 
10 


9 


*°Mg/**Mg* 


- 0.12704+172 
- 0.12680 + 242 


0.12706 + 70 
0.12666 + 96 
0.12629 + 90 
0.12618 + 128 
0.12712 +62 
0.12582 +50 
0.12610 + 56 
0.12684 + 44 
0.12840 +174 
0.12709 + 132 
0.12775+198 
0.12778+78 
0.12866 + 156 
0.13021 +240 
0.12709 + 294 
0.12871 — 
0.12756 + 10 
0.12650 + 10 
0.12553 + 34 
0.12592 + 72 
0.12546 78 


25Mg/ *4*Mig§ 
0.12583 + 70 


0.12685 +110 


26M g/ Z4M g 


0.14005 + 300 
0.13979 +170 
0.13932 +130 
0.13869 + 142 
0.13871+140 
0.14121+181 
0.13963 + 90 
0.13795 + 82 
0.13825 +74 
0.14002 + 76 
0.17149 + 202 
0.15418 + 132 
0.18529 + 208 
0.15089 + 126 
0.19484 + 404 
0.27493 + 854 
0.20174 +480 
0.23147 — 
0.13748 +17 
0.13939 + 20 
0.13743 + 36 
0.13715 + 80 
0.13752 +82 


*°Mip/?*Mg 
0,13778+ 151 


0.13979 +191 


Loire Valley 3 0.12607 + (72) 0.13837 + (157) 





27 Al/*4Mg 5*>Met 


1,860 
2,895 +] 
1,211 
—5.4£13 136 


5°°Mg 
-3.0411 lag. 


+0.2+12 136 
+14.7+16 119 
—~4,.1+8 44° 
1.747 61 | 
~O.34+7 56 
1.56 69 
204+19 2,176 
99+14 1,805 
313+22 4,829 
66+9 1,742 
368+17 5,599 
920 +26 15,655 
44l +33 6,300 
630( + 28) 10,639 
-0.7 £1.5 me 
+2.0+1.6 — 
$2.34+3.8 3,176 ) 
—~S5.4+8 9,227 —2 
+4.049 10,704 


ô” Mg 77 A17 Mg 
0.3+3.2 352 Hib 


-4 43.6481 Plag. 
-3 1344.1 Pla 
+19 +380 Hib 


0 0.7+4.0 


+1.243.8 Hib 


~0.4+5.5 221 
+1.04 (1.2) = 


* All runs are at least 30 individual recordings of the magnesium isotopes. All errors are 20. 


+ ?°Mg errors relative to standard +5%. 
+ Average of four short runs, data included in Fig. 2. 


§ 26 errors are observed variations between individual analyses of the standard. 


*°Mp/**Mg can be seen to correlate strongly with *’Al/?*Mg; 
the maximum *°Mg excess of 1,064 + 27% (20) at ?7Al/74Mg = 
17,200 + 1,700 is the highest so far recorded. However, the 
initial “°Al/*’Al ratio of 8.4 + 0.5 x 10~, given in Fig. 2, is much 
less than the commonly observed value of 4.5 x 107° recorded 
for carbonaceous chondrite CAIs*'°'*??-5, 25Mg/?4Mg ratios 
do not correlate with *’Al/**Mg as would be expected if the 
apparent variation in Mg content were due to primary beam 
“overlap onto the olivine-bearing matrix. Overlap onto the 
included spinel can similarly be excluded as the Mg in this phase 
is isotopically normal (Table 2); the hibonite would therefore 
appear to be zoned with respect to Mg. 

The HAL hibonite-rich inclusion has -been extensively 
studied’®?' and it has been shown that while the oxygen and 
calcium isotopes of the hibonite are anomalous (fractionated by 
30% and 7.5% per mass unit respectively), the measured mag- 

- nesium isotopic composition is within error of the terrestrial 
standards’®. The **Mg/**Mg ratio measured by ion microprobe 
(Table 2) is well within the +5% limit set by the reproducibility 
of the terrestrial hibonite standard and no 6*°Mg excess is 
observed. The 20 error limit for 5°°Mg gives an upper limit, 






for the initial 7°Al/?’AlI ratio, of 9x 107° for this inclusion and 


_ *a.54% per mass unit limit for any mass fractionation. The HAL 
l bonite grain analysed was zoned with respect to Mg, the 
reater part of the grain having an ?’AI/**Mg ratio in excess 
=> o£ 3,300. The Mg contents are somewhat lower than was found 
for the whole crystal analyses (*7A1/2*Mg ratio ~2,400 after 
blank correction**); this may be explained by the variability of 
-the Mg content. 
_ The high-temperature minerals in the Al-rich chondrules 










direct equilibrium condensates’. It is possible, therefore, that 
: h solids but ha 





‘Al was present within precursor Ca-Al-rich s 
ed before melting (and isotopic homogen: 












from ordinary chondrites crystallized from a melt and are not _ 





_ source of these hibonite-bearing inclusions may differ 








Certainly in situ isotopic homogenization, after accretion, BO 
unlikely for ALHA 77299 since the plagioclase within the _ 
chondrule is not of uniform chemical composition and the hydro- 
gen isotopic composition of the meteorite’s matrix is enriched _ 
in deuterium”’. Assuming an initial ubiquitous presence of Al, _ 
with an initial Al/?’Al ratio of 4.5107, the °°Mg error _ 
limits combined with the *’Al/?*Mg ratio indicate that the 
ALHA 77299 chondrule crystallized (and accretion occurred) | $ 
at least 4.5 Myr after the bulk of the carbonaceous chondrite _ 
CAIs were formed. In contrast, small *°*Mg excesses (initial — 
*°Al/°7Al ratio of 6X 107°) have been found in an igneous- 
textured inclusion from Allende** defining a possible crystalliz- 
ation age of only 2 Myr. The observed variations in” A7 AL 
may, however, simply reflect variations within the source 
materjal +28, | Ca y e 
While no °°Mg excesses were recorded for the plagioclase _ 
grains, the presence of excesses within the Dhajala hibonite, 
combined with the fact that they correlate with the 7AI/ Mg 
ratio, indicates that °°Al was present when the fragment of one = 
ordinary chondrite was formed. Taking the simplest view ofan 
initially uniform *°Al/?7Al ratio of 4.51075 and that no Mg 
mobility has occurred, the Dhajala hibonite formed ~2 Myr 
after the majority of the carbonaceous chondrite CAIs. If it 
assumed that a large body, with an average composition simil 
to that of Dhajala*®, has a *°Al/?’AI ratio of 8.4% 107° it 
be shown (using the equations of Schramm et al.'*) that the 
temperature increase within the core of the body would be less 
than 750°C and melting would not occur. Further, whil 
common source for both the ordinary and carbonaceou 
drite Ca~Al-rich objects is possible, the Dhajala hibonite 
_ chemically like the unusual HAL hibonite from Alle 





















of the majority of the Ca-Al-rich inclusions within 
‘Therefore, while “Al is present within the frag 


m 








ordinary chondrite, it cannot necessarily be inferred to be pres- 
ent throughout either Dhajala itself or the ordinary chondrites 
-as a whole. 7°AI presence has been extended but its importance 
‘as a widespread heat source in condensed Solar System bodies 
is still in doubt. | 
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Recent technical advances have made it possible to measure 
-o the abundance of boron in ultramafic xenoliths from alkali 
<. basalts thought to be representative of the upper mantle. Such 
` data can provide information on the cosmochemistry of boron, 
particularly the temperature and mode of condensation of this 
element from the solar nebula. Analysis of xenoliths, selected 
py Jagoutz et al.’ to represent fertile unaltered mantle, shows 
: that the mean boron abundance is more than three times that 
pected for the condensation temperature of 700 K calculated 


by Cameron et al”, Our measurements, reported here, suggest 
that boron condensed at approximately 1,200 K as a solid 
solution in alkali feldspar or enorthite and not as an independent 






— Boron geochemistry has been neglected, except in sediments, 
mainly due to lack of a rapid and accurate in 
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Fig. 1 C1 chondrite and silicon normalized data for moderately 

volatile elements. Data are listed in the order (left to right): D-1, 

Ka-168, KH-1, Po-1, Fr-1, SC-1. Boron data from this study, all 

other data from ref. 1. Condensation temperatures (K) are shown 
for some elements". 


method applicable at low boron abundances. We have recently 
constructed an analytical instrument that satisfies these needs”. u. 


Prompt y neutron activation analysis (PGNAA) which has bee a 





used sporadically over the past dozen years (for example, ref. 
4) permits measurement of y-rays emitted during neutron irradi- 
ation of samples. Our procedure is as follows. Samples weighing 
approximately 1 g are irradiated external to the reactor core in 
a flux of 6X 107 ncm™’s"'; y rays are counted bya 14% efficient 
intrinsic germanium detector 25 cm from the sample. The boron 
blank of the system has been carefully measured and found to 
be independent of sample size and composition. The small 
sodium interference on the boron peak was compensated using 
the method of Curtis et al.*. Contamination problems are minim- 
ized as sample preparation is limited to crushing and packaging. 
We have calibrated our system using chemical standards and 
find good agreement with values of the United States National 
Bureau of Standards and other standards (Table 1). At the 
abundance levels encountered in this study the main limitation 
of the accuracy is in the measurement of the blank of the system. 
The blank is contributed by boron-bearing detector components 
close to the sample position, and hence is very stable. The... 
detection limit is 0.1 p.p.m. and precision is +25% at the abund-4 
ance levels encountered in this study. i 

The purpose of the present study is to interpret the behaviour 
of boron during the condensation of the solar nebula and the 
subsequent evolution of the planetary system. Information 
derived both from meteorites and from terrestrial materials is 
necessary for this to be done, and the emphasis during the 
analytical programme has been placed on the latter. 

Spinel lherzolite xenoliths from alkali basalts are believed to 
be derived from the upper mantle. However, the upper mantle 
is known to be heterogeneous and the xenoliths exhibit various 
stages of depletion (extraction of magma) and enrichment 
(metasomatism). The samples used in this study were supplied 
by E. Jagoutz (Max-Planck-Institut fur Chemie, Mainz) and 
are from flows in France, Germany, Austria and the USA. 
These samples were selected on the basis of mineralogical ar : 
textural criteria to represent fresh, uncontaminated fertile 
mantle’. = : 

It is difficult to determine whether this objective has been 






achieved. However, the consistency of many elemental abund- 
ances from the diverse localities suggests that the samples are 


sufficiently representative for the purposes of this report. In 
addition the problem is reduced because we cor sider the relative 
abundance of different elements in the samples, thus the results 
are not affected by cosmochemical processes that raise or lower 
the abundances of all the elements of interest. The effects of _ 


extensive geochemical perturbations would be readily recogniz- 2. 
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Table i Boron in international geochemical reference standards 





B (p.p.m.) | 
Other 
Standard Measuredt estimates 
NBS 1571 Orchard leaves 32 33 * 
NBS 1633a Fly ash 41 39 + 
USGS PCC1 Peridotite 1.4 1.47 
USGS DTSI Dunite 0.5 = 
* Certified value. 
t Ref. 13. 
ł Ref. 14. 


able, as they would destroy the correlation between condensa- 
tion temperature and abundance (see later). 

The data (Table 2) have a mean of 0.53+0.07 p.p.m. (1e) 
or 6.5+0.8 atoms B per 10° atoms Si (ref. 1). The uncertainty 
is comparable with the accuracy of the method at these abund- 
ance levels, hence there are no Statistically valid differences 
between samples. Two items of data Suggest that this value is 
representative of unfractionated mantle material: (1) the abund- 
ance is consistent with pyrolite models of the mantle, if we 
assume no boron in dunite and 3 p-p.m. boron in mid-ocean 
ridge basalts”; (2) it is higher than analyses of other unmeta- 





< prsomatized spinel lherzolite xenoliths, where lower Al abund- 
~y- ances indicate that magma has been extracted®. 


In order to interpret these data we must next consider the 
cosmic (or solar system) abundance of boron and other moder- 
ately volatile elements, as derived from meteorite data. Cosmic 
abundances are well known for most elements but not for 
boron’*. The arguments that follow are critically dependent on 
the cosmic abundance chosen, hence the subject will be discussed 
in detail. Earlier estimates take no account of the class of 
meteorite from which the data were derived. For instance Curtis 
et al.’ in their study of meteorites obtained a boron abundance 
of 6.6133 atoms B per 10° atoms Si. However, boron is a 
moderately volatile element? and hence js expected to occur 
only in the meteorite matrix and not in chondrules. Anders and 
Ebihara applied a correction, for the dilution effect of chon- 
drules, to the data of Curtis’ and obtained a boron abundance 
of 24+ 5 atoms B per 10° atoms Si. The lower uncertainty in 
this value gives it greater weight, compared with the uncorrected 
~data of Curtis”. However, Curtis’s value agrees better with 
osmice abundance estimates derived from spectroscopic 
= observations of the Sun’, and hence should not be totally dismis- 
sed. The matter may be resolved when analyses of separated 
chondrites and matrix become available. 

Abundances of both boron and the moderately volatile ele- 
ments determined by Jagoutz et al’ have been normalized 
relative to Si and C1 chondritic abundances, following Anders 
and Ebihara" in the case of boron; the results are shown in Fig. 
1. The mean boron depletion value of the samples relative to 
chondrites is 0.27 in units of B per 10° Si atoms, which is in 
_ the range of the other moderately volatile elements. Normaliz- 
_ ation using the cosmic abundance of Curtis’ would give a deple- 
tion value of 0.98, which is similar to the refractory elements 
(for example, Al, Ca, La), and its implications will be considered 
shortly. 3 




















ived 25 August; accepted 7 December 1983. 


t. Jagoutz, E. et al. Proc. Lunar planet. Sci. Conf. 10, 2031-2050 (1979). 
2. Cameron, A. G. W., Colgate, 5. A. & Grossman, L, Nature 243, 204-207 (1973). 
3. Higgins, M. D. et al Proc. Int Symp. on Use and Development of Low and Medium Flux 


4. Gladney, E. S., Jurney, E. T. & Curtis, D. B. Analyt. Chem. 48, 2139-2142 (1976). 


5. Bergeron, M., Buffet, G., Higgins, M. D. & Shaw, D. M. Geol. Ass. Canada Progm 8, AG 





_ 44. Higgins, M. D. Geostandards News (in the press). 











B (p.p.m.) e 


0.64 
Ka-168 0.44 
KH-1 0.53 
Po-1 | 0.55 
Fr-1 | 0.55 | 
SC-] 046 
Mean 0.53 £ 0.078 ec: 








The xenoliths were selected by 
unaltered mantle. 
* £1 s.d, 





Jagoutz et al! to represent fr 


The moderately volatile elements have been arranged in Fig, - 
1 in order of decreasing nebular condensation temperatures". _ 
Jagoutz et al.’ pointed out the good correlation between deple- : 
tion values and condensation temperatures, which thus allows | 
us to estimate the temperature of condensation of boron as . 
approximately 1,200 K. This temperature is in contrast to the _ 
calculations of Cameron et al.? which suggested a condensation 
temperature of 700 K, similar to that of Zn (Fig. 1). Such a low A 
temperature would imply a depletion value for boron of ~0.08, _ 
which would correspond to an abundance of 0.16 p.p.m. Our — 


value of 0.5 p.p.m. boron in the xenoliths is clearly much greater __ 
than this, even after allowing for analytical error and uncertaint- — 


ies in the chondritic abundance. We do not believe that boron _ 
could have been introduced by contamination during prepar- 
ation. Therefore, we consider that the calculations of Cameron 
et al. are in error. | 

Their calculations were based on the following assumptions: 
(1) that the compounds considered (mostly borides and borates) 
are the most refractory crystalline compounds of boron; (2) . 
that boron did not condense as a solid solution in other phases 


at higher temperatures. It is unlikely that there exist refractory. - 


boron-bearing phases not considered by Cameron et al? that 
could condense at such drastically higher temperatures. Theres: | 


fore, it is most likely that the second assumption of Cameron 


et al.” is in error and that boron condensed in solid solution in 
high temperature phases. ie : 


Substitution of boron into crystalline structures is limited by 
its high charge density. However, it is known to substitute for __ 
aluminium in some minerals in terrestrial conditions. Refractory 


aluminium phases include corundum, hibonite, melilite, 


anorthite and alkali-feldspar''. Substitution into a feldspar is. 
most likely because these minerals condense at approximately 


1,200 K and such substitution under terrestrial conditions is well 
known", 7 

In the event that the chondritic abundance of Curtis’ proved 
correct, our data would indicate that boron condenses with the. 
refractory elements. This could be achieved by solid solution in 


corundum, hibonite or melilite. However, there is no evidence. ~ E, 
that such substitutions do occur. Further research is obviously Eo. 
needed here. | T 

The most acceptable interpretation of our data is that boron 
condenses from the solar nebula at approximately 1,200K in — 
solid solution in one of the feldspars. It does not condense with = 


the most refractory phases or as a separate phase. 
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The possibility of dissolution of hydrogen in the Earth’s core 
through the reaction Fe+ H,O—>FeO+FeH, was noted by 
Stevenson’, but has since been largely disregarded because the 
solubility of H in Fe was thought to be too low and the volatility 
of H,O too high to deserve serious consideration’. However, 
a recent paper? from this laboratory showed that the solubility 
of H in Fe is very large at high pressures, and that H could 
indeed be a major cause of the density deficit of the Earth’s 
outer core. In this paper I demonstrate, by investigating the 
nature of the iron—water reaction in more detail in light of 
recent advances in the knowledge of impact dehydration of 
planetesimals in the accretion process, that the iron-water reac- 
tion may well have played a decisive role in the evolution of 
the Earth. 

‘The scenario for evolution used here presumes that primordial 
‘material consisted of a 9:1 mixture of high-temperature and 
low-temperature condensates similar to E- and Cl-chondrite, 
‘respectively. This hypothesis, originally invoked to account for 
-the abundance of volatile elements in the Earth*’, has found 
additional support in recent years: infrared spectrometry has 
shown that asteroids in the main belt are classified into two 
distinct types similar in reflectance to E- and C-chondrite®, and 
oxygen isotope analysis has shown that, among various planetary 
materials, only E- and Cl-chondrites fall on the terrestrial line 
of fractionation’ and are therefore accessible as primordial 
material. 

More crucial is the assumption that a substantial part of the 
water, supplied as structural water in serpentine and/or chlorite 
in. the low-temperature component, was retained in the growing 
Earth. According to Safronov? and Weidenschilling’®, the 

accretion heating was rather small; for accretion times of ~ 107- 

10° years, the surface temperature of the growing Earth did not 
exceed ~350 K, which is much lower than the dehydration 
‘temperature of the hydrous silicates (2900 K). Based on this 
< and known dehydration characteristics of serpentine, Lange’! 
has evaluated the loss of water in the accretion process. He 
< found that the partition of water inside and outside the Earth 
depends critically on the dehydration efficiency (DE = water 
leaving solid planet and released to atmosphere + potential water 
loss due to shock heating in a single accretional event) and in 
particular, that all water can be retained in the Earth if DE is 
smaller than ~1/4. Although no reliable estimates of DE are 
available, these results strongly suggest that a major part of the 
water could indeed be retained in the proto-Earth. 

The reaction that takes place in the growing Earth when HO 
` ip the low-temperature component (C) comes in contact with 
` Fe in the high-temperature component (S) can be divided into 
© two steps: | 


Fe+x/2H,=FeH, (2) 


ie -‘Thermodynamical calculations show that reaction (1) proceeds 
` tothe right under all conditions of pressure (P) and temperature 
-~ ={T) encountered in the interior of both the present Earth, and 
< probably also of the growing Earth in the later stages of 
` accretion. Thus all water in the growing Earth will probably 


< have reacted with Fe except in the surface region where the 






_ temperature was not high enough to decompose the structural 
ter into molecular form. ‘The solubility of H in Fe (equation 








as calculated using the heat of solution at normal pressure 
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Table 1 Composition of the primordial material (wt%) 


C-component* S-componentt 
Fe 0 34.8 
Ni 0 1.9 
FeS 5.65 g 
SiO, 21.74 39.4 
Al,O, 1.59 1.8 
FeO 22.86 oO 
MgO 15.24. , 20.7 
CaO 1.18 13 
H,O 19.19 ð 
C 2.99 0 


nnn tne 


* Orgueil (Cl-chondrite). The value for FeS is given as $. 
+ Volatiles (including S$ and C) have been removed from the composi- 
tion of St Marks (E-chondrite)’. 
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Fig. 1 Solubility of H in Fe calculated as a function of p, T. 
Two-phase separation occurs as a result of elastic interaction 
between H atoms’”. 


and the equation of state of fluid H, at high pressures'”. The 
maximum concentration was assumed to be [H//[Fe]=1 by 
analogy with other metal~hydrogen systems, and the approxi- 


mate elastic interaction between H atoms was included. The s 
solubility thus obtained is shown in Fig. 1. as a function of pT. Y% 






The result is in good agreement with experimental data reported 
at a few selected values of p,T (refs 12-14). The overall results 
show that the reaction 


Fe + H,O > FeO + FeH, (3) 


occurs completely at p> 4 GPa and T> 700K. The pressure 
of 4 GPa corresponds to a depth of 110 km below the surface, 
where the temperature is expected to be higher than 1,000 K. 
For the quantitative discussions below 6 = 80 km is taken as a 
boundary between the inner region of complete occurrence of | 
reaction (3) and the surface region where reaction (3) can be 
disregarded. | 

It should be noted that the melting point of Fe is reduced 
appreciably by dissolution of H: solidified droplets of iron can 
be observed after reaction of Fe, Mg(OH):. MgO an 
SiO, xH,O at 1,200 °C and 5.4 GPa”, implying that the melt 
ing point of Fe is lowered by at least 500 K. | 

The scenario for the evolution of the Earth which these data 
support is as follows. From the early stages and throughout the 


accretion process of the Earth, the Fe-~H,O reaction occurs — n 
continuously in the inner region of the growing Earth, and 


molten blobs of the reaction product FeH, sink to form a 


proto-core. Some other elements, such as O and S, may also be 
dissolved on the way: Subsequently, the surface layer, being 


heavier than the Fe-depleted proto-mantle, is bound to undergo : 


convective overturn. During this process, the reaction of Fe 
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Fig. 2 Mass—flow diagram of the evolutionary process of the 
Earth. 


Core 





(contained in blocks of 5-component) with water (in blocks of 
C-component) is not expected to occur as effectively. Thus, the 
Fe sinks to join the proto-core without dissolving any appreci- 
able amounts of hydrogen, and the water is largely degassed to 
form a hydrosphere. 

To make the model more quantitative, I adopt chemical 
compositions of C- and S-components listed in Table 1, and 
compute the materials budget according to the mass—flow 
diagram shown in Fig. 2. For simplicity of calculation, the Ni 
content in the S-component was included with Fe. 

The amount of FeO dissolved in the core can be calculated 
from the constraint that the amount of FeO in the mantle is 
3.0%, which derives from the ratio FeO/(FeO + MgO) = 0.12 

“in the mantle and the average MgO content of 20.6%. The sum 
of the materials that enter the core amounts to 33.2%, clase 
to the value of 32.4% obtained from a recent seismological 
analysis (PREM)'®. As the amount of Fe coming from the 
surface layer is nearly equal to that of the inner core, it can be 
conveniently disregarded in calculating the composition of the 
outer core. The result obtained is FeHo 36001389093. (The Fe 
from the surface layer was presumably the origin of the inner 
core.) 

The density reduction to be caused by dissolution of these 
light elements can be estimated from 


Ap. 0.19x 0.36y 0.712 
p 1+0.19x 14+0.65y 141.282 


which applies to FeH,O,S, at the core-mantle boundary. This 

expression has been derived from shock~compression data on 

FeO, FeS systems'’, and theoretical calculations on the Fe~H 

\,pstem (K. Terakura, personal communication). The density 

-f reduction corresponding to the outer-core composition given 
above is —Ap/p=0.064(H)+ 0.040(O) + 0.020(S) = 0.124, in 
reasonable agreement with the ‘observed’ value, 0.092 + 0.02, 
obtained from comparison of PREM!® and the density of liquid 
Fe under equivalent conditions of P.T (ref. 18). 

Conversely, the amount of water incorporated in the proto- 
Earth so as to reproduce the ‘observed’ density reduction of 
the outer core can also be estimated. This leads to the conclusion 
that about 25% of the water in the C-component was lost in 





(4) 





the accretion process (a reasonable value in view of Lange’s 


estimates'’), and the composition of the outer core is 
FeHp 2700.97S9.03. More detailed discussions on the core compo- 
sition may not be warranted without better knowledge of the 
composition of the primordial material. (Retention of sulphur 
.. in the S-component, for example, tends to reduce the necessary 
mount of H.) 
Finally, the evolutionary scheme presented here also has 
profound implications for the formation of atmosphere/hydro- 
sphere, since it implies that Fe served as a scavenger of volatile 
elements H, C, N in the interior of the growing Earth and 
brought them into the core. The intact surface layer remaining 





would then have degassed durin g convective overturn to produce — 

the atmosphere/ hydrosphere. The convective overturn, which 

took place shortly after accretion had been completed, provides. 
_. 4 natural explanation for the ‘catastrophic degassing’, which, as 


: occurred in the very early history 





shown by Ar-isotope studies, 
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is possible; more than a million transients can be- 
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Heteroatomic (N, S, O) species are a significant factor inthe 
stability and usefulness of natural and synthetic fossil fuels, 
Although sulphur and nitrogen removal have received much _ 
attention, oxygen is also important, being the most abundant 
heteroatom in most coals and requiring consumption for its 
removal, a requirement which can adversely affect the. 
economics of coal liquefaction. Oxygen bonds (for example, 
ethers), on the other hand, may be the ‘weak link’ in the 
depolymerization of coal. Also, oxygen functionalities may 
interfere with the desulphurization and denitrogenation pro- _ 
cesses. Thus, the unequivocal identification and quantitative ` 
determination of oxygen functionalities could greatly aid in the 
design of processes for producing and upgrading synthetic fuels __ 
in a cost-effective manner™?, We now report the successful use 
of nuclear magnetic resonance (NMR) of naturally abundant 
17O to determine oxygen functionalities in synthetic fuels. 
1TO-NMR has found only limited use in the study of natural 
substances because of its low natural abundance (0.037%) and 
the broad lines encountered due to its quadrupolar nucleus 
(1 = 5/2). However, with improvements in Fourier transform 
NMR instrument sensitivity, ‘7O-NMR may become very im- 
portant as a tool for studying oxygen functionalities in natural 
systems previously considered to be too low in oxygen for. 
successful study”. Despite its difficulties, ‘7O-NMR has severa. 
important advantages. The chemical shift of 1O has as 
range of ~800 p.p.m., and the '’O chemical shifts of many 
(molecular weight <100) compounds have been reported 
throughout this range**. The quadrupolar nature of the 1 
which broadens the observed lines also shortens the spin-lat 
relaxation time (T;) of the nuclei, such that very rapid pul 
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Fig. 1 O-NMR spectra of coal 

liquids. a, Very weak acids (AL); 

b, weak acids (A2); c, strong acids 

| l (A3). All chemical shifts are referred 


| a to water. 
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- overnight. Determination of the relative amounts of the various and B.C.G., in preparation). These methods show the very 
oxygen functionalities can also be done, if O spectra with weak acid to contain dimethyl benzofuranone, cyclohexylphe- 
sufficient signal-to-noise ratio are available and the various nol isomers, ethylphenoxybenzene, methylcyclohexylphe- 
signals are resolved. - nol, trimethyldihydronaphthalenone, tetrahydronaphtho!l and 
“The samples used in our study were the heavy distillates phenylphenol. The weak acid contains tetrahydronaphthol, 
produced from Powhatan No. 5 coal using the SRC-H process’, phenylphenol, methyltetrahydronaphthol, methylphenyiphenol, 
_ and three acidic and two basic fractions that had been prepared cyclohexylphenols and dimethylphenoxybenzene. The +O spec- 
_ chromatographically from the heavy distillate. The oxygen trum of the strong acids (A3) shows only the prominent acetone „ 
-content of the samples was total heavy distillate, 2.3%; very and methanol peaks, a small peak around 0 p.p.m., probably 
"weak bases, 7.1%: strong bases, 1.8%; very weak acids, 8.9%: due to water, and a peak at ~230 p.p.m: This is the appropriate 
= weak acids, 9.8%; and strong acids, 17.9% (see ref. 10 for spectral region for furans and the carbonyl oxygen of carboxylic 
`- additional data on these materials). acids. The chemistry of the separation procedure and the IR 
-The present data were obtained with a Varian XL-200 spec- data indicate that carboxylic acids are the most likely candi- 
o trometer using a 14-us pulse (90°), a 13-ms acquisition time dates’”®. | 
-> and a 20-ms delay. Using this sequence, about 30 transients gy The !70-NMR spectrum of the total heavy distillate was also 
-> or 108,000 h`? can be obtained, yielding a good spectrum within recorded. Although 2.7 X 10° scans were used, the spectrum is 
a few hours. Deuterated methylene chloride was used as the noisy. Integration measurements indicate that about 19% of the 
<o solvent for acid and base fractions; it was also usedinallsamples oxygen is in the alcohol, phenol. or ether region of —50 to 

as the field ney lock solv x 1 100 p.p.m. Phenols are most likely. About 44% of the oxygen 
-o transients were recorded before Fourier transformation. Figure is in the carboxylic acid (C=O) and furan region at 150- 
< T gives the 17O spectra of the very weak acids (A1), weak acids 280 p.p.m. The chemical shift range of 310-380 p.p.m. contains 

l i ~14% of the oxygen. Esters are the only reported compounds 
having '70-NMR signals in this region**; however, the-?’0- 
NMR shifts of many of the oxygen-containing aromatic com~ 
pounds that may be found in coal liquids, such as quinones an 
aromatic acids, are unknown. The carbonyl region, due to 
ketones and aldehydes (480-550 p.p.m.), contains about 23% 
of the oxygen’. These determinations are speculative at this 
stage and better spectra are needed for more reliable quantita- 
tive measurements. 3 | | 

As Fig. 1a shows,.a very favourable situation for quantitative 
analysis exists in the YO spectrum of the very weak acid (A1). 
From the spectrum integration, about 4% of the oxygen isin 
the ketone or aldehyde region of 500-550 p.p.m., 29% isin the 
phenol, alcohol and-ether region of —10 to 80 p.p.m. and the 
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catalogue of '’O chemical shifts of coal-like compounds existed, 
one might be able to split this region into oxygen functionality 
sections. Overall, the integration values for the coal liquid signals 


\ and the methanol and acetone signals are consistent with the 


50 ul of each pure compound and a 1-g sample of coal liquid 
acid containing about 9% oxygen by weight. 

The O spectra of the sample of very weak bases (B1) and 
that of the strong bases (B3) have peaks at 0 p.p.m. in B3 or 
slightly negative in B1, due to traces of water. A strong peak 
from 30 to 80 p.p.m. in B1 is assigned to alcohols, ethers, phenols 
and higher aromatic alcohols. Phenol is reported to have a 
chemical shift of 69 or 79 p.p.m.**. The large peak in B3 at 
250 p.p.m., also found in B1 as a smaller peak, may be due to 
furan-type oxygen. Furan is reported to have an 17O chemical 
shift of 241 p.p.m.*°. The spectra of the strong bases (B3) lack 
any prominent '’O peaks above 400 p.p.m. The strong reson- 
ance between 450 and 520 in BI may be due to compounds 
such as acetophenones substituted by -OH or NH) groups’. 
The presence of phenolic amines in this fraction has been indi- 
cated by other spectroscopic techniques!?. 

The IR spectra of Al and A2, the very weak and the weak 
acids, and B1, the very weak base, are essentially identical. They 
consist mainly of a strong absorption centred at 3,400 cm”? that 
is assigned to OH groups, a band between 2,800 and 3,050 cm™! 
due to aromatic and aliphatic hydrogen, a very weak band at 





™y-1,700 cm™ in the acids that may be due to C=O, bands at 


£1,600 and 1,400 cm™?, also due to C—H, a strong band centred 
at 1,200 cm™’ due to OH and bands at 800 cm™?, again due to 
aromatic C—H. Hydroxyl groups appear to be the only major 
non-hydrocarbon bands in the IR spectrum. In the 70-NMR 
spectrum, hydroxyl groups are the ma jor peaks in Al and A2, 
although some carbonyl oxygen also appears in Al. Some 
hydroxyl oxygen is present in the very weak base, B1, but there 
are also some other peaks, such as those in the furan region, 
that are not observed in the IR spectrum of this fraction. The 
strong base, B3, has the same CH bands as the others (A1, A2, 
' B1) but lacks the strong hydroxyl bands at 3,400 and 
1,200cm™'. There are some weak absorbances at 3,200- 
3,500 cm™" which may be due to amines or a low relative 
concentration of hydroxyl groups. By '’O-NMR, as discussed 
above, there is evidence of much more oxygen functionality in 
B3. There is good evidence of acids and other hydroxyl function- 
ality in the IR spectra of the strong acid, A3, in agreement with 
findings in the '7O spectrum. 
‘eg With materials of low oxygen content (~1%), as much as 
“16h of spectrometer time may be necessary to obtain useful 
spectra, incurring an expense that may discourage '’O-NMR 
analysis of large numbers of routine samples. Since }7O0-NMR 
is specific to one atom and the signal area is directly proportional 
to the concentration of the functional group, it offers an excellent 
method of quantitative analysis. Thus, }7O-NMR can be a very 
powerful tool for the investigation of oxygen functionalities in 
the complex mixtures present in synthetic fuels. 
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Petroleum generation by laborato: y 
scale pyrolysis over six years simulati 
conditions in a subsiding basin __ 


J. D. Saxby & K. W. Riley 


CSIRO Division of Fossil Fuels, PO Box 136, North Ryde, 
New South Wales 2113, Australia 


Many researchers have attempted to duplicate under laboratory 
conditions the geochemical reactions that lead to economic 
deposits of liquid and gaseous hydrocarbons! +. Experiments _ 
lasting from a few** to several hundred’ days, usually at con- 
stant temperatures, have been devised. The differences in time 
scale and other parameters between geological processes and _ 
laboratory experiments are so great that the relevance of labora- — 
tory results is often questioned®°. Consequently, we have _ 


heated potential source material from 100 to 400°C over six | 


years, increasing the temperature by 1°C per week. This was 
done in an attempt to simulate the thermal history of asample 
being buried in a continuously subsiding basin with a constant _ 


geothermal gradient. After four years, a product indistinguish- 
able from a paraffinic crude oil was generated from a torbanite, 
while a brown coal gave a product distribution that could be _ 


related to a wet natural gas. Of great significance is the absence * 
of olefins and carbon monoxide in all products. We believe the. 

present experiments, which are possibly as slow as can be 
realistically planned within a human time scale, have for the 


first time successfully duplicated hydrocarbon generation ina — 


continuously subsiding sedimentary basin. 
Two extreme types of source rock were chosen for this study: 
a Permian torbanite from Glen Davis (New South Wales, Aus- 
tralia) and a Tertiary brown coal from Loy Yang (Victoria). 
Each was extracted with chloroform and demineralized with 
HCI and HF to give a kerogen containing less than 0.3% mineral = 


matter. Insoluble organic material was used so that the initial P 
solid state decompositions would be studied, eliminating both 
catalytic effects of minerals and, in the case of brown coal, 
reactions of soluble natural waxes. A series of l-g samples in 


open glass tubes was dried under nitrogen at 105°C and each - 
sample individually sealed in a separate stainless steel ‘bomb’ 


under nitrogen at atmospheric pressure. The bombs were placed 


in an oven at 100°C and the temperature increased by 1°C 
each week. Bombs were taken out periodically and cooled, and 
the mixture of nitrogen and generated gases was released and 


analysed. The residue in the glass tube was extracted with 


n-hexane and then with chloroform. The insoluble solid residue 
was dried under nitrogen. The hexane extract was analysed by -> 
gas chromatography-mass spectrometry (GC-MS) both before 
and after evaporation of the solvent under nitrogen. | a 


Mass balance data for samples removed at yearly intervals > 
are given in Table 1. Some tubes (particularly after six years) 
were difficult to open, leading to less precise results. The small 


yields of oil and asphaltenes after one, two and three years 
probably represent indigenous material not completely removed 
by chloroform extraction, which was only carried. out before 
HCI and HF demineralization, For the brown coal, the last 
column in Table 1 probably represents mainly water, both 
retained after drying at 105 °C and generated during pyrolysis. 
For most torbanite samples, values in the last column are 


believed to be dominated by losses of powdery, solid material. 


An exception is the sticky torbanite residue after 200 weeks 
which was easily recovered, and the loss in this case is thought- 
to be mainly light oil. e 

Probably the most interesting results were obtained from the- 
samples heated to 300 °C over four years (Table 1). In particular, 
the torbanite data show that the main phase of oil generation 
has been entered during the fourth year of heating. After five 
ears, cracking of oil had commenced and after civ vaare an 
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Table 1 Slow pyrolysis of torbanite and brown 
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coal for up to six years beginning. at 100 C 


Product (% w/w of original, dry organic matter) 
Losses, water 


Max. temp. Oil (hexane Asphaltenes Solid and light oil 
| (weeks) (°C) Gas soluble, C,,+) (CHC, soluble) residue {Cg-Cy9) 
> Torbanite 50 150 0.3 0.5 0.2 86.1 12.9 
ae T 100 200 ~0.5 0.5 0.2 88.7 -40.1 
150 250 0.7 0.7 0.2 85.30 ASA 
- 200 300 3.5 34.5 6.9 448 10.3 
250 350 42.3 3.1 0.1 34.5 20.0 
a ae 300 400 ~45 0.0 0.0 ~35 ~20 
.. Brown coal. 50 150 1.4 0.4 2.3 90.9 5.0 
: mee | 100 200 6.1 0.7 1.6 84.2 7.4 
ee 150 250 16.1 0.2 1.2 78.1 4.4 - 
ete sae -200 300 21.4 0.2 0.8 66.1 11.5 
a, | 250 350 ~40 0.0 0.0: ~ 30 = ~10 
g 300 400 ~35 0.0 0.0 ~ 55 ~10 


` gases and residual solids (atomic H/C~0.3) remained in both 
‘samples. Chromatograms of the hexane-soluble products 
_ obtained after four years are shown in Fig. 1. The compositions 
of the gases generated from the two source rocks after 200 
weeks were as follows (all % by volume): Torbanite—CH, 32.1, 
— CaHe 16.7, C,H, 13.0, n-C,Hyo 4.8, n-CsH;2 0.1, Cyt 0 ie 
<- CO, 31.0. Brown coal--CH, 4.7, C,H, 3.9, C3Hg 4.2, n- 
CHo 0.7, n-CsHy2 0.1, Cet 0.2, CO, 86.2. Unlike rapid 
-pyrolysis at higher temperatures’ '*, olefins were completely 
-absent from gaseous and oily products. Pyrolysis in the presence 
of water may result in decreased olefin formation but, sig- 
- nificantly, the present experiments were carried out on virtually 
dry samples. Similarly carbon monoxide, a common product 
from coal and kerogen pyrolysis''"*'*, was not detected. The 
absence of olefins and carbon monoxide has been noted in 
petroleum and natural gas from many parts of the world. 
- The torbanite kerogen produced ~40% n-alkanes with a 
typical paraffinic oil distribution from Cio to Cao (Fig. 1). 
Branched and cyclic compounds were minor components, pris- 
tane and phytane were not detected and there was virtually no 
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_ Fig. 1 Gas chromatograms of total hexane-soluble oil (before 
- evaporation) formed after four years under nitrogen (initial tem- 
perature 100°C, final temperature 300 °C, heating rate 1 °C per 

eek). Oil from torbanite represents ~40% of original, dry, 
mineral-free kerogen (shown in a), and from brown coal <1% of 
original, dry, mineral-free kerogen (5). | ration was 




















odd or even carbon preference. The major product from brown 
coal kerogen was carbon dioxide with only a minor amount of 
C,,+ oil. Significantly, this level of CO, was only slightly higher 
than that found in a bomb removed after three years (maximum 
temperature 250°C). The torbanite 300°C gas is similar to 


some natural gases but, at first sight, the gaseous hydrocarboo~q ai 


distribution from the brown coal is somewhat unexpected. 
However, by further heating, the unusually high relative content 
of CHa is removed and a hydrocarbon distribution consistent 
with many wet natural gases is obtained, for example the compo- 
sition of the brown coal 350°C gas is CH, 22.2, CoH, 5.7, 
C3Hg 1.2, CaHio 0.7, CO; 70.2 (all % by volume). Of the two 
source materials, at 300°C the brown coal had generated a 
greater proportion of branched and cyclic alkanes, including 
pristane and phytane (Pr/Ph~6), compared with normal 
alkanes. 

Overall, the four-year results provide experimental proof of 
torbanite acting as an oil source and of brown coal being a 
source first of CO, and then of mainly gas/condensate. It should 
be remembered that the experiments relate to. a situation which 
is possibly unusual in a geological context—one in which hydro- 
carbons do not migrate away from their source rocks as they 
are generated. 

Other analyses, including a detailed petrographic study, aren. 
being carried out. A particularly important maturity paramete*y 
vitrinite reflectance (Ro), is readily measured on the brown coal 
products and shows a smooth, but accelerating, increase with 
time: original 0.28%, 50 weeks 0.31%, 100 weeks 0.47%, 150 
weeks 0.59%, 200 weeks 1.00%, 250 weeks 1.85%, 300 weeks 
273%. However, the present experiments cannot be used to 
accurately define the oil generation window’. 

Geological maturation events commonly involve 10*~-10° 
years or more at near maximum temperatures'°; most labora- 
tory pyrolysis studies are carried out on a time scale of 107° 
years. Many experiments using rapid or flash heating are of 
course designed to obtain structural information on geological 
materials and simulation of natural maturation is not an objec- 
tive. The present experiments (10°-10' years) narrow the 
‘kinetic gap’ and we believe are the best attempt so far to 
duplicate natural, subsiding, sedimentary conditions. Extensi 
conversion of kerogen to hydrocarbons has been achieved at 
less than 300 °C under noncatalytic conditions with a minimum i 


of water present. A temperature of 250-300 °C is probably stil 


much higher than is appropriate for substantial generation in - < 


many basins. However, it is considerably lower than the tem- 
peratures (~450 °C) required for significant C—C bond rupture 
ona time scale of minutes. The products of these slow ‘molecule- 
by-molecule’, solid-state decompositions are all typical of 
natural gases and petroleum, with no olefins or carbon monoxide 
being formed. 


We thank T. D, Gilbert for assistance with GC-MS analyses 
oy and A. J, Benn flectance } = 


eflectance measurements. | 
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Three Hipparion trails, two from adults and one from a juvenile 
dating from about 3.5 Myr ago, have now been found in Laetoli. 
Comparison of the Hipparion footprints with a variety of 
imprints made by domestic horses showed that the animals 
moved with a running walk over the soft and slippery soil ‘of 
Laetoli: in the alternative hind~fore-hind-fore footfall sequence 
one foot is always close to the ground and can take over the 
body weight if the supporting foot slides. The smaller juvenile 
was taking relatively longer strides than the adult. Body support 
was provided mainly by the third main toe. The evidence 
indicates that volcanic ash was falling at the time the footprints 
were made, suggesting that the animals were passing through 
the area at about the same time. The criss-cross pattern in the 
trails of the juvenile and adult Hipparion can be seen in the 

_“lavelling behaviour of mares and foals of living horses. 

-t¢-vidence that the Hipparion were moving with a running walk 
supports the view that this gait is not ‘man-taught’ for rider- 
comfort, but a natural ability in modern horses. 





Apart from dinosaur trails', analyses of fossil footprint trails 


have hitherto been very limited except for Webb? who ascer- 
tained the gaits of fossil mammals by comparison with those of 
living animals. In 1979 trails of a number of fossil mammals, 
including hominids, were discovered by Dr Mary Leakey and 
her team at Laetoli, Tanzania’. The imprints were made about 
3.5 Myr ago in soft lava, which was subsequently covered with 
volcanic ash (locality: Tuff 7, Site G). It is reasonable to suppose 
that the trails were all made at approximately the same time, 
and their excellent preservation offers a unique opportunity to 
study the locomotion of fossil mammals. Three trails (Fig. 1a—c) 
originated from a tridactyl equid. They run parallel to the 
minid imprints, but travel in an opposite (north-south) direc- 
on (see Fig. 1). , 
The fossil bones found at Laetoli indicate that the equid 
concerned is a species of Hipparion. It was a rather sturdy animal 
about 1.00 m in body length*. The difference in size between 
the hoofs (that is, mean length of 6.5m in trails a and b and 
3.5 em in trail c) can be explained by an age difference between 
the animals involved with trail a and b originating from adult 


+ 


animals and c from a juvenile individual (see Fig. 1). Analysis 






_ Of the fossil trails indicated that during locomotion Hipparion — 
: | e also 





-Was supported mainly by the middle (III) toe. There is 
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Tanzania, 1979, Trails a and b, adults; trail c juvenile. Trail ac 



































Fig. 1 Overview of three Hipparion trails found at Laetoli, 


has a length of 251 cm and a maximum width of approximately - 
25 cm, the eight footprints are between 26 and 42 cm apart. Trail 
b is situated 25 m south of trail a. It is 497 cm long and has.a 
maximum width of 30 cm: the footprints are between 30 and 35 cm 
apart. It is comprised of 13 imprints, of which the first 7 and the — - 
last 3 have clearly chiselled vertical rims, and the remaining 3 are — 
somewhat larger and show slightly raised walls. Trail b curves east © 
and is crossed by trail c between its 7th and 10th footprint. Trail 
© commences 130 cm and 35° south of trail b; the first six footprints 
are located east of trail b with the subsequent footprints Situated > 
west of b, turning east and running parallel to trail b. AH 12 
footprints in trail ¢ have incompletely preserved vertical walls and 
a gentle inward slope. The trail is 251 cm long and 30cm in. 
maximum width. The distance between footprints is 17cm and 
31 cm. The above measurements were initially taken in situ by | 
Paul Sondaar, who also made the latex casts of trails a and 
cast of b also contains footprints 6, 7, 8 and 9 of trail c wher 


Te used for an analysis of the probabi 
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DOMESTIC BREEDS 
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Fig. 2. Footprint patterns of domestic breeds compared with the Hipparion trails. The footfall sequence of the running walk is given by 
numbers 1, 2,3 and 4. The right hind, RH; right front, RF; left hind, LH and left front; LF leg. The hind foot oversteps the fore foot by 
25% of the stride length. | 


< One may compare locomotion. of Hipparion with that of recent is either within the triangle of support of the three feet in contact 
equids, since, with the exception. of the side toes, the general with the ground or on the diagonal of the two supporting feet. 
conformation and geometrical dimensions of the limbs and body In the running walk the speed is faster (up to 25 kmh‘) and 
of monodactyl and tridactyl equids are similar. This may be only one or two feet are on the ground at any one time. The 
exemplified by an analysis of the ratios of hind-leg length and running walk differs from other fast gaits (trot, pace and gallop) 
body length (0.83) and fore-leg length and body length (0.68) in that there is no period of suspension in which all four feet 
of mounted fossil and recent equid skeletons*?°. are off the ground at the same moment. It is the lack of a ‘flight 
In Hipparion and in recent horse the main hind hoof is phase’ and the consequent vertical movements of the centre of 
narrower than the fore hoof. Thus it is possible to differentiate gravity that makes the running walk a very comfortable gait for 
between fore and hind imprints, to measure stride length and the rider. For this reason it is generally assumed that it has been.. 
to decipher footfall sequences in fossil trails. Moreover, it is taught by man in those breeds in which it occurs’*. i 
possible to determine both the type of gait of the animal (footfall Although the footfall sequence of the running walk is similar” 
- sequence pattern) and from the trails of similarly sized recent to that of the walk, it differs from it by the distance between 
: equids the approximate speed at which the Hipparion was mov- hind and fore footprints and the duration of the periods of leg 
ing. In living horses the choice of gait depends primarily on the support. This is due to the greater extension of the legs in the 
speed of movement?! with the walk being chosen at slow speed, running walk and the phase difference. In fast gaits the hind 
the trot at moderate speeds and the gallop at high speeds. foot oversteps the fore foot to a variable extent, which can be 
tain breeds of horses may select alternative gaits expressed as a ‘percentage of stride length’. Hence the running 
| where lateral pairs of legs walk can be distinguished from the slow walk in a footprint trail 
be substituted for the trot (where (Fig. 2). The comparison of the fossil footprints of Hipparion 
and the ‘running walk’ (also with those of domestic recent horses revealed that Hipparion 
known as the “rack , | It’, depending on the breed was moving in running walk (Figs 2, 3). The adult animal of 
$ ‘eoncerned) may be substituted for the trot or pace. The running trail a appeared to have travelled relatively fast (Icelandic horses 
walk is the only gait the elephant can select for faster speed’*. producing an equivalent pattern of footprints travelled with a 
The ability of particular horse breeds to select these alternative mean speed of 15 km h™'); its hind foot overstepped the fore 
gaits has an anatomical basis (L. M. Slade, R. E. Montgomery foot by 31% of the stride length. The adult of trail b appeared: 
= & D. D. Rains, personal communication), the genetics of which to have moved at a more moderate speed, estimated to average’ 
are not fully understood’ ’. 10 kmh7); its hind foot overstepped the fore foot by 27% of ` 


The Hipparion footprints were compared with imprints made the stride length. The young Hipparion of trail € reached with 
and it was found that the gait of its hind foot 32% over its fore foot. It thus had a greater leg 
extension than the adult Hipparion of trail.b, which together 
with the greater frequency of ‘Jeg movement than the larger 
animal indicates that it was probably moving at the same speed | 
as the adult. The spatial relationship between trails b and c is 
very similar to the criss-cross pattern of t ils produced in living _ 
horses by a mare and its foal. te ee ee 
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Fig. 3 The running walk: the four-beat alternation of diagonal 
and lateral leg support, in the sequence right front (RF), LH, LF 
and RH. The footprint pattern in the centre of the figure is trail 
b made by an adult Hipparion: its footfall sequence corresponds 
to that of a domestic horse travelling in running walk. The third 
horse from the left of the figure is in that stage of motion, corre- 
sponding to Hipparion, when it was sliding and being supported by 
the side toes of its right hind leg. | 





_ # the footfall sequence the animal was sliding on its left fore foot, 
which left a broad and vague imprint (Fig. 3, third horse). The 
animal seems to have lost balance and compensated for this by 
the use of the opposite (diagonal) leg, (that is, the right hind 
leg) and shifting of the centre of gravity. This leg thus bore 
extra weight and was bent deeper through the fetlock of its 
main toe so that the side toes came in contact with the ground. 
The side toes, which were tightly attached to the main toe by 
ligamentous connections'*, prevented overextension of the fet- 
lock of the main toe. In Hipparion the ‘springing mechanism’ 
(that is, the assemblage of tendons in the foot in which elastic 
energy can be stored’) was apparently not as fully developed 
as in the main toe of modern horses!® 
The fossil horse, however, had side toes, the elastic tendons 
of which could have actively contributed to the forward impulse. 
Hence, although the Laetoli soil was slippery due to the falling 
ash rain, Hipparion managed to balance itself and appears to 
have been able to pursue its route at constant speed. The 
Mwiportance of this analysis for understanding the evolution of 
“equine gaits is twofold. The opinion that the running walk is an 
‘artificial and man-taught’ gait is not supported by the results 
of this study. Young foals of several domestic breeds perform 
this gait in semi-wild conditions (E:R., unpublished observa- 
tions), suggesting the ability to select this gait is-a natural one 
in living equids. — : re Ges | 
Living horses are capable of selecting both lateral and diagonal 
gaits during locomotion, whereas most living mammals select 
only one or the other!’. The more familiar diagonal gaits are 
the trot (a two-beat gait) and the transverse gallop (a three-four 
beat gait), but equids are also capable of selecting the lateral 
equivalent of these gaits, the pace and the rotary gallop (such 
gaits are typical of long-legged ungulates such as camels, giraffes 
and certain antelopes). The walk and the running walk contain 
=a mixture of lateral and diagonal legs moving alternately, in a 
-four-beat rhythm. 
= The results of the present study indicate that a diversity of 
gaits existed among the fossil forerunners of modern horses. It 
is uncertain why some horse breeds are able to use the full range 
of gaits. * git 
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-into their maternal groups. Consequently, female groups 
Some close relatives, Exceptions are due to the recruit 
„On: average, one unrelated female per group ever 
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Behavioural reciprocity can be evolutionarily stable’. Initial 
increase in frequency depends, however, on reciprocal altruists 
interacting predominantly with other reciprocal altruists either Oe 
by associating within kin groups or by having sufficient memory _ ay 
to recognize and not aid nonreciprocators. Theory thus suggests 
that reciprocity should evolve more easily among animals which _ Oe 
live in kin groups. Data are available separating reciprocity from oe 
nepotism only for unrelated nonhuman animals‘. Here, I show 
that food sharing by regurgitation of blood among wild vampire 
bats (Desmodüs rotundus) depends equally and independently 
on degree of relatedness and an index of opportunity for recipro- = 
cation. That reciprocity operates within groups containing both = 
kin and nonkin is supported further with data on the availability — cue 
of blood-sharing occasions, estimates of the economics of shar- 
ing blood, and experiments which show that unrelated bats will 
reciprocally exchange blood in captivity. re S 
The primary social unit of the vampire bat is the female group. 

During a 26-month (September 1978-February 1983) study in 
northwestern Costa Rica, 184 of the estimated 200 D, rotundus 
encountered inside 14 hollow tree day roosts at one site were ~ 
netted and uniquely marked with wing bands. Infants were 
matched to mothers by direct observation of nursing or partur- _ 
ition. Weekly roost censuses revealed that adult females can be 
assigned to one of three groups, each consisting of 8-12 adults E 
and their dependent offspring, according to which trees they. 
visit. Members of each group moved between 2-5 day roosts: 
subsets of 2-4 females and young often roosted in differen 
trees. Each of 17 males which attained 1 year of age left th 
‘natal groups while all 11 yearling female offspring were recrui 
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| 10 co 
t- Data used in the logit analysis. The a4 | l 
cipient in each of 21 regurgitations in which k 8 | 
mothers did not feed their nursing young was | a ae | | b 
` matched to all potential donors in the roost to 70 O] 
~ obtain the frequencies of association and 60 è 
-relatedness for potential donor-recipient ~ a 
-pairs graphed in histograms a and c, respec- 
tively. The indices computed between blood- af : _ 
sharing pairs, tallied in panels b and d, indi- 30 3 
cate that regurgitations occur predominantly ji 2 


> among frequent roostmates and close rela- 
«tives. The significance of these patterns was 
determined with a stepwise logistic regression 
_in which relatedness entered first (xi = 25.6, 
P<0.001) and the association entered second 
(x? = 9.0, P< 0.003). Neither the interaction 
of relatedness and association nor a sampling 
effect. variable, regurgitation number, had 
sufficiently low probabilities (P < 0.1) to enter 
nto the regression”®, Contingency table 
analyses showed that the frequency of 
“regurgitation was independent of the age of 
either sex as well as the reproductive condi- 
‘tion of females for both donors and recipients, 
however, females received blood more often 
than males (y27=5.58, P<0.025) even 
though donor sex was also independent of , 
regurgitation frequency. b os 4 15 2 235 3 BA S 0 os 1 45.2 2.35.3 358 4 45.3 L 
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matrilineal pedigrees; observations and electrophoretic ex- ness and association significantly predict regurgitation indepen- 
clusion analyses indicated that paternity and inbreeding made dent of their correlation. The relative effects of the variables, 
negligible contributions to relatedness (manuscript in prepar- as measured by the standardized regression coefficients’ (~ 1.25, 
ation), In the one group where pedigrees were extensive, the s.e. = 0.48, for association and ~0.96, s.e. = (),33, for related- 
average coefficient of relatedness among adult females in 1981 ness), are approximately equal. These results indicate. that 
was 0.11 (s.d. =0.17, n= 11); estimates for relatedness (to be regurgitations between distant relatives only occur between 
-reported elsewhere) based both on electrophoretic data from animals that have been frequent roostmates, as expected where 
-> other groups and simulations gave similar, but usually even reciprocity occurs. For reciprocity to persist among D. rotundus, 


lower, values. however, three conditions! need to be fulfilled: (1) enough 
During 400 daylight hours of focal animal sampling? within repeated pairwise interactions must occur to permit role 
roosts, 110 cases of regurgitation (mean duration = 63.0 s, s.d. = exchanges and ensure that a net benefit accrues to all donors, 


57,6 s) were observed. Seventy-seven of these feedings occurred (2) the benefit of receiving aid must exceed, on average, the 
< between a mother and her nursing offspring. In 21 of the other cost of donating; and (3) donors must be able to recognize and 

33 donations, the degree of relatedness and a measure of associ- not feed previous recipients that fail to reciprocate. 

ation’, an index of opportunity for reciprocity, were known Several aspects of female D. rotundus natural history act, 

between the recipient and every other bat in the tree. (The together to create repeated opportunities for exchanging blood 

association index is 2N,/(Ni+N2) where N, represents the Bats that fail to obtain a blood meal are usually fed by roost-. | 
-< number of times both bats were observed together until the day mates. Five of 8 bats captured before feeding and released into 
of regurgitation and N, is the total number of times bat iwas their roosts at dawn were subsequently given blood by a group 
~~. observed.) By logit analysis“ of these data (Fig. 1) both related- member, whereas six bats captured at the same time but after — 














Table 1 Blood sharing among captive Desmodus rotundus 
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E Potential Reciprocal Probability of exchange? 
<o. Starved bat _ Donor bat(s) reciprocators* feeding? Cage Population 
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feeding received no blood when released (P= 0.003, binomial 
probability). Thus, reciprocal blood sharing can occur only if 
failure to obtain a blood meal is not synchronized in the popula- 
. tion. The following shows that only age influences feeding suc- 
ess. At the main study site, La Pacifica, 23 of 121 bats, captured 
on 22 nights returning to roosts too late for additional foraging, 
weighed less than pre-fed weights determined on previous cap- 
tures and were assumed therefore not to have fed. Using the 
same criteria at another study site, Santa Rosa, I found that 86 
of 477 bats also failed to feed on 31 nights. Contingency table 
analyses using three-way G tests showed no effect of sex, popula- 
tion, reproductive condition or Moon phase on feeding success. 
But when population and sex categories are pooled, 33% of 
258 bats less than 2 yr of age failed to feed while only 7% of 
the 340 older bats did not obtain blood meals (G = 45.3, P< 
0.005). These data are not biased by a few repeatedly unsuccess- 
ful foragers; at both sites the frequency of unsuccessful feeding 
trips for individuals captured two, three or more times did not 
differ significantly from expected frequencies after controlling 
for age effects. When considered with the longevity of females 
and stable composition of groups, these data indicate that 
humerous opportunities both to share and to receive blood exist. 
Females as young as 8 months of age were observed to donate 
blood (personal observation) and can live for 18 yr’°, Annual 
mortality is sufficiently low among adults (24%) for females to 
papend long periods together. For example, seven of the nine 
/ adult females present in one group in 1980 were still roosting 
together in 1982; in another group one pair of females marked 
by T. Fleming (personal communication) in 1970 roosted in the 
same area in 1981. 

Vampire bats fulfill the second condition for reciprocity since 
their weight decays exponentially following a meal (Fig. 2a and 
ref. 11). To predict the time remaining to a fasting bat before 
death, weight loss attributable to post-feeding diuresis!* can be 
subtracted from overall weight loss to produce a curve (Fig. 2b) 
which is due to metabolic and evaporative water losses. The 
concave downwards shape of this curve enables a donor to 
transfer weight by regurgitation and lose less time before reach- 
ing starvation than a recipient gains (Fig. 2b). The amount of 
blood transferred need not translate linearly into units of sur- 

 Vivorship; it is sufficient that a blood donation increase the time 
until starvation sufficiently for a bat in need to forage at least 
once more. Observed blood transfers support this proposition. 

-Lestimated from a calibrated weights loss curve that one captive 

| i for 400 s gained about 12h, assuming 

e t drinking rates'*, For comparison in 
the wild, one donation lasted 390 s. 

The third condition for reciprocity requires that nonre- 
ciprocating bats can be identified and refused aid. I conducted 
experiments on captive animals which confirmed part of this 
requirement; unrelated but closely associated bats are capable 
of sufficient recognition to reciprocally exchange blood. The 
study group was created by housing four La Pacifica adult 
females from one roost tree with three adult females, one infant 
and one adult male from a cave 50 km away at Santa Rosa, in 
a cage 60 X 30x 30cm. No two bats shared a common ancestor 
for at least three generations except a grandmother-grand- 
offspring pair from La Pacifica. Association of females within 
populations was high but that between the male and females 
«, Was low. To create a need for regurgitation, one bat was removed 
ach evening before feeding and the remaining bats were given 
“access to blood for 2h. Two to twelve hours later the hungry 
bat was reintroduced and all ensuing interactions between 

individuals during the next 2 h were observed through an image 

intensifier with IR illumination and recorded. Each evening a 

different bat was chosen at random without replacement until 

every adult had been starved. All bats were Starved at least 
twice during the experiment and both body and blood meal 
weights were recorded daily. Prior to the experiment weight 













loss curves such as shown in Fig. 2 were obtained for each adult 


bat. and fitted with. 
oe val tim 






negative exponential functions to predict 
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_ between bats from the same ‘population (Table 1) 
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Fig. Z Post-feeding (>2 h) weight losses of one adult male andio 
five adult female captive D. rotundus expressed as per cent of = ee 
weight when captured at 1900h (a). This weight was used as a 
referent because of its convenience and constancy; mean coefficient < 
of variation for adult males captured three or more times was 
2.85% (s.d.=1.17, 2=11). To control for differences in meal 
sizes, the times elapsed since feeding that corresponded to each ae 
bat’s 100% pre-fed weight (other values produced similar curves 0. | 
were matched and a negative exponential function’! (Wa 
130.251°°176, 7?= 93.0, n=82, P< 0.001) was fitted by least- = 
Squares estimation, The weights of four bats that starved acciden- 
tally in a prior experiment were not entered in the regression but ‘ 
are included, with error bars to indicate uncertainty as tothe exact 
time of death, in a to show the predictive ability of the function 
in the extrapolated region and that death does occur near 75% of 
pre-fed weight. Weight loss attributable to diuresis’? 15h post- 
feeding was subtracted from the fitted curve in a to obtain th 
predictive curve in b Because fluid is absorbed in the sto 
approximately at the rate that urine is excreted'*, blood m 
consistency changes little 2 h after feeding. Therefore, a donation 
of 5% of pre-fed weight when at weight D should cause a donor. 
to lose C h but provide B h to a recipient at weight R. The recipient 
benefit always exceeds the donor’s cost when E>F, o 


















Blood was donated preferentially to individuals in dire need. 
from the same population. For each of the 13 observed regurgi 
tations the recipient would have reached minimum viable weigh 
in less than 24 h (mean 13.2 h,s.d.=4.7 h), if it had not received - 
blood. On the other hand, donors could have expected to survive 
at least 24 h (mean = 39.9 h, s.d.=15.5h). Consequently, trials 
in which the starved bat had received no blood and had more — 
than 24 h left before starvation were excluded from the following | 
analyses. Twelve of the 13 (P=0.002, binomial probability) 


regurgitations (mean duration =25 s, s.d.= 25s) occurred . 





ther or not these feedings occurred indenenden 
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blood sharing, each trial in which a donor fed a starved bat was 
‘compared with the subsequent trial in which the donor was 
starved. Starved bats which received blood later reciprocated 
the donation significantly more often than expected had 
exchanges occurred randomly (Table 1). These results do not 
depend on donors having more blood to share than nondonors. 
The rank of the donor with regard to its expected number of 
hours left before starvation was not significantly different from 
the median rank of bats within the cage or population (P > 0.15, 
. Kolmogorov-Smirnov test). As expected, the only bat with low 
- association, YBR male, was not fed even when in need. These 
` results are very difficult to reconcile with any interpretation of 
food sharing based solely on kin selection. 

Two recent reviews'*!* overemphasize suspected instances 
of reciprocity which occur among unrelated animals, The results 
described here indicate that reciprocity can occur within groups 
that contain relatives. Further study of other food-sharing mam- 
mals!®}? as well as other altruistically behaving animals which 
live in kin groups may reveal that reciprocity is more important 
in maintaining altruism than has previously been acknowledged. 

This project was funded by NSF grant DEB-8001165 to J. 
Bradbury and NIH training grant GM-0724008 to the Depart- 
ment of Biology, UCSD. I thank D. Bolger, M. Jones, T. Lamp 
and R. Weiss for field assistance and J. Bradbury, R. Gibson 
and M. Taper for suggestions and comments. i 
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however, I describe a bipolar cell found in Golgi preparations 
of the rhesus monkey retina which displays an apparently selec- 
tive and patterned distribution of its dendritic contacts with 
cone pedicles in the outer plexiform layer. The intercone spacing 
of dendritic contacts and their distribution match the intercone: 
spacing and proportion of cones thought to be blue- 
sensitive!*?”, 

Thirty-six retinas of 19 adult, male and female, rhesus mon- 
keys (Macaca mulatta) were Golgi impregnated as described 
elsewhere!®, Most neurones were observed in whole mounts in 
which there was no linear shrinkage. Selected cells were radially 
sectioned, and the preparations were studied by light micro- 
scopy. A bipolar cell type which appeared similar to invaginating 
midget bipolar cells. was found. It possessed a small dendritic 
cluster, smaller than the diameter of a cone pedicle, and an 
axon that terminated low in the inner plexiform layer (IPL) 
(Fig. 1a). However, it displayed many distinct features. Several 
primary dendrites arose from the apical surface of the cell body 
and coursed horizontally through the outer plexiform layer 
(OPL) (Figs la, 2). Some of these converged at a distance from 
the axis of the cell body and axon, and at the level of cone 
pedicles formed a ‘small cluster of coarse dendritic terminals 
(Figs 1a, 2) identical in span to that formed by the invaginating 
midget bipolar cells (3.5 pm in the most central regions and up 
to 7 um in peripheral retina). At5 mm eccentricity these clusters 

os 





were composed of nine dendritic terminals (n=10+4141sd5 7” 





The individual terminal dendrites, although too small to be 
measured accurately with a conventional ocular reticle 
(<0.5 pm), appeared to be larger than those of the invaginating 
midgets. Some other dendrites of this new cell type ended wholly 
within the inner stratum of the OPL and did not contact any 
photoreceptor terminal (Figs la,2). In the IPL, the axon 
descended to the innermost stratum adjacent to the ganglion 
cell layer, where it terminated as an elongate structure, with 
few branches, and with a total span ranging from central to 
peripheral retina of about 20-50 pm (Fig. 1a). Although this 
terminal arborization was broad in span, it was narrowly 
stratified in the innermost stratum of the IPL, and while ending 
in close proximity to the ganglion cell bodies, these axon ter- 
minals did not appear to touch or insert themselves between 
these cell bodies as did the axon terminals of rod bipolars’. 
Invaginating midget bipolar cells, however, had a single main 
dendrite which terminated in a ‘bouquet’ (Figs 1b, 2). At the 
same eccentricity (5 mm) where the newly identified bipolar 
cells had an average of nine dendritic terminals the ‘bouquet. 
of invaginating midget bipolar cells had 19.8 dendritic terminais 
(n=10+3.315.d.). Additionally the axon terminal of the 
invaginating midget bipolar cell, which ended in the inner half 
of the IPL, was broadly stratified but did not reach the innermost 
stratum and was narrow in span in the plane of the retina (Figs 
1b, 2). E 

Serial resectioning of three of the newly identifed Golgi- 
impregnated bipolar cells for electron microscopy demonstrated 
that those dendritic terminals which reached the level of the 
cone pedicles, invaginated these structures, and terminated as 
central elements at cone triads (Fig. ic). Enough sections were 
recovered from two cells to find that the dendritic terminals 
occupied the central elements of 8 of 11 and 11 of 15 ribbon 
synapses respectively. Several of the ‘blind’ dendrites, those 
which did not reach the level of cone pedicles in the OPL, were: 
followed to their termination in serial sections. There was È 
evidence that these processes continued, unimpregnated, to the ` 
photoreceptors. | | . ! 

These newly identified bipolar cells sometimes contacted two 
cones (Fig. 2), as did double-midget bipolar cells, but the two 
cones contacted by these new bipolar cells were always separated 
widely by approximately three intercone distances and were 
never seen to contact two adjacent cones as double-midgets did 
(Fig. 2). The smaller dendritic cluster of the pair which contacted — 
two cones was often seen to overlap with the large cluster of — 


one which contacted only one cone 


















ers. 
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Fig. 1 a, Radial section of 
_a Golgi-impregnated, blue- 
cone bipolar cell. Several 
dendrites emerge from the 
cell body, course through 
the OPL and converge at 
their termination. One den- 
drite (arrow) ended freely in 
the OPL. x610. b, Golgi- 
impregnated invaginating 
midget bipolar cell found 
directly below the cell in a 
in the adjacent section. 
x610. Note particularly 
the differences in dendritic 
and axonal arborizations 
between a and b. c, Electron 
micrograph of a tangential 
section of the dendritic 
terminations of a blue-cone 
bipolar cell as central ele- 
ments opposite several 
synaptic ribbons, SR, of a 
cone pedicle. x12,600. 





Table 1 Intercone spacing of blue-cone bipolar cell dendritic clusters 





Spacing of 
blue-cone 
Distance from Intercone bipolar cell 
centre of distance of dendritic 
fovea all cones clusters iCD? 
Deg of {ICD) (BCD) z IN % 
mm arc* Rmn) +s.d. amin) +s.d. BCD 
10 40) 17,1(79) + 3.88 67,3(3) 41.53 6.4 
7 28 14(30) + 1.86 533) + 6.24 7 
5 20 14.4(26) + 1.96 48.2(5)+ 10.8 8.9 
3 12 10.65{55) +1.83 34.6(3) + 2.51 9.5 
1.5 6 7,65(52) + 1.08 24(4)+ 4.08 10.2 
0.75 3 5.46(46) + 1.0 27(2) 44.24 4.1 


Intercone spacing and ratio of cone population contacted by blue-cone bipolar 
cells to the total cone population. Compare with data on Staining of the likely 
blue-sensitive cones!6-17, 

* Conversion of linear distance to visual angle according to Rolls and Cowey”* 
where 1 mm = 4°, 


with those of midget bipolar cells, This Suggests that they contact 
a uniform photoreceptor population different from that con- 
‘acted by the midget bipolars. The several morphological distinc- 
‘tions between invaginating midgets and the newly identified 
bipolars include a notable difference in the spacing of the inter- 
cone contacts. Those that contact two cones represent one-third 
of the population of cells observed, and only a few cells had 
three dendritic clusters. The probable blue-sensitive cones in 
the macaque retina represented numerically the smallest popula- 
tion’®'’, that is, generally less than 15%, and this suggested 
that these newly identified bipolars contacted the blue cones. 
Evidence was obtained from the intercone spacing (Table 1). 
The measurements from 10, 7, 5, 3 and 1.5 mm of eccentricity 
all agreed well with both the intercone Spacing and percentage 
of the presumed blue-sensitive receptors in baboon!® and with 
Procion yellow-stained cones in macaques’’. The measurement 
and derived numbers from the fovea (0.75 mm eccentricity) 
agreed with the above-cited studies for the following reason. 
_ photoreceptors in the primate fovea have long, obliquely orien- 
_{ ted axons of up to 600 um or more’ which displace their synaptic 
terminal in a peripheral direction from the inner and outer 
segments of the cone from which they originate. Thus these 
bipolar cells were contacting cones more centrally located than 
their synaptic pedicles most probably in the most central part 
of the retina where presumed blue-sensitive cones are rare or 
absent’®17, Thus, from the intercone spacing of the dendritic 









contacts the photoreceptors were likely to be the blue-sensitive 


cones and the bipolar cells were probably selective for the 
blue-sensitive cones and could be termed blue-cone bipolar 


cells. Although, since any two cones of the same $ 
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Fig. 2 Camera lucida drawing of the cell bodies and dendrites of 
several blue-cone bipolar cells (BCB) and two invaginating midget 
bipolar cells (IMB) in a whole, flat, Golgi-impregnated rhesus 
monkey retina 5 mm from the centre of the fovea. O, Clusters of 


dendritic terminals that contacted cones, 


dotted lines extend 


-between clusters of Single cells which contacted more than one _ 
cone. Arrowheads point to ‘blind’ dendrites of BCB which termi- 


nated in the OPL below the cone pedicles. 


The axon 


arborizations are outlined. Scale bar, 25 um. 


ity could be found the same distance 


apart as the dendritic 


contacts of the blue-cone bipolars, it is possible that these cells 


are not selective 


for blue-sensitive cones, this seems most 


unlikely, as the red- and/or green-sensitive cones can be found 
next to one another’® and, therefore, some of the blue-cone 


bipolar cells contacting two (or more) cones would have den- e 
dritic clusters spaced by one intercone distance. Of all the bipolar — 
I have found in the 36 retinas, none had — 


cells of this type, 
clusters spaced by 
The finding that 


one intercone distance. 
the blue-cone bipolar cells have fewer den- 


dritic terminals than invaginating midget bipolar cells and that 


the cones they connected 


with have fewer triads than those 


which connected with invaginating midgets Suggests that the 
blue-sensitive cone synaptic pedicles could be identified by con- 


ventional electron 


microscopy since they have fewer synaptic 


ribbons. The unstained central elements in the blue-sensitive 
cone pedicles found here could be occupied by one of the small 
overlapping dendritic clusters of the blue-cone bipolars which 
contacts two cones, or, as proposed for unimpregnated central. 
elements at cones connected to invaginating midget bipolar cells 
by the dendrites of the diffuse invaginating cone bipolar cell!°. 

Midget bipolar cells are of two types that end either at ribbon 
Synapses or form wide-cleft basal junctions, but the blue-cone 
bipolar cells were only of the type ending at ribbons; no bipolars 


-cleft basal junctions with cones or had axons © 
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-i Fig.3 a, Light micrograph of a 
ganglion cell with a dendritic 
arborization in the innermost 
stratum of the IPL as viewed in. 
a whole, flat preparation. Spines 
projected from one of the den- 
drites (arrows) to the axonal end- 
ing of a blue-cone bipolar cell 
suggesting a connection between _ 
the blue-cone bipolar cells and 
‘this type of ganglion cell. AX, 
axon. x448. b, Camera lucida — 
drawing of the cell photographed 
in a. Asterisks indicate positions 
where three Golgi-impregnated, 
blue-cone bipolar cell axon ter- 
minals including that of a (large 
asterisk) contacted dendritic 
spines of this ganglion cell. Scale 
bar, 75 pm. 


branching in the outer strata of the IPL were found to have a 
similar dendritic pattern to the blue-cone bipolar cells. As the 
presumed blue-cone bipolar cells were postsynaptic at ribbon 
junctions, and since ribbon and/or narrow-cleft junctions are 
thought to mediate ‘on’ responses in bipolars'*"” and trans- 
mission from bipolars ganglion cells is most probably excita- 
tory’”*', blue-sensitive ganglion cells should be ‘on-centre’. In 
monkey retina nearly all blue-cone ganglion cell responses 
recorded are ‘on-centre’**"3. The presumed blue-cone bipolar 
cells probably mediate the blue, on-centre pathway to retinal 
ganglion cells in the IPL of rhesus retina. As the axons of the 
blue-cone bipolar cells ended below the dendrites of the inner 
midget ganglion cells, and as their span was wider than that of 
a midget ganglion cell’s dendritic arborization, midget ganglion 
cells are not likely to carry blue-cone responses. However, a 
type of retinal ganglion cell, not previously described in Golgi- 
impregnation studies of the primate retina’’® and clearly not a 
midget ganglion cell, arborized in the innermost stratum of the 
IPL and had dendritic spines projecting to axon terminals of 
the blue-cone bipolar cells (Fig. 3); this could form part of the 
blue circuitry of the retina. 

Many unusual electrophysiological and psychophysical” 
` features distinguish the blue-sensitive system from the red- and 
green-sensitive cone pathways, and the identification of a specific 
part of the blue-sensitive retinal circuitry should promote under- 
standing of the neuronal bases for these differences. 
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Environmental light cycles are the dominant synchronizers of 
circadian rhythms in the field, and artificial light cycles and 
pulses are the major tools used in the laboratory to analyse 
properties of circadian systems’. It is therefore surprising that 
few studies have analysed the physical parameters of ligt 
stimuli that affect circadian rhythms. There have previous! 


& 


been no spectral sensitivity measurements for phase shifting the. 


circadian rhythms of mammals and only two preliminary reports 
on the wavelength dependence of this response exist“. Using 
the magnitude of phase shift caused by a single 15-min pulse 
of monochromatic light given 6h after activity onset, we have 
now characterized the spectral sensitivity of the photoreceptors 
responsible for phase shifting the locomotor rhythm of the 
hamster (Mesocricetus auratus). The sensitivity curve for this 
response has a maximum near 500 nm and is similar to the 
absorption spectrum for rhodopsin. Although the spectral sensi- 
tivity is consistent with a rhodopsin-based photopigment, two 
features of the photoreceptive system that mediates entrainment 
are unusual: the threshold of the response is high, especially 
for a predominantly rod retina like that of the hamster, and 
the reciprocal relationship between intensity and duration hold 


for extremely long durations (up to 45 min). These results t 


ie 


suggest that the photoreceptive system mediating entrainment 
is markedly different from that involved in visual image for- 
mation. 

While all other vertebrates have extraretinal photoreceptive 
input to the circadian system”, in mammals the photoreceptors 
for entrainment and phase shifting are located in the eye "A 
* Present address: ‘Department af Neurobiology and Physiology, ‘Northwestern University, 
Evanston, Hlinois 60701, USA {JST}, Department of Physiology and Biophysics, Alabama 
School of Medicine, Birmingham, Alabama 35294, USA (L.B.}. a en eer 
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‘Specialized retinal projection terminating in the suprachiasmatic 
nuclei of the hypothalamus conveys photic information for these 
processes™*, Because the location of photoreceptors and their 

{ output pathways are known in mammals, they are the verte- 
brates of choice for study of the effects on the clock of varying 
the intensity and spectral qualities of light. The responses to 
light cycles and pulses of the circadian system of the golden 
hamster have been extensively studied’®!!. Its locomotor 
thythm is easily recorded and its phase shifting response is 
precise and repeatable. 

The -photoreceptive assay used the magnitude of phase shift 
caused by a single 15-min pulse of monochromatic light. Male 
golden hamsters (Lakeview LVG outbred) were individually 
housed in running-wheel cages for locomotor activity recording. 
After a 7-day acclimation period in a light/dark cycle, animals 
were maintained in constant darkness for 7 days, then exposed 
to a 15-min pulse of monochromatic light and finally returned 
to constant darkness for 14 days (Fig. 1a), Monochromatic light 
pulses were administered at circadian time 18, the phase of the 
rhythm at which maximum phase advances occur (Fig. 1b). The 
uniformity of the response at this phase is shown in Fig. 1c. In 
these conditions, the maximal phase shifts obtained with white 
light averaged 2.4 h for 1-h pulses and 2.5 h for 6-h pulses. 

To characterize the spectral properties of the photoreceptors 

that mediate entrainment, the effect of varying the intensity of 
es. Monochromatic light upon the magnitude of phase shift was 
termined at three different wavelengths. Light pulses at 

“476 nm and 515 nm were more effective in causing phase shifts 

than were pulses at 574 nm (Fig. 2a). At each wavelength the 
amount of phase shift increased with intensity. The response- 
intensity relationship, which was pseudolinear at low intensities 
and appeared to saturate at high intensities, could be described 
by a modification of the rectangular hyperbola or Michaelis 
equation (see Fig. 2a). Although the sensitivity of the response 
varied with wavelength, the response-intensity relationship was 
similar at the three wavelengths (Fig. 2a) and therefore was 
consistent with the principle of univariance!2. 

To determine the spectral sensitivity of the phase-shifting 
response, the quantum intensity required to produce a half- 
maximal response was determined at seven wavelengths, and 
the reciprocals of these values (normalized) were plotted to 
yield the action spectrum (F ig. 2b). The spectral sensitivity curve 
has a maximum near 500 nm; it drops off gradually at shorter 
„wavelengths and more sharply at longer wavelengths. The ham- 

“\Sier retina contains a single, extractable visual pigment with a 

‘a aximum at 502 nm’. There is reasonable agreement between 
the sensitivity curve and the Dartnall nomogram for the visual 
Pigment in hamster retina (Fig. 26). At short wavelengths the 
curves are indistinguishable; however, at long wavelengths the 
spectral sensitivity curve falls off more sharply than expected. 
The disparity at long wavelengths could be due to a screening 
pigment or to the contribution of another visual pigment. 
Because long-duration, intense light pulses were required to 
produce phase shifts, some light adaptation may have occurred 
and could have been responsible for modif. 
at long wavelengths. Granit'* reported that the spectral sensi- 
tivity curves of single units in the rat retina were consistent with 
rhodopsin after dark adaptation, but were narrower after light 
adaptation. | 

Two features of the Photoreceptive system that mediates 











hase shift is very high. At 515 nm the intensity required to 
p maximal] response is about 6 log units above the 
threshold for human vision’. Second, the reciprocal relationship 
_ between intensity and duration in producing an equal response 

holds for extremely long durations. In rods, reciprocity holds 


for durations up to 1-3 s'®, and in cones for durations up to 


100 ms'’. In marked contrast, reciprocity holds for at least 


45 min in the phase-shifting response of the hamster. In experi 
_ ments in which the total number of quanta delivered in a pulse 
__Was held constant and the duration was varied from 4 to 45 min, - 
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the magnitude of the phase shift was constan 
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measured directly with a Gamma 2400 quantum photomete 
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. in photons. cm? s~! sr~! was calculated by integrating thi 












Time of day (hours) 


Coe al s . 
p Fe Pome Ever mat p ugu ae epee Pu. 
soe a TES x : . TT he meee eo R ie 
poe JÀ 
% 


9 6 12 18 24 
Circadian time (hours) 


€ 20 he a 
N = 41 . 
10 eat 
| | | 
0 | 
+ 0 74 2 3 4 i 


Delay Advance 
Phase shift (hours) 


Advance > 
ee . 


Phase shift (hours) _ 
© 


Delay 


Number 


Fig. 1 Effect of short light pulses on the phase of the circadian ` 
locomotor rhythm in hamsters. a, Locomotor activity record illus- = 
trating the phase-shifting effect of a single 15-min monochromatic 

light pulse. Each horizontal line represents the activity record from 

a 24-h day, and successive days are plotted below one another. 

Light schedule: on days 1-7 a 14-h light/10-h dark cycle (LD) - 
with lights off at 0900h and on at 1900h pst; on days 8-15 
complete darkness (DD); on day 15,a 15-min §11-nm monochro-: 

matic light pulse (L) at the time indicated by the asterisk: and.on 

days 15-29 complete darkness. Steady-state phases of the onsets’ _ 

of activity before (days 8-16) and after (days 16-29) the light. 
pulse are indicated by the two lines, The phase shift was determined 

by extrapolating both phase estimates to day 16 and calculating. 

their phase difference. b, Phase response curve: The dependence. = 
of the magnitude and direction of the phase shift on the phase of ono 












defined as circadian time 12 by convention, was used. as a phase 
reference. Each point represents the mean + standard deviation of © 









white fluorescent light pulse (350 lx). Data were obtained by J. S$. 
T., F. C. Davis and M. M. c, Frequency histogram of the magnitude — 
of phase shifts:caused by a 60-min white fluorescent light pulse 
given at circadian time 18. The mean phase shift for the group = 
was 2.352 0.32 h (mean+s.d.). san ne 2 
Methods: Monochromatic light exposure: hamsters were: trans- 

ferred in complete darkness to a cylindrical chamber (10,0cm 
diameter 5.7 cm high). Monochromatic light was projected onto | et 
a 12-cm diameter opal glass disk which formed the roof ofthe > 2 
chamber. Light from a 500-W tungsten lamp (G. E. CZX/DAB) 
was collimated by a series of condenser and projection lenses. A. 
manual shutter was used to control pulse duration. Light wa 
filtered with narrow band interference filters (Balzers an 
Optics, 9-16 nm half-bandwidth) and intensity was adjust 
neutral density filters (Bausch and Lomb). Light intensities 
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results). This result implies that the clock’s photoreceptive sys- 
‘tem is capable of integrating, or counting, photons over 


ae -extremely long durations without becoming nonlinear in its 


response. The high threshold and the linear properties of the 
hamster photoreceptive system suggest that even when clock 
< photoreception is performed by the image-forming eyes, the 

rules that govern it and perhaps even the retinal cells that 
mediate it may be very different from those involved in image 
formation. 

Because the hamster retina is predominantly composed of 
rod photoreceptors and because the spectral sensitivity of the 
phase-shifting response is similar to that of rhodopsin, our results 
are consistent with the hypothesis that rod photoreceptors con- 
tribute to this response. If this is correct, however, a mechanism 

must exist for reducing the sensitivity of the circadian system 
<| to photic input because the threshold we have found for phase 
© shifting is much higher than the threshold for scotopic (rod) 
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Fig. 2 a, Magnitude of phase shift in response to 15-min 
monochromatic light pulses of increasing intensity for three differ- 
ent wavelengths (476, 515, 574nm). The data from the most 
effective wavelength, 515 nm, are fitted by the equation 7/finax = 
i"/(i" + ip"), where r represents magnitude of phase shift (h), with... 
maximum Fmax; i represents intensity (photons em? srt) with 
half-saturating intensity ip; and.” is the slope of the relation. For 
the 515-nm curve (solid line) Fmax = 2-0, ig = 2.1% 10" and n= 0.7. 
The same curve displaced to the right fits the data from 476 nm 
(dotted line with ip = 2.6 10'*) and 574 nm (dashed line. with 
ip = 51015). The data obtained at 476 nm and 574 om. do not 
deviate significantly from the equation fitted to the 515-nm data. 

b, Spectral sensitivity for phase shifting the hamster circadian 
system. Relative quantum sensitivity was determined as described 
by Naka and Rushton’* and Baylor and Hodgkin**. The data were 
normalized to a value of unity at 500 nm, which corresponds to 
2x 10'* photons cm”? sr™’. Eye-fitted curve through closed circles 
denotes estimates (based on 10-40 animals at each wavelength) 
determined from curve fitting as described in a. Open circles 
represent estimates from the mean phase shift of groups of three 

to six animals at a single intensity that produced responses in the 
pseudolinear portion of the intensity-response curve (that is, phase 
shifts at 20-80% of maximum response). Broken curve isa Dartnall 
nomogram for a retinal,-based pigment with a maximum at 

502 nm”. 








vision. In principle, the attenuation of photic input could occur 
at any point between the photoreceptor and the circadian 
pacemaker. Alternatively, the high threshold could be achieved 
at the receptor level by using cones. As reported in other 
rodents!®, cone-like photoreceptors exist in the hamster retina 
in small numbers (N. Buyukmihci and A. H. Bunt, personal 
communications) and the possibility remains that a cone photo- 
receptor with a peak sensitivity near 500 nm could mediate the 
response. 

In rodents, the suprachiasmatic nuclei (SCN) of the 
hypothalamus are necessary for the generation of circadian 
rhythmicity®. These nuclei receive direct retinal input via the 
retinohypothalamic tract®°. Retrograde labelling of ganglion 
cells projecting to the SCN shows that the cell bodies. are 
distributed diffusely over the hamster retina’’, and electrophy- 
siological recordings from SCN neurones reveal.a high. photic 
threshold and large diffuse receptive fields”. The anatomical 7 
and physiological data strongly suggest that a non-visual phot , 
receptive system with novel properties subserves the entrain- 
ment process in mammals. That such non-visual photoreceptive 
systems may be of hitherto unsuspected importance for human 
beings is suggested by the high intensities of light required to 
suppress melatonin synthesis by the human pineal gland”? 
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Voltage-sensitive sodium channels have a key role in the genesis 
of propagated action potentials’, Mutations that affect these 
channels might be used like specific pharmacological agents in 
studies of channel structure and regulation. We have found that 
mutations which cause a reversible, temperature-induced para- 
lysis in the fruit fly Drosophila melanogaster often affect the 
voltage-sensitive sodium channel. Using °H-saxitoxin binding 
to membrane preparations, we have now identified two types 
„of presumptive sodium channel mutants. One mutation, 
seizure‘? (sei), appears to alter saxitoxin-binding sites struc- 
f rally. The second, no-action-potential (nap") (refs 5, 6), 
` reduces the number of saxitoxin-binding sites, but appears not 
to alter the receptor structure. 

Electrophysiological analyses””’ have shown that several tem- 
perature-sensitive paralytic mutants of Drosophila display a 
temperature-induced loss of action potentials, and could there- 
fore be mutants with sodium channel alterations. We have 
examined crude neural membrane preparations from 11 differ- 
ent temperature-sensitive paralytic strains for the ability to bind 
“H-saxitoxin, a ligand which specifically blocks sodium 
channels’. Three of these 11 strains reproducibly showed 
reductions in “H-saxitoxin-binding activity in a preliminary 
screening. Two of these strains have been analysed in detail. 

One of these, the seizure'** mutant, was isolated by C, F. Wu 
and B. Ganetzky. It exhibits reversible paralysis at 39 °C, a 
temperature at which wild-type flies are not paralysed. To 
determine if this mutant showed abnormalities in number or 
affinity of saxitoxin receptors, we examined °H-saxitoxin binding 
a 4 °C and 39°C in membrane extracts prepared from heads 
ol mutant and wild-type strains (Fig. 1). In one experiment at 
39°C, the Ky for saxitoxin binding to seizure’** extracts was 
double that for the wild type (Fig. 1a). This difference in Ka 
was seen in four experiments with three different pairs of 
extracts. The mean K4 for binding (+s.e.m.) in seizure’? 
extracts was 6.52 + 0.52 nM compared with 3.74+0.19 in wild- 
type extracts that were assayed simultaneously. This difference 
is Statistically significant. (Using a t-test for matched pairs, 
t=6.48 and P=0.01.) In the experiment shown in Fig. la, 
there is a slightly lower Bmax in seizure™? extracts than in the 
wild type. However, when four different experiments are 
averaged together, the mean number of binding sites is not 
significantly different for mutant (127 + 14.3 fmol per mg protein) 
versus wild type (135.5+ 7.8 fmol per mg protein) (t = 0.648 and 
_ P=0.56). The difference in Ka is temperature dependent since 

Is not seen at 4 °C (Fig. 1b). This temperature-induced change 
n Ka suggests a structural alteration affecting the saxitoxin 
receptor. This change appears to be specific for the sodium 
channel since the binding of a-bungarotoxin to a putative 
— nicotinic cholinergic receptorë in seizure'*? extracts does not 
show temperature-dependent changes. 7 : 
-~ Structural alterations of proteins can cause changes in their 
PH sensitivity’. As indicated in Fig. 2a, the activity of seizure"? 













extracts at 39°C shows a different pH profile than wild type. 


_ Complete saturation curves were constructed for seizure’? 
__ wild type at pH 6.07, 6.81 and 7.15 and double reciprocal p. 
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Fig. 1 Effect of temperature on 7H-saxitoxin binding to mem- 
brane extracts from wild-type flies and from seizure'™ mutants. 
Drosophila heads were collected and homogenized, and debris was 
removed as described previously'®, Crude membranes were pre- 


pared by centrifugation at 40,000 Emax for 40 min and the resulting me 


upper, buffy pellet was resuspended in assay buffer’ to a con- 
centration equivalent to 200 mg ml”! The resuspension was done 


in a glass tissue grinder using 10 strokes of a Teflon pestle driven © a 


at 1,700 r.p.m. Membrane aliquots (equivalent to 20 mg heads) 
were preincubated for 10 min at either 39 °C (a) or 4°C (b) 
4H-saxitoxin (specific activity 18-27 d.p.m. fmol™') was then added 
and the samples (150 Hl final volume) were incubated for 6 min 
at the same temperature. Nonspecific binding 
the presence of 10 4M tetrodotoxin. At the en 
period, 125 ul of each sample was filtered on 
through pre-wetted Whatman GF/ 

for 2-3 s with 10 ml of ice-cold 
in 8 ml of scintillation cocktaif!® 
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co a Electrophysiological“"* and preliminary biochemica 
< analyses suggest that another temperati ) 
mutation nap‘ also affects voltage-sensitive sodium channels. 
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Fig. 2 Comparison of pH sensitivity of °H-saxitoxin binding in 
wild-type, sei”, and nap’ extracts. Membranes were prepared 
as described in Fig. 1 legend but resuspended at 400 mg heads per 
mi in distilled water rather than assay buffer. Tetrodotoxin and 
ĉH-saxitoxin were also diluted in distilled water just before the 
start of the experiments. The pH of the assay buffer was regulated 
with a 10mM final concentration of the following buffers: pH 
4.0-5.5, citric acid; pH 5.5-7.0, cacodylic acid; pH 7.0-8.0, 
HEPES. Membrane aliquots (50 p4) were mixed with $0 yl of 
threefold concentrated assay buffer of the appropriate pH and 
preincubated with either 25 pl tetrodotoxin (to give a final con- 
centration of 10 pM) or distilled water. 25 pl 3H-saxitoxin was 
added then, and samples were incubated as described below and 
filtered as described in Fig. 1 legend. The pH of the assay buffer 
wash was the same as that used for the incubations. The data 
represent the average (+s.e.m.) of three independent experiments. 
a, Membranes were resuspended using 30 strokes rather than 10. 
Samples were preincubated at 39 °C for 10 min, 3}H-saxitoxin was 
added to a final concentration of 2-3 nM and samples were incu- 
bated for 6 min. b, Samples were preincubated at 4 °C for 10 min, 
344-saxitoxin was added to a final concentration of 2nM and 
samples were incubated for 15 min before filtration. 


differences in toxin affinity. If the seizure locus does code for a 
< protein component of the voltage-sensitive sodium channel, then 


sei'*? might show co-dominance in behavioural and biochemical 
assays because heterozygotes (sei***/+) would have a mixture 


of wild type and mutant channels. Co-dominance has been 
- demonstrated both behaviourally and biochemically for certain 


mutations in the structural gene for acetylcholinesterase’”. In 


< contrast, as demonstrated in yeast, mutations reducing activity 
of enzymes involved in lipid biosynthesis are recessive’. As 


predicted for a mutation in a structural gene for a channel 
polypeptide, sei‘? shows co-dominance at the behavioural level. 
Most heterozygotes (sei'*?/+) become paralysed within 60s at 
40 °C, a temperature which has no immediate effects on wild- 
-type flies. 
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Fig. 3 Scatchard analysis of 3H-saxitoxin binding to nap” and 
wild-type extracts. Extracts were prepared and incubations were 
conducted as described in Fig. 1 legend except that samples were 
preincubated for 10 min at 4 °C and then incubated with various 
concentrations of “H-saxitoxin for 15 min at 35 °C before filtration. 


binding to nap“ and wild-type extracts at 35 °C shows that the 
number of binding sites is reduced by about 40% inthe mutant 
relative to the wild type (Fig. 3). In several experiments, this jis 
reduction varies from 30 to 50% and does not depend on™ 
incubation temperature, in the range 4-38 °C. The nap“ muta- 
tion has no effect on the apparent dissociation constant of the 
remaining binding sites (Fig. 3). Furthermore, the pH sensitivity 
of saxitoxin binding to nap extracts is normal (Fig. 25). 

It appears that nap™ affects sodium channel levels without 
altering activities for other neuronal markers. a-Bungarotoxin 
binding, a synaptic marker, is normal in nap" mutant extracts’®, 
as is another neuronal marker, (Na~ ~K*)ATPase. Wild-type 
flies and nap“ mutants have maximum velocities (Vmax) of 
enzyme activity of 0.364 pmol per min per mg protein and 0.343 
pmol per min per mg protein, respectively. The wild-type 
enzyme has a K,, of 0.50 mM compared with 0.45 mM in the 
nap mutant. 

It has been suggested that the nap locus codes for a component 
of the voltage-sensitive sodium channel'’. If this were true, 
heterozygotes (nap™/+) should show numbers of saxitoxin- 
binding sites intermediate between the mutant (nap*/nap™) 
and the wild-type (+/+). A reduction in the number SÅ 
saxitoxin-binding sites would be more pronounced in flies that ` 
carry two copies of the mutant allele and one copy of the wild 
type (+/nap™/ nap"). We constructed such a strain using a Y 
chromosome containing a duplication of a small region of the 
second chromosome (41-43 A of the salivary chromosome map) 
which includes the nap’ locus’. The number of saturable 
sgxitoxin-binding sites in this strain at 4°C (Bmax = 117.9 +0.6 
fmol per mg protein) was indistinguishable from that of wild 
type (see Fig. 15) and was significantly higher than that of 
homozygous mutants (nap“/nap") of similar genetic back- 
ground (Bmax = 87-6+ 3.8 fmol per mg protein). This lack of 
co-dominance makes it unlikely that the nap locus encodes a 
channel subunit. However, the nap" mutation may result in 
structural alterations (such as post-translational modifications) 
which affect the efficacy with which channels are incorporated 
into membranes. Flies heterozygous for a mutation affecting 
modifying enzyme would be normal if 50% of that enzyme ` 
activity were sufficient for complete modification. 


We wanted to determine whether the temperature-induced 
paralysis in the n p“ stock was due simply to a reduced number — 
of membrane-bound sodium channels. If this were true, a phar- = 
macological reduction in the number of functional sodium 
channels in wild-type flies should mimic (phenocopy) the 
reversibly paralysed ata tempi 
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Fig. 4 Effects of temperature on wild-type flies fed sublethal 
doses of tetrodotoxin. Canton-S wild-type flies (3-6 days post- 
eclosion) were placed in vials containing two 2.5-em filter paper 
circles wet with 150 ul 20 mM citrate buffer (pH 4.8) alone (con- 
trols) or with buffer containing 10 pg ml’ (31,4 uM) tetrodotoxin 
(TTX). After 24h at 21°C this dose of TTX caused 75-90% 
lethality. Survivors were selected that maintained good locomotor 
activity and could still climb the walls of the glass culture vial, 
Control and treated flies were transferred to clean vials and 
exposed to 38°C for 5 min. The number of flies paralysed was 
> recorded at 30-s intervals. After 5 min, flies were transferred to 
" 25°C and the rate of recovery from paralysis was recorded. The 
paralysis of nap mutants (genetically marked with an eye colour 
mutation cn) was determined simultaneously as a control. 


recovery of the nap™ mutant are shown for comparison. 
Although toxin-fed wild-type flies became paralysed with 
kinetics similar to the nap" mutant, the recovery from paralysis 
was slower in the toxin-fed wild-type than in the mutant. Rea- 
sons for this are unknown. Nevertheless, a reduction in number 
of functional channels is sufficient to produce a temperature- 
induced paralytic phenotype. 

Using ligand binding, we have identified a subset of tem- 
perature-sensitive paralytic mutants with abnormal saxitoxin- 
binding phenotypes. Mutations affecting the saxitoxin- binding 
site will be useful for determining the genetic relationship 
between this and other distinct pharmacological sites of the 
sodium channel. Such mutants can also be used to study the 
developmental regulation of sodium channels, and the general 
x tole of cell excitability in development. 
7° We thank Nancy Martinez, Charlene Comastri, Gene Belknap 
-and John Yee for technical assistance, Drs Martin Chalfie, Barry 
Ganetzky, Jeffrey C. Hall and R. Scott Hawley for critical 
comments on this manuscript, Barry Ganetzky and Shankar J. 
Kulkarni for providing copies of temperature-sensitive paralytic 
mutant stocks before their data were published on these mutants. 
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Evidence for immunological 
cross-reaction between 

Sporozoites and blood | & 
stages of a human malaria parasite | 
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Malaria parasites (Plasmodium spp.) show a complex pattern 


of development in the mammalian host and many studies sup- _ 
port the view that the surface of the sporozoite, injected by the 








mosquito, has no antigens in common with the e rocytic 
stage of development’. For example, immunization with the | 
erythrocytic parasites generates antisera with negligible titre by _ 
indirect immunofluorescence to the sporozoite surface?" __ 
Although monoclonal antibodies prepared against erythrocytic _ 
Stages were reported to show cross-reaction to the Sporozoite _ 
stage“, this appeared to be due to cytoplasmic antigens exposed _ 
by the method of sporozoite preparation®, and in Plasmodium — 
knowlesi, a CDNA clone coding for the circumsporozoite anti- 
gen, the major protein of the sporozoite surface, showed no 
hydridization to mRNA isolated from the erythrocytic stages®. 
Here, however, we present evidence for an antigenic deter- . 
minant shared by the sporozoite surface and the erythrocytic 
stages of the human malaria parasite, P. falciparum. Moreover, 
our studies show that the antigen(s) elicit a strong immune 
response in man, i 
Monoclonal antibodies against the cultured erythrocytic _ 
stages of P. falciparum KI, a Thai isolate’, were tested by indirect 
immunofluorescence microscopy against P. falciparum sporos 
zoites. One of the 22 tested, McAb 5.1 , Bave a strongly positive — 
reaction to the sporozoite preparation (Fig. 1a). The titre Oboes 
the McAb 5.1 ascites fluid was very high (1 in 10° dilution) and 
equally active on sporozoites and erythrocytic stages. The other 
monoclonal antibodies tested did not stain sporozoites at a. 
dilution of 1: 100 (Fig. 1b). O. 
Both air-dried and glutaraldehyde-fixed sporozoites apei 
stained by indirect immunofluorescence with McAb 5.1. Theo 
latter method of preparation only allows antibody to bind to 
surface determinants” and the clear microscope image it provides 















stage (data not shown). Different immunofluorescence patterns 
are obtained on infected red blood cells with other monoclonal: 
antibodies, for example McAb 7.37 (Fig. 1d). ee ee 

The 5.1 antigen can be clearly detected in SDS extracts ó 
parasites prepared by saponin lysis of infected red blood cell: 
The proteins were fractionated by SDS-polyacrylamide gel el 
trophoresis (PAGE) (Fig. 2, lanes 1,2 


yme-linked immunosorbent assay (ELISA)* 





Glecular weight ( 








purified from Nonidet P-40 (NP40) extracts of parasitized 
erythrocytes on a McAb 5.1~-Sepharose column, despite low 
affinity of the antibody for its antigen (which complicated earlier 
studies’). This preparation (Fig. 2, lanes 3, 5) also shows a single 
-band carrying the epitope migrating slightly faster (M, 22,000) 
than that in the unpurified extracts, perhaps because the protein 
is cleaved during purification. 

‘The 5.1 antigen is parasite-encoded. NP40 extracts from 
parasites metabolically labelled with “*S-methionine were ana- 
lysed by affinity chromatography and gel electrophoresis. The 
separated proteins were visualized by autoradiography (Fig. 2, 
lanes 6,7). A unique, labelled protein band (M, 22,000) is 
retained by the McAb 5.1 affinity column (lane 7). 

We now present evidence that the 5.1 epitope is determined 
‘by the primary amino acid sequence of the antigen molecule. 
"P. falciparum mRNA’ can be translated in rabbit reticulocyte 
extracts! into proteins which are not processed or modified. 
‘The McAb 5.1-Sepharose column traps several of the in vitro 
products nonspecifically (Fig. 2, lane 9). These are also trapped 
by other monoclonal antibody~Sepharose columns (see lane 10). 
However, the McAb 5.1 column retains a unique protein, M, 
24.500. (lane 9). No other column (3/3 tested) retains this 
protein (see lane 10). It is reasonable to conclude that it carries 
the 5.1 epitope inthe amino acid sequence. Note that the primary 

-transcript appears larger than the mature antigen, suggesting 
that it is processed or modified in vivo. 

These results lead to the important conclusion that the 5.1 
epitope of the sporozoite and erythrocytic stages is not a com- 
mon modification of two entirely different proteins, but the 
“same amino acid sequence(s) found in two proteins made at 

different stages of the life cycle. 
‘The 5.1 antigen is recognized by human sera from areas 
"(Nigeria or Gambia) endemic for P. falciparum (Fig. 3). Total 
< parasite proteins and proteins immunoadsorbed on McAb 5.1- 
-Sepharose were subjected to SDS-PAGE (Fig. 3a). They were 
transferred to nitrocellulose and probed by ELISA. For com- 
parison we studied proteins jmmunoadsorbed by McAb 7.7 
which gives the same immunofluorescence pattern as McAb 3.1. 
Shown in Fig. 3, the following antibody probes were used: b, a 
mixture of monoclonal antibodies 5.1 and 7.7; c, sera (pooled) 
from individuals living in an area endemic for P. falciparum 
malaria; and d, serum from an individual never exposed to P. 
falciparum. 
The bands revealed by endemic sera (Fig. 3c) and monoclonal 
antibodies 5.1 and 7.7 (Fig. 3b) are specific. No bands are seen 
with the nonimmune serum (Fig. 3d) or with other monoclonal 
antibody controls (data not shown). Figure 3b shows the 5.1 
antigen (M, 22,000, 22K). It is quite distinct from the 7.7 antigen 
- (33K): Both appear together in the total parasite protein (Fig. 

3b, lane 1) and separately in the purified antigen preparations 
~~ (anes 2, 3). The pooled human sera (Fig. 3c) have no detectable 
-antibodies against the purified 7.7 antigen (Fig. 3c, lane 3). By 
~ contrast, the purified 5.1 antigen is very strongly recognized 
_ (ane 2). Note that the pooled human sera detect many antigens 
amongst the total parasite proteins (lane 1) but there is one 
_ particularly strong band (arrow). A comparison of antigen band 





- suggests that this is the 5.1 antigen. In fact, Sepharose-bound 
$8.) antigen reacts with as much as 1% of the antibodies in these 
pooled sera (data not shown). 

We conclude that a major immunogenic protein of the eryth- 
cytic stage of P. falciparum contains an antigenic determinant 
present in a protein at the surface of sporozoites. In this 
ection we were interested to learn that Coppel and co- 












nection 
have identified a 220K protein of the erythrocytic 
| an immunofluorescence pattern similar, if not iden- 
at of the 5.1 antigen. Remarkably, it has random 
‘1 amino acid sequence. This repetitive feature 
described in the major circumsporozoite protein 
















he bl ng the 5.1 epitope appears highly 
dmamune. cross-reacti » the 





- positions and intensities in tracks 1 and 2 of Fig. 3b and c 





ross-reaction. to the on both the sporozoi 
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Fig. 1 Indirect immunofluorescence staining of P. falciparum 
microscope preparations using monoclonal antibodies. a, b, 
Glutaraldehyde-fixed sporozoites collected in Thailand (a gift of 
Dr Ruth Nussenzweig). c d, Air-dried thin blood smears of an 
asynchronous in vitro culture’? of P. falciparum (isolate KI from 
Thailand’). The parasitaemia was 5%. 

Methods: All slides were fixed in acetone for 5 min. The staining 
was carried out at room temperature in a moist chamber as detailed 
in ref. 7. The slides were incubated with monoclonal antibodies 
for 30 min, stained with fluorescein isothiocyanate-conjugated 
polyvalent rabbit anti-mouse immunoglobulin (Miles- Yeda) and 
counterstained with Evans blue (0.1% in phosphate-buffered saline 
(PBS)). The slides were examined by fluorescence microscopy after 
mounting in 50% glycerol. a, c, Monoclonal antibody 5.1 was used 
in the primary incubation; b, d, for comparison, the staining pro- 
duced by a different monoclonal antibody called 7.3 (see ref. 7). 





ARRES 


Bound antibody appears as a vivid green fluorescence (a, c, d) P 


whereas parasites which do not bind antibody {b} appear red. 
Photographs were taken at x1,000 magnification using Kodak 
Tri-X Pan film. 


sporozoite surface not been detected experimentally? One 
explanation, with important implications, is that the 5.1 antigen 
becomes strongly recognized by human sera only through long- 
term continual exposure to the antigen, as experienced by 
individuals living in areas endemic for malaria. Experimental 
tests for stage cross-reactivity of monoclonal antibodies or anti- 
sera, raised by short-term immunization protocols, would not 
reveal this epitope. | 

it is interesting that McAb 7.7 recognizes an epitope on a 
totally different molecule from McAb 5.1 despite the fact that 


they cannot be distinguished by immunofluorescence mi- 


croscopy. It is particularly striking that the 22K protein of McAb 
5.1 is very immunogenic in man whilst the 33K protein of McAb 
77 elicits no detectable immune response. It is also relevant 
that, unlike the 7.7 epitope, that of 5.1 is not present in all 
strains of P. falciparum’, z 
Natural immunity to malaria of individuals living in endemic 
areas is only fully acquired by adolescence’’. An antigen to 
which an immune response is only raised very slowly therefore 
may be of importance. in the development of immunity. Such 
an antigen would be of particular importance (= sen 
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Fig. 2 Characterization of 5.1 antigen. Proteins were separated MWtM. 
by SDS-PAGE’* on 10% gels. Lane 1 contains total parasite 220- 
protein stained with Coomassie brilliant blue R. Lanes 2 and 3 
contain, respectively, total parasite protein and partially purified 





5.1 antigen visualized by silver staining’®, The position of 5.1 94- 
antigen is reveäled in lanes 4 and 5 by Western blotting of total 

parasite proteins (lane 4) and partially purified antigen (lane 5) 67- 
and detection by an ELISA procedure®. Lanes 6-10 show 2 
autoradiographed, *°S-methionine-labelled proteins. Total para- 60 
site proteins (lane 6) and 5.1 antigen (lane 7) were metabolically 

labelled in culture. Lane 8 shows total parasite proteins synthesized 43- 
by in vitro translation of P. falciparum mRNA. From the total in l 
vitro translation products 5.1 antigen (lane 9) has been partially 36- 


purified on a 5.1 monoclonal antibody affinity column. For com- 

parison, lane 10 shows the unrelated antigen, P190, recognized by 

McAb 7.3 (ref. 7), prepared in a similar way. Specifically adsorbed 30- 
bands in the two lanes are arrowed. 

Methods: The proteins in lanes 1 and 2 were prepared from an 
asynchronous in vitro culture’? of P. falciparum (5x 10° eryth- 

rocytes; 5% parasitaemia), washed once in PBS and lysed in 0.1% 

saponin in PBS at 4°C. Released parasites were washed three 2014- 
times in PBS before pelleting and freezing at ~70 °C until required. 18.5- 
For electrophoresis, the pellet was solubilized by boiling in gel 

sample buffer. Lane 2 was deliberately overloaded to allow detec- 

tion of the antigen after Western blotting (see lane 4 below), since Le 
the 5.1 antigen constitutes a minor proportion of the total proteins 

(compare lanes 2 and 3 with 4 and 5). 5.1 antigen (lane 3) was 

prepared by affinity chromatography. An asynchronous parasite protein extract, solubilized with NP40 (BDH)'’, was applied toa 5.1 monoclonal 
antibody affinity column. This was prepared by binding McAb 5.1 (purified from ascites fluid by (NH,), SO, precipitation and DEAE 
ion-exchange chromatography) to CNBr-activated Sepharose 4B (Pharmacia). After applying the extret the column was washed briefly in 

the extraction buffer’’, before elution of bound proteins in 8 M urea (4 °C). Proteins of lanes 2 and 3 were transferred to nitrocellulose paper | - 
(lanes 4, 5) by Western blotting® and the position of 5.1 antigen was revealed by ELISA®. The nitrocellulose blot was first probed with McAb = 
5.1 (ascites fluid at a 1 in 200 dilution), then a polyvalent rabbit anti-mouse IgG (serum at a 1:500 dilution) and finally with horseradish. 
peroxidase-conjugated goat anti-rabbit IgG (Sigma) (at a 1: 1,000 dilution). The con jugated enzyme was reacted with o-dianisidine dihydro- > 
chloride (Sigma) and hydrogen peroxide, giving a brown colour at the position of 5.1 antigen. The parasite proteins in lanes 6 and 7 were 
labelled metabolically with *°S-methionine in an asynchronous culture’? of P. falciparum by the method of Deans et al.'®. Proteins of 4 total 
NP40 extract (see above) of the labelled culture appear in lane 6 (3,000 c.p.m. of trichloroacetic acid (TCA)-precipitable material). Laney. 
shows protein purified by the McAb 5.1 affinity column (see above) from the labelled parasite extract (3X 10°c.p.m. of TCA-precipitablëe 
material). The parasite proteins in lanes 8, 9 and 10 were synthesized in a reticulocyte lysate in vitro translation system’? supplemented with 
°°§-methionine and P. falciparum poly(A)" mRNA from asynchronous cultures”. Lane 8 shows total in vitro translation products (5,000 ¢.p.m.. 

of TCA-precipitable material). Lane 9 shows proteins adsorbed from the total in vitro translation products (5 x 10° c.p.m. of TCA-precipitable.. 
material) on a McAb 5.1 affinity column (see above). Lane 10 shows the translation products adsorbed in the same way, by an affinity column’. 
coupled with a different monoclonal antibody, McAb 7.3 (ref. 7). The gel was processed for fluorography?®, dried and autoradiographed (lanes . 

6 and 10 for 3 weeks and lanes 7, 8 and 9 for 1 week). Molecular weight markers (Pharmacia): ferritin (220,000), phosphorylase b (94,000), 
albumin (67,000), catalase (60,000), ovalbumin (43,000), lactate dehydrogenase (36,000), carbonic anhydrase (30,000), trypsin inhibitor 
(20,100), ferritin (18,500) and a-lactalbumin (14,400). 





Fig. 3 Recognition of 5.1 antigen by human sera. In all lanes 
proteins were separated by SDS-PAGE!5 on 10% gels. In a, the 
proteins were visualized by silver-staining'®. Lane 1 is total parasite 
protein (see Fig. 2). This lane is overloaded to enable antigens to 
be seen after Western blotting (see below), Lane 2 js partially 
purified 5.1 antigen (see Fig. 2). Lane 3 is partially purified 7.7 
antigen prepared by affinity chromatography using a 7.7 mono- 
- Clonal antibody affinity column. (Methods in Fig. 2.) b, c, d, The 
proteins of a transferred to nitrocellulose by the Western blotting 
procedure®. These blots were then probed with antibody by the 
ELISA procedure, as described for Fig. 2. Blot d was initially 
probed with human serum (1:200 dilution) from an individual 
never exposed to P. falciparum malaria. Blot c was initially probed 
with human sera (1:200 dilution) obtained by pooling 50 serum 
samples from pregnant women living in Nigeria, an area endemic 
for malaria. Both blots c and d were then probed with horseradish 
peroxidase-conjugated goat anti-human IgG (Sigma) (1:1,000 
dilution). Blot b was probed first with the monoclonal antibodies 
5.1 and 7.7 (1:200 dilution) and then probed using polyvalent 
rabbit anti-mouse IgG (1: 500 dilution) followed by horseradish 
peroxidase-conjugated goat anti-rabbit IgG (1:1,000 dilution). 
For all blots b, c and d, the Position of bound antibody was 
determined using the enzymic colour reaction as detailed in Fig. 
2. Molecular weight markers are as in Fig. 2. 










- Our studies raise two major questions: are the antibodies 
against the 5.1 antigen in endemic sera protective, and, do the 
“majority of them cross-react with sporozoites? Since we are 
‘now able to extract significant amounts of the 5.1 antigen from 
erythrocytic parasites, it should be possible to investigate these 
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-< Leprosy remains a significant medical and social problem in 
< many developing countries. The varied forms of the disease 
form a spectrum’. At one pole, tuberculoid leprosy, patients 
- develop high levels of cell-mediated immunity which results in 
the killing and clearing of bacilli in the tissues. At the 
= lepromatous pole, patients exhibit a selective immunological 
unresponsiveness to antigens of Mycobacterium leprae so that 
he organisms | 



























ific suppressor. cells that inhibit the reactivity of 


dentified by monoclonal antibodies on a small number 
teins’, the only unique species of antigen pres- 
eprae, and not on. any other species of mycobacteria 


, is a phenolic glycolipid (gly-I)*. We show here 


f mitogenic responses of lepromatous patients’ 
n vitro and provide evidence that the suppressor 







inexorably multiply in the skin. We have sug- 
ıt in lepromatous leprosy one or a small number of - 
ani igenic determinants present on M. leprae might 


T-cell clones capable of recognizing other specific or 
e determinants’. Although unique epitopes have 


nique antigen of M. leprae is capable of inducing 
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Fig. 1 Schematic structure of M. leprae phenolic gly-I It is com- 
posed of 3,6-di-O-methylglucose, 2,3-di-O-methyirhamnose, 3- 
O-methyirhamnose linked to phenol-dimycocerosy] phthiocerol. 
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Fig. 2 Suppression of mitogenic responses of peripheral blood — 
lymphocytes of leprosy patients and normals to ConA in the 
presence of M. leprae. specific phenolic gly-1 and Dharmendra 
lepromin. Peripheral blood mononuclear cells were obtained from 
heparinized blood by Ficoll-Hypaque centrifugation. The sup- 
pression of mitogenic response of lymphocytes to Con A, induced 
by lepromin and phenolic glycolipid, was assayed as described 
earlier’. Briefly, 2x 10° lymphocytes were cultured in triplicate in 
RPMI 1640 containing 10% heat inactivated pooled human AB 
serum with (1) no additions, (2) 2.5 pgml”' Con A, (3) ConA 
plus Dharmendra lepromin (1:10), 0.5 pg mi”! M. leprae phenolic 
gly-I in the form of liposomes or control liposomes. Liposomes 
were prepared by the method of Six et al.'*. A mixture containing 
2.0 mg sphingomyelin, 0.73 mg cholesterol, 0.065 mg dicetylphos- 
phate and 0.23 mg M. leprae gly-I in 125 wl of Tris-NaC! buffer 
(pH 8.0) was sonicated for 1 h with glass beads. The cultures were 
labelled on day 2 with 1 pCi *H-thymidine (specific activity 
5 Cimmol™!) per well and harvested 18h later. The data were 
analysed by analysis of variance and Duncan’s multiple range test. 
Significance was accepted at the P< 0.05 level. Numbers in paren- 4 y 
thesis represent the number of subjects studied in each group. 





mediated immunity to antigens of the tubercle bacillus although 
all known species of protein and glycoprotein antigens in 
M. leprae are either serologically identical or cross-reactive with 
those of BCG*. Some experimental support in vitro for the 
existence of lepromin-induced suppressor activity of mono- 
nuclear cells from lepromatous leprosy. patients has appeared. 
Adherent cells from lepromatous patients, presumably 
monocytes, have been found to suppress mitogen and antigen — 
responses in vitro**. Lepromin-induced suppressor T cells have _ 
also been implicated in some circumstances. We have previously — 


reported that 84% of patients with lepromatous leprosy have 
a T cell bearing the OKT5/OKTS8 phenotype which can b 
induced by lepromin to suppress responses of the patients € 
normal donors lymphocytes to the mitogen, concanavalin A 
(Con A)Ć. These suppressor cells (Ts) are active in patients with 
lepromatous and borderline leprosy, but not t berculoid leprosy 
or in normal donors. A high percentage (approximat 
of the T8 cells from lepromatous patien essed the 
tion markers, Fe IgG receptors and HLA er 
tion of these T8 cells in a third of the pati 
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Fig. 3 Suppression of Con A responses of peripheral blood lymphocytes of lepromatous leprosy patients by modified M. leprae glycolipid = | 
and phenolic glycolipids from other mycobacteria. All the preparations were added in liposomes to the cultures at a conc. of 0.5 ugm, 
except deacylated GL-I, that was suspended in PBS and added at the same concentration, The chemical nature of the lipids tested are as 
follows: M. leprae phenolic gly-I: 3,5-di-O-Me-8-D-Glep(1-4)2,3-di-O-Me-a-L-Rhap( 1-2)3-O-Me-a-L-Rhap-R: M. leprae phenolic gly-I ce 
(monodeglycosylated): 2,3-di-O-Me-a-L-Rhap(1-2)3-O-Me-a-1.-Rhap-R; M. leprae phenolic glycolipid-HI (3'-demethylated): 6-O-Me-B- _ | 
D-Glep(1-4)2,3-di-O-Me-a-L-Rhap(1-3)3-O-Me-a-L-Rhap-R: M. kansasii phenolic glycolipid (mycoside A): 2,4-di- O-Me-L-Rhap( EE S P 
0-Me-L-Fucp(1-4)2-O-Me-L-Rhap-R (tentative. structure); M, bovis phenolic glycolipid (mycoside B}: 2-O-Me-a-L-Rhap-R; “Glep: 
giucopyranose; Rhap: rhamnopyranose; Fucp: fucopyranose; R: dimycocerosyl phenolphthiocerol. 


Since the phenolic glycolipid I, the structure of which is pe ; ja m: yoan 
schematically represented below (Fig. 1), is the only unique Table 1 Inhibition of phenolic glycolipid and lepr omin-nduced'sup-: 
species of antigen found in M. leprae, we explored the possibility Pression of ConA responses of peripheral blood lymphocytes of 
that it might be recognized by suppressor cells from lepromatous lepromatous leprosy patients by monoclonal ne 
patients. Phenolic gly-I was prepared from armadillo-derived 






i mid 
M. leprae as described previously*. Because of its insolubility in ESE a e 
„aqueous medium, it was presented to the lymphocytes from to M. leprae Specificity Phen-GL-I Lepromin ieee 
‘yptents with leprosy in the form of liposomes (Fig. 2) or in the tet zs 42.9439 381226 ooo 
= More water-soluble deacylated form. Lymphocytes were 46.7 Phen-GL-I terminal -18.9+7.2 178466 
obtained from lepromatous patients, either untreated or treated disaccharide toe ER 
for less than three months, whose stage of disease was classified Y; Specific epitope on 45.4+3.8 27 AE 35 o 
according to the Ridley and Jopling scale’. The mononuclear 68K protein : cor 
cells were cultured for three days with Con A in the absence or 46.7+Y, a ~23.026.7 16.6412.5 
presence of Dharmendra lepromin or glycolipid, and sup- ~ Dıy Cross-reactive with 35.3449 AEBS 40 
pression of *H-thymidine incorporation was measured as . g7 face peak Sm PASE 
- -described previously. As shown in Fig. 2, significant and com- M. leprae and other 
ar on a ier a ae a ree cae mycobacteria 
-< parable suppression of lymphocyte proliferation to Con A was ae Gara 












apara | Set seas “i jå P Dharmendra lepromin 45.5442 47.9453 — 
induced by gly-I and lepromin in lymphocytes from lepromatous Senseo a Sa eli cai rnin 
patients but not from patients with tuberculoid leprosy, Monoclonal antibodies were produced by the fusion of spleen ce 
_lepromin-positive contacts or normal donors. The optimal dose from BALB/c mice immunized with M. leprae to myeloma Xi 
of the glycolipid for inducing suppression in liposomes was found 8.653 cells. The reactivity and specificity of monoclonal antibod 
to be 0.5 pg ml”. As reported previously®, depletion of the of which are IgG, was determined by enzyme-linked immunosorba 
~ OKTS cells removed the in vitro suppression observed by both assay (ELISA) of 18 mycobacterial species (in prepar ation). In EL 
. \epromin and the glycolipid. The significance of the weak stimu- eagle RA P pees Mir ely sai ee mie 
ation of . H-TdR HACCP OF etn by gly-I-containing li PODS disaccharide, Suppression was measured as before in the. presei 
ao lymphocytes from lepr Omin~-positive contacts and tuber culoid absence of 20 ul per well of culture supernatants from the hyl 
_ patients remains unclear, although preliminary data indicate making the monoclonal antibodies with the above mentioned ri 
-. that depletion of OKT4 cells does not result in a diminution of tivities. ee ae 
the *H-TdR incorporation and that gly-I fails to induce higher 
< -stimulation at 6 days, S _.. mycocerosic acid side chain 
"To elucidate the specificity of recognition of this unusual — had no effect on in vi 
_ antigen by the Ts cells, the ability of a series of modified M: leprae 












































lipids and structurally different glycolipids prepared fro: 


dicate. that 








liposomes alone. These data indicate that the suppressor cell 
has rather exquisite specificity for the terminal trisaccharide 
found in M. leprae gly-I. This was confirmed by testing a series 
of monoclonal antibodies for their ability to inhibit suppression 
induced by lepromin or the phenolic glycolipid (Table 1). Mono- 
clonal antibody specific for the terminal disaccharide of the 
Mceleprae glycolipid completely inhibited the suppression 
induced by gly-I, and significantly reduced that by lepromin. A 
‘monoclonal antibody to an M. leprae specific epitope on a poly- 
peptide of molecular weight 68,000 weakly diminished sup- 
opr ssion of the intact lepromin, but was without effect on the 
purified glycolipid. Monoclonal antibodies to a cross-reactive, 
‘mycobacterial surface antigen, and to an antigen present in 
Dharmendra lepromin were also without effect. These results 
indicate that the phenolic gly-I is at least one of the major 
‘guppression-inducing determinants of M. leprae in this assay. 
"Tt remains to be ascertained whether the phenolic glycolipid 
and T cells capable of suppressing mitogenic responses are 
effective in suppressing specific T-cell responses to M. leprae 
antigens in appropriate patients. Nevertheless, it has been poss- 
‘ible to associate the lepromin-induced in vitro suppressor activity 
described here with the course of disease by examining a small 
‘number of patients with lepromatous leprosy who have been 
“successfully vaccinated with a mixture of killed M. leprae and 
“live BCG". As shown in Fig. 2, there is an almost total reduction 
“in both lepromin-induced and ply-I-induced suppression in 
-patients showing clinical improvement following immuno- 
` therapy. These results suggest that T; cells assayed here and 
- the unique phenolic glycolipid of M. leprae may be relevant to 
< the clinical unresponsiveness of patients with lepromatous 
< leprosy. 
Hf the selective unresponsiveness of lepromatous leprosy 
"patients is due to the action of suppressor cells induced by the 
phenolic glycolipid or other antigens, it would appear that 
-successful immunization, either with M. leprae plus live BCG 
< or with presumably cross-reactive culturable mycobacteria can 
overcome this unresponsiveness and engender positive skin test 
reactivity, histological upgrading of the quality of the lesions 
and more rapid clearing of antigens. The recent report by Abebe 
-etal.’* indicating that the unresponsiveness to M. leprae antigens 
-could be partially overcome in vitro by the addition of T-cell 
conditioned medium containing interleukin-2 (IL-2) would sug- 
-gest that the mechanism of action of such suppressor cells would 
be to block either the production of, or responsiveness to, 
-lymphokines by lepromin-responsive Ty cells. Even so, the 
eee factors governing the development of Ts cells and the 
- lepromatous form of the disease remain unclear: genetic consti- 
tution, defective antigen presenting cells and the route of infec- 
tion have been suggested as possible predisposing factors. 
> t-has long been problematic whether T cells are capable of 
<: recognizing polysaccharide antigens or sugars. Earlier studies 
-on antibody responses to pneumococcal IH polysaccharide indi- 
cated a role for T suppressor cells in vivo although there was 










o evidence for recognition of SSS-I by T cells’. Clearly 
antibody responses to hapten coupled-ficoll’® and the strepto- 
al A carbohydrate!” have been found to be T-cell depen- 
-dent Delayed type hypersensitivity to tuberculocarbohydrates 
nave been reported’. Recently, cell-mediated immunity to 
Bacillus fragilis has been shown to be induced by the capsular 
polysaccharide and, curiously, is mediated by a major histocom- 
patibility complex unrestricted, Lyt2 T cell in the mouse'”. 
These findings indicate that some carbohydrate moieties can be 
recognized by T cells, perhaps preferentially by T cells of the 
_. Suppressor phenotype. 

“This work was supported by USPHS Grants A107118, 
> Al20111, A122682, and the World Bank/UNDP/WHO 
"Special Programme for Research and Training in Tropical 
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Intrathymic selection of T-cell specificity has been shown to be 
influenced by self-major histocompatibility complex (MHC) 
antigens encoded by radioresistant thymic stromal cells'*. The 
role of non-MHC antigens in intrathymic T-cell differentiation, 
in particular induction of antigen-specific tolerance, has been 
unclear: and the access of non-MHC antigens to the thymus 
is controversial. Here we present evidence that circulating pro- 
tein antigens enter the thymus and are presented by thymic 
stromal cells. At least three distinct types of stromal cells are 
thought to be associated with intrathymic lymphopoiesis™ *; 
after intravenous (i.v.) injection of antigen only I~A/E-positive 
medullary dendritic cells, but not J~A/E-negative macrophages 
or I-A/E-positive cortical epithelial cells co-purified with anti- 
gen-specific stimulation of cloned T-helper cells in vitro. Anti- — 
gen presentation by thymic stromal cells was dependent on thy 7 
dose of antigen injected and the time interval after injection. 

Three types of direct cell-cell lymphostromal interactions 
have been identified as sites of intrathymic lymphopoiesis: these 
involve associations of thymocytes with (1) thymic macrophages 
(M@), (2) thymic medullary dendritic cells (DC), and (3) cortical 
epithelial cells*'*. Two types of multicellular lymphostromal 
complexes which represent the in vitro correlates of these inter- 
actions in vivo have been separately isolated and purified: (1) 
MØ and DC form rosettes with thymocytes (thymocyte rosettes, 
T-ROS) and (2) epithelial cells completely enclose the associ- 
ated thymocytes (thymic nurse cells, TNC)'*'*. The T cells 
associated with all three types of stromal cells are specifically _ 
enriched in actively dividing cells'*. The recognition signals 
responsible for the binding and activation of the stromal cell- 
associated thymocytes have not been defined. From previou 
indirect evidence in chimaeras’”, it is surmised that self-MH 
determinants, at least in part, specify these interactions. Here 
we analyse a possible role of blood-borne non-MHC antigens 
in these interactions. 

Highly purified T-ROS are significantly enriched in antigen- 
presenting cells (APC) compared with unselected thymocytes. 
As few as 1X 10° T-ROS elicit a stronger response than 1 x 10° 
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Fig. 1 Enrichment of thymic APC. Purified T-ROS (O) and 
unselected thymocytes (@) were irradiated (2,000 rad, Cs source) 
and co-cultured in graded numbers in triplicate cultures with 
Sm, GAT-specific I-A>-restricted cloned T-helper cells (clone 14) (1x 
~~ 10° per culture), in round-bottomed 96-well plates. GAT (Miles 
: Yeda; final concentration 200 we ml”! was added at the start of 
the culture, but not to control cultures. containing T-ROS as 
stimulators (A), After 72h proliferation was assayed by uptake 
of “H-thymidine in a 6-h pulse. Data represent the mean values 
of triplicate cultures +s.d. Note that ‘T-ROS and unselected 
thymocytes are titred at different concentrations. — 
Methods: Lymphostromal complexes were isolated and purified 
as described previously'®!? and used as stimulator cells in a prolife- 
ration assay of antigen-specific I-A-restricted T-helper cell clones, 
Antigen was either added at the beginning of the culture period 
in vitro or injected i.v. at various time intervals before isolation 
of the stimulator cells. Three soluble molecules. of different 
molecular weights (MWs) were used as antigens: sperm whale 
myoglobin (Mgb), MW 17,000: the random co-polymer GAT, 
MW 60,000-100,000; KLH, MW8x10° MHC-rtestricted 
T-helper clones of the following specificities were used: myoglobin 
and I-A” (clone 28.1), GAT and I-A? (clone 14), KLH and [~A>* 
(clone NA 4.3) and KLH and I-A” (clone 16.3)**?7, In this 








tion for 10 min at 25°C in RPMI buffered with HEPES (Gibco), 

PH 7.3 (0.5 ml per thymus). The free cell suspension obtained 
after this step yielded the unselected thymocyte cell fraction. The 
remaining tissue fragments were then enzymatically dissociated as 
follows: twice for 10 min at 25°C and once for 10 min at 30°C 
with collagenase IV (0.5 mg mi~’: Millipore) and once for 10 min - 
at 30 °C in Dispase (0.3 mg mi™'); Boehringer). After each diges- 
tion step the cell suspensions were separated from the tissue - 
_ fragments. The four cell fractions were pooled and thymocyte _ 
-.Yosettes were purified by repetitive unit gravity sedimentation on 
-Step fetal calf serum gradients as described previously'*. Purifi- 

_ cation refers to a ratio of 1-3 free cells per T-ROS complex. 






complement (data not shown). Thus, APC activity resides in 
~ the I-A-positive stromal cell fraction. To assess the physiological 
unction of these thymic APC, we tested whether they are 
accessible to circulating antigens in vivo or are secluded by a 
“blood-thymus barrier. 
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Fig. 2 a,b, Dose-response relationship of antigen traffic. Ten 
C57BL/Ka mice were injected either with 1.0 mg (@), 0.5. mg (yoo T 
or 0.25 mg(A) sperm whale myoglobin (Sigma) per g body weight = 
or with phosphate-buffered saline (PBS, ©) and 2hlater the 
thymuses of each group were removed and pooled. T-ROS were 
purified (see Fig. 1 legend) and incubated for 1.5 hon glass cover- o č 
slips. Stimulator cells to be tested for induction of proliferation 
were irradiated and co-cultured in graded numbers with 4x10? 
per culture of myoglobin-specific I-A?-restricted cloned T c iis 
(clone 28.1) and proliferation was assayed 72h later. a Non 
adherent T-ROS (a mixture of DC-ROS, non-z 
thymocytes). b, Splenocytes of the same groups. c,d, T 
of antigen traffic. CS7BL/Ka mice were injected wi 
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O; Uninjected control. Stimulator cells used in 
assay were: c, non-adherent T-ROS; d,s noc 
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- Fig.3 Cellular characterization of thymic APC. uo 





>a; Twelve C57BL/Ka mice were injected with 
- 0.5 mg myoglobin per g body weight and after 2 h 
- the thymuses were removed, pooled and T-ROS 


. sd 

oe & 

~~ were isolated and purified. Two-thirds of the 2 
purified T-ROS were incubated on glass cover- E 

-». slips in 24-well plates (Costar). After incubation 3 

~~ for 1.5h, the non-adherent cells were collected “ os 

by gentle pipetting. The adherent cells were then a 
removed by vigorous pipetting after incubationin 4 

Z 5mM EDTA-PBS (Ca?*, Mg?*-free) for 5min `| 

> at 37°C. Stimulator cells used in the co-cultiva- = 






tion assay were: intact purified T-ROS (O), non- 
-< adherent cells (C1), adherent stromal cells (@), 
>o and adherent stromal cells after injection of 
= myoglobin in vivo and additional antigen supply 
in vitro (20 pg myoglobin per culture) (A). b, c, 
(C3H x C57BL/Ka)F, mice were lethally irradi- 
ated (900 rad) and reconstituted with 10’ C3H 
bone marrow cells (pretreated with anti-Thy 1.2 


0.12 





0.5 2.0 0.12 0.6 2.0 








x 10°" per culture 


and complement); 10 weeks after reconstitution T-ROS and TNC were isolated and purified from the pooled thymuses. TNC were isolated by 
further dissociation of the thymic tissue remaining after isolating T-ROS as described previously’*. Ten P + F, chimaeras, seven untreated F, 
‘and nine C3H mice were injected with 0.5 mg myoglobin per g body weight 2 h before removal of the thymuses. Highly enriched T-ROS (b) 


sand TNC (c) of all three experimental groups were used as stimulator 


cells in the co-cultivation assay. b, Response elicited by T-ROS derived 


from F, hybrid (H-2°*) (©), C3H (H-2") (@) and C3H >F, mice (A). c, Response elicited by TNC derived from F, hybrid (O), C3H (@) and 


C3H > F, (C) mice. 


_-at which time the thymic APC are still as efficient in antigen- 
<- specific stimulation as at 15 min after antigen pulse (see Fig. 2c). 
L-glutamic acid®’-L-alanine*’-L-tyrosine’° (GAT) and keyhole 
limpet haemocyanin (KLH) were also shown to enter the thymus 
when 0.75-2.0 mg per g body weight of purified antigen was 
injected i.v. and 1-2h later thymic rosettes were co-cultured 
with the appropriate T-helper clones (data not shown). Note 
that the threshold doses for detection of GAT and KLH in the 
thymus were 2-4 times higher than for detection of these anti- 
gens in the spleen. Thus, traffic of soluble blood-borne antigens 
to the thymus is time- and dose-dependent and is observed with 
antigens of a wide molecular weight range. 

To delineate the cell type(s) responsible for antigen presenta- 
tion, MØ, DC and epithelial cells were analysed separately. 
When the stromal cells of highly enriched T-ROS were separated 
into adherent (~90% macrophages) and non-adherent cells 
(~50-80% DC-like cells), antigen presentation in vitro co- 
purified with the non-adherent DC-rich cell fraction (Fig. 3a). 
Adherent stromal cells, even pulsed with additional antigen in 
vitro, did not stimulate the T cells (Fig. 3a). Thus, the failure 
of thymic M@ to present antigen is probably not due solely to 
inaccessibility to antigen in vivo and is compatible with their 
lack of class H MHC antigen expression’*. This finding is at 
variance, however, with earlier reports which used different 
enrichment protocols and ascribed thymic APC activity to an 
adherent cell population having macrophage.characteristics'*""°. 

Second, we separately tested I-A-positive cortical epithelial 
cells and I-A-positive DC-like cells. A complete separation of 
«o both cell types can be achieved in bone marrow-reconstituted 
= radiation chimaeras in which epithelial cells of the host type 
> remain and DC are replaced by bone marrow donor celis'*'°. 
We tested thymic APC activity in C3H (H-2*)> 
(C3H XC57BL/Ka)F, (H~2*"), 900-rad, bone marrow 
chimaeras 10 weeks after reconstitution, with the myoglobin- 
© specific I-A?-restricted clone 28.1. As expected, APC in the 

rosette fraction did not present myoglobin to the I-A°-restricted 
‘T-cell clone as both DC and MØ in the chimaeric mice were 
of H-2* donor type (Fig. 3b). However, enriched F, hybrid 


.  host-derived epithelial cells, which strongly express I-A” deter- 
=< minants serologically together with I-A" and 1-A°* hybrid 


= determinants, did not induce myoglobin-specific proliferation 


above the control level of C3H-derived epithelial cells carrying 


o the irrelevant H-2* haplotype (Fig. 3c; the residual APC 
-activity in the F,-derived TNC fraction is due to. contaminating 


== DC). Again, this failure of epithelial cells to present antigen 


~~ cannot be attributed solely to sequestration of antigen. Epithelial 
derived from chimaeric mice of the same type also failed 
nt. antigen when KL : 








vitro and the = 2. Fink.! 


proliferation of the I-A°* hybrid determinant-KLH-specific _ 





T-cell clone was measured in two control experiments (data not, | 


shown). Thus, thymic APC seem to be strictly of bone marrow 
origin as reported previously’ ®. 

The demonstration of antigen within the thymus was critically 
dependent on the efficient purification of APC from pooled 
organs after enzymatic dissociation. It is unlikely that the APC 
activity described in these experiments is derived either (1) from 
perithymic lymph node cells, as care was taken to remove 
adjacent tissues, moreover DC-T-cell rosettes cannot be isolated 
in appreciable numbers even from primed peripheral lymph 
nodes (B.A.K., unpublished observation) or (2) from co-isolated 
vascular endothelial cells or pericytes, as neither of these cell 
types expresses class I] MHC antigens of bone marrow origin 
constitutively’ ’. 

Thus, thymic dendritic cells are accessible to circulating anti- 
gens in vivo and efficient in the presentation of these antigens 
to T cells in vitro'®'’, and presumably also in vivo. In contrast, 
I-A-negative macrophages and I-A-positive cortical epithelial 
cells were intrinsically deficient in antigen presentation in our, 
assay, indicating that I-A expression is necessary but n hud 
sufficient for antigen presentation. It is worth noting that thymic 
dendritic (interdigitating) cells are strictly confined to the 
medulla and corticomedullary junction®””°, both of which have 
been shown to be permeable to protein antigens, whereas I-A- 
positive TNC reside in the cortex? ' which is apparently secluded 
from blood-borne antigens by a specialized vascular architec- 
ture?!. These findings are compatible with a proposed role for 
thymic epithelial cells in selection of T cells via MHC deter- 
minants in the absence of nominal antigens’. 

Penetration of protein antigens into the thymus, particularly 
in close association with blood vessels in the medulla, has been 
reported previously?!**. Our results provide evidence that 
blood-borne non-MHC antigens can reach thymic DC, which 
are highly efficient in presenting these antigens to T cells. The 
strict correlation of thymocyte-DC interactions with T-ce 
maturation during ontogeny strongly suggests a role of these 
stromal cells in T-cell lymphopoiesis. 

We thank M. Travis for technical assistance, D. Logan for 






typing the manuscript, T. Infante and M. Shigeta for providing : 
T-cell clones, and P. Fink and J. Trotter for helpful criticism 


on the manuscript. This work was supported by the E. Naumann 
fund and grant CA 03352 to H.S.K., grants Al 18705, 18635 
and 00485 to C.G.F. and a postdoctoral fellowship of the 
Deutsche Forschungsgemeinschaft to B.A.K. 

Received 1 September; accepted 21 December 1983. 

RA exp. Med, 147, 882-896 (1978). 


1. Zinkernage!, R , 88 
aB, 766-775 (1978) 


























“NATURE VOL. 308 8 MARCH 1984 


3. Streilein, J. W., Gruchalla, R. S., Wood, P. & Strome, P. Ann. N.Y. Acad. Sci 392, 
276-289 (1982). 
4. Good, M. F., Pyke, K. W. & Nossal, G. J, V. Proc. natn. Acad. Sci. U.S.A. 80, 3043-3049 
(1983), 
5. Morrisey, P. J., Kruisbeek, A. M.. Sharrow, S. O. & Singer, A. Proc. natn. Acad Sei, 
U.S.A. 79, 2003-2007 £1982). 
6. Metcalf, D. in The Thymus (Springer, New York, 1965). 
7. Beller, D. 1. & Unanue, E. R. Z Immun. 121, 1861-1864 (1978), 
8. Kaiserling, E., Stein, H. & Muller-Hermelink, H. K. Cell Tissue Res, 198, 47-55 (1974), 
9 
10 





. Duijvestijn, A. M. & Hoefsmit, E, C. M. Cell Tissue Res. 218, 279-292 (1984). 
. Wekerle, H., Ketelsen, U.-P. & Ernst, M. J. exp. Med. 151, 925-944 (1980), 
li. Kyewski, B. A. & Kaplan, H. S. J. Immun. 128, 2287-2294 (1982). 
12. Kyewski, B. A., Rouse, R. V. & Kaplan, H. S. Proc, natn. Acad. Sci. USA. 79, 5646-56450 
($982). 
13. Bell, E. B. & Botham, J. Immunology 47, 477-487 (1982). 
14. Robinson, J. H. J. Immun. 130, 1597-1595 (1983). 
15. Beller, D. L & Unaune, E. R. J immun. 124, 1433-1440 (198Q). 
16. Longo, D., L. & Schwartz, R. H, Nature 287, 44-46 (1980). 
17. de Waal, R. M. W, et al. Nature 303, 426-429 (1983). 
18. Steinman, R. M. & Nussenzweig, M. C, Immun. Rev $3, 127-147 (1980). 
19. Sunshine, G. H., Katz, D. R. & Feldman, M. J. exp. Med. 152, 1817-1822 (1980). 
20. Barclay, A. N. & Mayrhofer, G. J. exp, Med. 183, 1666-1671 (1981), 
21. Raviola, E. & Karnovsky, M. J. J, exp. Med. 136, 466-498 (1972). 
22. Green, L & Bloch, K. Nature 206, 1099-1101 (1963). 
23. Sainte-Marie, G, J. Immun. 91, 840-845 (1963). 
24, Clark, S. L. in The Thymus (eds Defendi, V. & Metcalf, D.) 9-32 (Wistar Institute Press, 
Philadelphia, 1964). 
25, Infante, A. J., Atassi, M. Z. & Fathman, C. G. J. exp. Med. 184, 1342-1356 (1981). 
26. Shigeta, M. & Fathman, €. G. Immunogenetics 14, 413-422 (1981). 
27. Kimoto, M. & Fathman, C. G, J exp. Med, 182, 759-770 (1980). 


___—_—_—— 
Growth regulation of a cellular tumour 
„ antigen, p53, in nontransformed cells 


+ Nancy C. Reich & Arnold J. Levine 


Department of Microbiology, School of Medicine, 
Health Sciences Center, State University of New York 
at Stony Brook, Stony Brook, New York 11794, USA 


emcee enh nero ee 


Many transformed cells in culture have been found to express 
elevated levels of a cellular tumour antigen, termed p53'-*, 
This protein has also been implicated in the regulation of cellular 
growth'’"!?, For these reasons experiments were designed to 
examine the expression of p53 as quiescent cultures of nontrans- 
formed 3T3 fibroblasts were stimulated to reenter the cell cycle. 
Synchronous populations of cells were obtained by releasing a 
culture from density-dependent inhibition of growth with the 
addition of fresh serum?3. Steady-state levels of p53 protein 
and mRNA were measured as a function of time after addition 
of serum to quiescent cultures and the rate of synthesis of p53 
ppiotein was analysed at a number of time points. The results, 
“reported here, demonstrate an increase in the synthesis and 
steady-state levels of p53 protein and mRNA prior to DNA 
synthesis in late G,, and suggest a role for p53 in the progression 
of cells from a growth-arrested state to an actively dividing state. 
Confluent monolayers of 3T3 cells were stimulated to enter 
S phase by a serum deprivation/addition regime described in 
the legend to Fig. 1. Steady-state levels of p53 were analysed 
at various times after serum addition. p53 was immunoprecipi- 
tated from cellular extracts, electrophoresed in polyacrylamide 
gels and identified by the Western blotting technique'* (Fig. 1). 
By 6h after serum addition there was a marked increase in the 
levels of p53 and just before entry into S phase the levels had 
increased by 10-20-fold. In this experiment 75% of the cells 
entered the S phase as detected by autoradiography of cell 
~» cultures after “H-thymidine incorporation. 
-y To examine whether the elevation in p53 levels after serum 
dition was due to increased synthesis of the protein, cul- 
tures were pulse-labelled with *°S-methionine. p53 was 
immunoprecipitated from cellular extracts and electrophoresed 
in acrylamide gels. In the experiment in Fig. 2, the level of 
labelled p53 protein increased by fivefold within 11 h after the 




















addition of fresh serum. It then appeared to decrease slightly 
as the cells progressed through DNA synthesis. These results 


Suggest that the increase seen in Steady-state levels of p53 


Mot merely to. accumulation of the 


_ protein is due to an increase in the rate of synthesis of p53 and 
protein. However, there 


oe appears to bea difference in the relat 
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-= To determine whether the increase in p53 protein an 
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Fig. 1 Western blot analysis of p53 protein levels after seram - z 
stimulation of 3T3 cells. a, Autoradiogram of p53 Western Blot 
showing times after serum stimulation: M indicates molecular. . 
weight size markers: n indicates immunoprecipitation with a con- ae 
trol monoclonal antibody (2A6)?? 18h after serum addition. ho o 


Graphic representation of relative levels of p53 protein and actin _ 


protein (from densitometer scan of autoradiograms); and °H- 
thymidine incorporation, OES 
Methods: Synchronony was induced in Swiss 3T3 cells by replacing 

the media of confluent monolayers with median containing 0.5% 
fetal bovine serum for a period of 15-20 h. Cultures were then > 





stimulated to enter DNA synthesis by the addition of 15% serum, ee 
Cellular extracts were prepared at various time point after serum ee 
addition. P53 protein was immunoprecipitated from the same Le 
amount of total cellular protein from each sample (2.3 ing) with o — 
an excess of anti-p53 monoclonal antibodies, PAb42132!. oe 
[mmunoprecipitates were electrophoresed in SDS-polyacrylamide 
gels and processed for Western blot hybridization essentially as o 


described by Burnette!*. Proteins in the gel were electrophoreti- 
cally transferred to a sheet of nitrocellulose. The immobilized ee 
antigens were visualized by incubation with PAb4?1 antibodies 
and the subsequent binding of !7*I-labelled Staphylococcus aureus: 
protein A. Total cellular protein (0.1 mg) from each time point 
was analysed for actin protein by a separate Western blot hybridiz-. 
ation. Equal amounts of protein were electrophoresed in SDS gels 
and transferred to nitrocellulose!*, Actin protein was detected 
after reaction of the nitrocellulose with murine anti-actin anti- 
bodies (gift of D. Welsh), followed by goat anti-murine antibodies. 
and '**I-labelled Staphylococcus aureus protein A. The onset of © 
DNA synthesis was measured by metabolic labelling of duplicate 
cell cultures with 5 pCi m [Me-*H]thymidine for 20 min and 
analysing trichloroacetic acid ( TCA) precipitable radioactivity: 


p53 and the time of appearance of this increase compared with — 


the results of the Western blotting experiment. This difference 
may reflect a lower sensitivity of the in vivo metabolic labelling — cee 
technique or an accumulation of the protein due to increased. Ne 


Stability. ee 
To test for the possibility of an increased stability of p53. 
protein in late G,, the half life of p53 was exa Hee 


chase experiments. The data presented in Fig. 3 show that either a 
early or late in G, the half life of p53 is approximately 25 min. 


The half life was the same as late as 20 h after serum addition 
(data not shown). Stability of this protein, therefore does not | 





Since the increase in the Steady-state levels of p53 appeared 


to be due to increased synthesis and not merely to accumulation i 
of the protein, the levels of p53 mRNA were examined during 
3T3 cell serum stimulation. The p53 mRNA species were iden- i 
using a nick-translated 


5 


tified by Northern blot hybridization? 
p53 specific cDNA clone as a probe!® (Fig. 4a). A single 
poly(A)” mRNA species was detected migrating just ahead of © 


an 18S rRNA marker. p53 mRNA levels were seen to increase __ i 
by 6-7 h after serum addition and achieved a 10-20-fold increase _ i 
just before the S phase. The transcripts of two other genes were A 
also analysed over this time course (Fig. 4b). The levels of Po 


-actin mRNA were low at the time of serum addition, but — 
rapidly rose (by 3 h) and remained relatively constant. Histon 
H3 mRNA expression was tightly linked to DNA synthesis, a 
has been reported previously’, ious 


was independent of entry into S phase, a serum stimula 
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Fig.2 p53 protein synthesis after serum stimulation of 3T3 cells. 
Autoradiogram of SDS polyacrylamide . gel showing . p53 
immunoprecipitated from cells pulse-labelled 0.5, 3, 7, 11, 14 and | 
20 h after serum additions. n Indicates immunoprecipitation with 
control serum”? : 8 i 
Methods: After synchronization as described in the legend to Fig. © 
1, BALB/c 3T3 cell cultures were pulse-labelled with 339- 
methionine for 20 min at various times after serum addition. Cell 
extracts were prepared and the same amount of TCA precipitable 

- radioactivity from each time point was reacted with anti-p53 mono- 
clonal antibodies. The immunoprecipitates were analysed on SDS- 

polyacrylamide gels’. 





ar 
chase period (minutes) 





Fig. 3 The graph shows a pulse-chase analysis of p53 half life 

D e | during serum stimulation of 3T3 cell. Graphic representation of 
experiment was performed in the presence of 1.5mM the intensity of p53 protein signal: O, cultures labelled at 2-3 h;, 
hydroxyurea. This DNA synthesis inhibitor did not affect the x, cultures labelled at 12-13 h. tz Indicates time of chase when 


Dee | : ; , ; half the initial labelled p53 protein is present. Also shown are 
3 are eet p53 protein and mRNA levels seen in the autoradiograms of pulse-chase experiment. Left lane is 


immunoprecipitation with control serum. Sequential lanes are p53 





The results of , these studies demonstrate a regulated specific immunoprecipitations at 5, 10, 15, 20 and 60 min of chase. 
expression of p53 in nontransformed 3T3 cells. After experi- a, 3h post-serum; b, 13h post-serum. | 
mentally inducing synchrony by serum-mediated stimulation of Methods: Synchrony was induced in Swiss 3T3 cells (legend te 
quiescent cells (Go/ G,) the levels of p53 protein and mRNA Fig. 1) and at either 2 or 12h after serum addition, cultures were 
are found to increase dramatically in late G4. The increase in pulse-labelled with **S-methionine for 1 h. The cultures were then 
p53 mRNA abundancy is probably responsible for the elevation rinsed extensively in nonradioactive medium with an excess of 


methionine and incubated in this medium for the indicated time 

periods (chase). The same amount of TCA precipitable radioac- 

tivity was used from each sample for immunoprecipitation of p53 
and analysis by SDS gels’. 


in p53 protein levels since the half life of p53 remains very brief 
(25 min) both early and late in G,. The time of elevated 
expression of p53 may therefore correlate with a time of func- 
tional activity of the protein. As with all synchronization pro- 
tocols, the synchrony of the population deteriorates with time. 
= For this reason it was difficult to examine precisely p53 | 
. expression after cells progressed into S phase and mitosis. Experiments suggesting a functional importance of the p53 
However, the transition from Go/G, into S phase did reveal a molecule during serum induction of DNA synthesis have been 
10-20-fold increase in p53 expression in late Gy. These results reported by Mercer and co-workers!. Anti-p53 antibodi 
are in agreement with previous studies by Milner and co-workers microinjected into the nuclei of cells near the time of serum ` 
who reported an increase in p53 synthesis after mitogenic stimu- stimulation significantly reduced the percentage of cells entering — 
lation of lymphocytes’. | DNA synthesis, but had no effect if microinjected 4h or later 









Fig. 4 Northern blot hybridization o5 3 7 9 H 
analysis of p53 mRNA levels after 
stimulation of quiescent cells. a, 28S 
Autoradiogram of p53 mRNA. > > 
Northern blot showing time points 
after serum stimulation. The migra- i85 


t6 ; 23 25 hr 





tion of rRNA size markers is indi- > 
cated. b, Graphic representation of BOA! 
relative levels of RNA determined z 
by densitometer tracing of the = 
autoradiograms. > 

fon 


Methods: Cytoplasmic RNA was iso- 
lated from BALB/c 3T3 cells at 
various times after serum stimula- 
tion®. Poly(A)” containing RNA was 
selected by chromatography over 
oligo(dT)-cellulose?®. The same 
amount (1g) of RNA from each aaa 67 Be oe | a o 
time point indicated was denatured in 2.2 M formaldehyde, 50% formamide, 0.2 M MOPS, 50 mM sodium acetate, i mM EDTA, pH 7.0 at 

-70°C for 5 min. The samples were electrophoresed in a 1% agarose-formaldehyde/ MOPS buffered gel. The RNA species were transferred 

` to nitrocellulose and hybridized with nick-translated plasmid DNA pp53-208 16 essentially according to Thomas?” with the omission of dextran 
oplasmic RNA was isolated from Swiss 3T3 cells after serum stimulation: 25 pg of RNA from ~ 


blot hybridization with plasmid DNAs containing cloned B-actin cDNA (pA1)2”, cloned histone 4 a 





0O 3 6 9 2 6 (8 hr 
b time post serum addition 


















rcloned p53 cDN 


i 


NATURE VOL. 308 8 MARCH 1984 
pha nett cl Rend torte LOA 





after serum addition. However, as shown here, the levels of p53 
are very low 0-4h after serum addition and only increase in 
_ late G,. Perhaps p53 function is required continually throughout 
‘y the G, period or at both the G,/G, and G,/S transition periods. 
Ut is also possible that the p53 antigen levels are in excess of 
the binding capacity of the microinjected antibody 4h or more 
after serum addition, thereby overcoming the functional inhi- 
bition. 

It is clear theat p53 expression is regulated in nontransformed 
cells both at the level of protein turnover®, and, during the 
transition from a resting to a growing state, at the level of 
mRNA abundancy. In contrast, transformed cells appear to 





have altered this normal regulation of p53 expression®™!®. The 


SV40 large T antigen has been shown to stimulate cellular DNA 
synthesis on microinjection into quiescent cell cultures'?. Since 
T-antigen complexes with p53 protein in vivo? jt js possible 
that the induction of DNA synthesis is actually signalled by the 
increase in p53 stability and consequently p53 levels. Similarly, 
the higher steady-state levels of p53 found in nonviral transfor- 
mants may signal continuous rounds of cell division and thereby 
prevent the entry into Go. If this hypothesis is correct, the 
altered control of p53 expression would have a key role in the 
altered control of cell division in the transformed state. 
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O*-methylguanine (O meG) lesions of double-stranded DNA 
have been associated with mutation! and neoplastic transfor- 
mation**, These lesions can, in principle, be produced by at 
least three different mechanisms: direct alkylation of G - C base 


my 






_ pairs in double-stranded DNA“’; alkylation of guanine residues __ 





in single-stranded regions of DNA associated with replicatio; 


__ forks"; and alkylation of the DNA precursor pool?” follow 


-by incorporation of O%-methv! deavvonanncina tefmbacnt oo. 
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¿tion of the DNA sequence changes in eight randomly selected. 
mutant R208 progeny showed that all mutations were A:T to- 


















(O°-medGTP) during DNA replication. DNA biosynthesi 
sequent to all three events will generate predominan 
meG -T base pairs as O°meG preferentially pairs with T' 
We show here that O°meG -T base pairs are mutagenic 
transalkylase repair’ ’*-'* has a direct role in the generatio 
mutations induced by alkylated pool nucleotides; and th: 
Escherichia coli mismatch repair system'*'* is capable 
repairing mutagenic G -T intermediates. ae 
The mutagenicity of OfmeG lesions was analysed. usir 
forward mutation assay (Fig. 1), which makes use of the sing 
stranded bacteriophage f1/pBR322 chimaera designate 
R208 `”. The pBR322 insert of R208 carries two selectab 
genes, Amp* and Tet’, which confer resistance to the antibiotics _ 
ampicillin and tetracycline, respectively, on the infected host _ 
bacteria. The single-stranded form of R208 allows the incor- 
poration of modified DNA precursors at any desired region - 
to be investigated by annealing to the appropriate primer _ 
and also facilitates nucleotide sequencing by the dideoxy tech- | 
nique‘, Bere 
To analyse the mutagenicity of O°meG lesions in DNA, | 
O*medGTP (synthesized and purified as described elsewhere!?) 
was incorporated into the Amp" gene of R208 during a pulse 
of DNA replication (‘minus’ strand synthesis, see Fig. 1) to give _ 
predominantly O°meG-T, and a small amount of O’meG-C, 
base pairs'’. This method allowed determination of the | 
mutagenicity of O°meG lesions in DNA without the complica- 
tion of the additional types of lesions formed by directalkylation. 
The pulse of DNA replication in the presence of O’medGTP — 
was followed by a ‘chase’ in the presence of an excess of- 
unmodified dNTPs to convert the primed single-stranded DNA 
to double-stranded molecules, which were used to transfect. 
various ŒE. coli strains (discussed below). Infective progeny _ 
phage (a product of rolling-circle ‘plus’ strand synthesis) were 
collected and screened for their ability to produce an active _ 
ampicillinase (8-lactamase) by the iodine decolorization 5 
method’? modified for plaque assays. Transfer of plaques to 
tetracycline and ampicillin plates was used to quantitate by an 
independent method the percentage of mutants (Ter, Amp’) 
and to isolate mutant clones which had not been subjected to 
iodine treatment for DNA sequencing. nh 
Results obtained with this mutation assay indicate that 
O*°meG lesions do not markedly increase the background muta- 5 
tion rate in repair competent E. coli strains (data not shown). . 
This result is consistent with the repair of OSmeG-T and 
O*meG -C lesions by transalkylase activity to give either a 
wild-type G-C base pair or, more frequently, the mismatched __ 
base pair G-T. Mismatched base pairs are repaired by the FE. 
coli mismatch repair system!®”°, directed by undermethylation 
of GATC sites of the in vitro synthesized nascent strand, which SES 
contains the error°, ogee 
In the absence of mismatch repair G-T mismatches would ~ 
remain in the transfected DNA, so we investigated the effect 
of transfecting E. coli mutH strains?™??, which lack mismatch — 
repair, with O°meG-containing R208 DNA. The results (Table 
1) demonstrate a significant level of O*medGTP-induced : 
mutagenesis in mutH strains. The observed variation in the 
mutagenesis rate with the concentration of unmodified dNTPs 
in the replication pulse (Table 1) is consistent with the DNA ` 
synthesis arrest that can follow O°medGTP incorporation’. 
O*medGTP arrests DNA synthesis when incorporated in vitro > 
at particular DNA sequences. The presence of dATP allows 
synthesis past such potential arrest sites by incorporating in -< 
place of O°medGTP either directly or after O°meG removal at 
arrest sites by the 3'~5’ exonuclease activity of DNA polymerase 
(unpublished results). An equal concentration of dATP and . 
O°medGTP was found to be the most mutagenic—higher con- 
centrations of dATP decrease O°medGTP mutagenesis by com- 
petitively reducing O°medGTP incorporation. The determina~ -> 











C transitions (see Fig. 2 for a representative audioradiogram) = 
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Fig. i Methodology of the mutagenicity assay: Sedai 
R208. DNA!’ was used as a template for in vitro DNA synthesis. 
© A 12 nucleotide primer strand complementary to positions 3,467~ 
-3,4718 (pCAATAAACCAGC). in the ampicillinase gene of 
. pBR322** was treated with polynucleotide kinase and then 
annealed to the template by incubation with a 20-fold excess of 
` primer at 25°C for 20 min in buffer containing 100 mM NaCl, 
10 mM Mg?*, 1.0 mM B-mercaptoethanol, and 20 mM Tris-HCI 
pH 7.4 (step 1). The annealed primer/template was then used for 
| in vitro Poran anon reactions (steps 2 and 3). The pulse reac- 
l ), 13 mM 
Mg”, 1.0mM_ dithiothreitol (DTT), 80mM NaCl, 10pM 
200 O®medGTP (where indicated in Table 1), equimolar concentra- 
oe tions of all four normal dNTPs as indicated (Table 1), 13mM 
Tris-HCI! pH 7.4 and the Klenow fragment of DNA polymerase I 
(0.6U pl”). Separate pulse reactions were continued for 2 min 
and 10 min at 24 °C, and then an equal volume of ‘chase’ mix was 
added containing 1.1mM each normal dNTP, 6.6mM Mg?” 
1.0 mM DTT, 50 mM NaCl, T, polynucleotide ligase (0.2 U pI Ly, 
Klenow enzyme (0.08 U pI), and 6.6 mM Tris-HCI pH 7.4 (step 
3), and incubation was continued for a further 10h at 24 °C. For 
ae transfection (step 4) the 2 min and 10 min polymerase pulse reac- 
- tions were pooled, diluted 15-fold with 50 mM Tris-HCI pH 7.6, 
and desalted through Sephadex G-25-80. E. coli strains were 
prepared for transfection by the CaCl, method as described pre- 
os viously’’. 75 pl of filtrate containing about 1.5 pg of DNA were 
> added to 100 ml of cells on ice for 15 min. After 1 min at 45°C, 
TYE media (1.8 mi) were added and cultures were incubated at 
37°C, Infected centres were plated at 18 min and progeny phage 
plated after 3h. E. coli strain K38 *° (provided by B. Webster) 
-was used as an indicator strain. Phage stocks were prepared by 
centrifugation at 10,000 r.p.m. for 5 min. The decanted super- 
natant was stored at 4°C. In step 5 progeny phage were tested 
for the mutant phenotype (Tet Amp"). For rapid screening a 
modification of the method of Boyko and Ganschow’? was used. 
Plaque assay plates containing 1.5% starch in the top agar were 
flooded with 2.0 ml of iodine assay solution as described’’. Plaques 
formed by wild-type phage decolorize the stain while mutant phage 
plaques remain dark and are easily identifiable. For isolation of 
-mutants for sequencing, plaques were toothpicked onto tetracy- 
cline plates (10 pg ml~') and, after growth, were replica-plated 
onto ampicillin plates (S00 pg ml~'). Mutant progeny (Tet Amp’) 
were amplified and the DNA isolated and sequenced by standard 
techniques (steps 6 and 7). 


= jntermediates: 


Transalkylase repair Replication 


OfmeG: T G:T G:C 
-c The presence of only A-T to G-C transitions is consistent 
with transalkylase-mediated conversion of OfmeG -T lesions to 
`<- mutagenic G-T intermediates. To investigate the role of the 
‘adaptive response’ in the establishment of O°medGTP-induced 
> mutagenesis we transfected strains deficient in transalkylase 
activity with O°meG-containing DNA. These E. coli ada strains, 
P33, PJS and PJ6****, are sensitive to both the mutagenicity 
and toxicity of methylating. agents. They have been shown to 
k the adaptive response in the order PJ6<PJ3<PJ5< 
ital strain. by mutability with N-methyl-N’-nitro-N- 
oguanidine (MNNG)”*. Transfection of E. coli ada strains 
O*meG-containing. ‘R208 DNA showed increasing 
genesis with decreasing capacity for the adaptive response 
ble 1). 
itagenesis i in tiansalkylase-deficient strains was postulated 
he result of the inherent ambiguity of the unrepaired 
G lesion, which has been predicted to give heen 
els of A-T to G:C and G-C to A-T transition mutations!” 
wever, all 15 nucleotide sequence changes identified in 
-mutants isolated from the ada strain least capable of the adap- 
ve response”*?*, PJ6, were A-T to G-C transitions (data not 
shown), which may be due to constitutively expressed transalkyl- 
‘ase activity. A reduced cellular capacity for induction of trans- 
alkylase repair may allow sufficient time for in vivo. methylation 
‘of the nascent, undermethylated strand by dam methylase*® 
Prior to transalkylase repair. In the absenc 
n*° transalkylase repair of O°meG 
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rectable G- T intermediates, and so A:T to G -C transitions will 
predominate. In addition, preferential repair (either transalkyl- 
ase or direct mismatch correction) of O°meG-C lesions could sg, 
also play a part in the elimination or reduction below detectabPaaq_ 
levels of G:C to A-T transition mutations. i 

To confirm the effect of mismatch repair attenuation in a 
transalkylase deficient strain, R208 DNA was methylated in 
vitro using dam methylase prior to transfection of the ada 
strains. Fully methylated GATC sites effectively eliminate mis- 
match repair*°. As observed in mutH hosts, lack of mismatch 
repair should increase O°meG-induced mutagenesis. Dam 
methylation of R208 DNA increased the mutation rate in the 
ada strains, their parental strains and the mutH parental strain 
three- to six-fold (Table 1), but had no effect on the mutH 
strain as it already lacked mismatch repair. When five sequence 
changes were located in dam methylated-R208 mutants isolated 
from PJ6, again all changes were A-T to G-C transitions (data 
not shown). 

Our findings demonstrate that O°meG lesions in DNA ca 
give rise to mutations in vivo via G- T intermediates. This result 
suggests that introduction of this lesion into DNA by the incor- ` 
poration of O°medGTP from the alkylated precursor pool can __. 
initiate a molecular pathway | for A: af to G- c transition muta- 














at a given site after ci trequenily than to “high ¢ concentrations: ol ns i 
MNNG?”, direct alkylation of single- or double-stranded DNA 
at low levels of mutagen, insufficient to saturate transalkylas y 
OfmeG -C base pairs should be der fn 

G-C base pairs 
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Table 1 Mutagenicity of O’medGTP 


ontario 
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% Mutantst 
Ratio of - 


enotype of host strain* dNTPs (uM) +10 uM O®medGTP -O medGTP % mutants +O°medGT 
mutH 0.01 0.3+0.2 0.2+0.2 i 
mutH 0.1 0.4+0.3 O.2+0.1 . 2 
mutH 0.5 11+0.4 0,240.2. 6 
mutH 1.0 1.4+0.2 0.3+0.3. 5 
mutH 10 1.9+40.8 0.1401 19 
mutht 50 - 0.3 0.4 i 
mutH 200 0.3 0.1 3 
Methylated Unmethylated Ratio methylated: unmethylat 
ada parent 10 © L6 0.27 0.1 6 
ada-5 10 1.6 0.45 ND 4 
ada-3 10 1.9 0.58 ND 3 
ada-6 10 2.8 1.1 ND 3 
mutH parent 10 0.84 0.20 0.20.14 4 
mutH 10 2.3 2.1 : ; 1 





Indicated methylation was carried out in vitro with purified dam meth 


methionine was used. Dam methylase was omitted from control reactions. ND, not determined; mutation rate was assumed to be at the back 


level observed for the ada parent. 


* Strains used: mutH, RH213 2! (provided by B. Bachmann) and KMBL3773 and its parent KMBL 3752 22 (provided by P. Modrich): 
P. 


3 


PJ5, PJ6 and their parent AB1157 (provided by B. Sedgewick). 


t Range, where given, indicates an average of three experiments (two with KMBL 3773 and one with RH213). 
t Average of five experiments with KMBL 3752 (mutH parent) or KM 


Fig. 2 Audioradiogram of rep- 
resentative DNA sequencing run. 
Shown are the A and G lanes for 
wild type (lane 1), mutant 10-1 
(lane 2), and mutant 6H-19 (lane 
3). Arrows indicate positions of A 
to G transition mutations in mutant 
10-1. Numbers indicate the 
PBR322 coordinate”? of the muta- 
tions. Mutant 6H-19 was wild type 
in the region shown. C and T lanes 
(not shown) were also wild type for 

both mutants. 4 





= -of single-strand DNA should yield G-C to A-T transitions 

_ whether or not OfmeG - T base pairs are converted to G. T base 
_ pairs by transalkylase. O°meG-T base pairs resulting from 
O*%medGTP incorporation will yield A-T to G-C transitions 
upon demethylation by transalkylase as demonstrated above. 
The relative contribution of these two mutagenic pathways at 
low mutagen levels is unknown. 
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Formation of the 3’ end of © 
histone mRNA by — Sony ee 
post-transcriptional processing _ : Gee 


P. A. Krieg & D. A. Melton 


Department of Biochemistry and Molecular Biology, Pia 
Harvard University, Cambridge, Massachusetts 02138, USA, 
memes: 

The specific 3’ termini of a number of eukaryotic mRNAs have 
been shown to be generated by the post-transcriptional process- 
ing of primary transcripts or pre-mRNAs'“. The sequen 
AAUAAA, present in the 3’ region of nearly all eukaryot 
mRNAs, appears to be involved in the cleavage and su bsequel 
polyadenylation of the primary transcript“. An exception to this 
general rule is the case of the histone mRNAs, which lack the 
AAUAAA sequence and are not normally polyadenylated 
Histone mRNAs do, however, contain a highly conserved : 

base pai termini®, which is requ 
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_ transcription terminators? has led several investigators to sug- 
` gest that the specific 3’ end of histone mRNA is formed by 
sharre of pec sci ®, So far, however, anman 


scription termination aec hanim for the formation of histone 
“mRNA 3’ termini. We have investigated this issue by synthesiz- 
_.. ing in vitro unprocessed histone pre-mRNAs that extend past 

` the normal 3’ terminus. These in vitro synthesized pre-mRNAS 
_ were injected into frog oocyte nuclei to study their fate. The 

- . results demonstrate that correct 3’ ends of chicken histone H2B 

<= mRNAs can be formed by RNA processing of longer synthetic 

=, preemRNAs. 

2o: Previous studies have shown that authentic sea urchin H2A 

- and H2B histone mRNA are produced when the sea urchin 

_ histone DNA repeat is injected into oocyte nuclei'’. The present 
experiments have been performed with a chicken histone H2B 
gene. This gene was inserted into a vector containing a bac- 
teriophage SP6 promoter, generating the hybrid plasmid pSP62- 
H2B shown in Fig. 1. The chicken H2B DNA portion of this 
plasmid contains about 100 base pairs (bp) of 5° flanking region, 
including the TATA box and other conserved promoter sequen- 
ces®, and ~ 1,400 bp of 3’ flanking sequence. This plasmid serves 
a dual purpose in our experiments: First, nascent histone mRNA 

transcripts can be synthesized in vivo from the histone promoter 

_ when pSP62-H2B DNA is injected into oocyte nuclei. Second, 

__» pSP62-H2B can function as a transcription template for the in 
vitro synthesis of histone H2B pre-mRNAs using the SP6 pro- 

moter and purified SP6 RNA polymerase ** 

To determine whether the chicken histone gene can direct 
the synthesis of authentic histone mRNA in frog oocytes, the 
plasmid pSP62-H2B was injected into oocyte nuclei and total 
RNA was extracted and analysed by S, nuclease mapping 18 h 
later (Fig. 2). From the sequence of the chicken histone H2B 
gene’* we predicted an S,-protected fragment of 116 bases if 
the 5’ end of the histone transcript is correctly initiated in 
injected oocytes. Correct formation of the 3’ end of the histone 
transcript should result in an S,-protected fragment of 87 bases. 
Both of these predicted S, fragments are indeed observed as 
major bands when pSP62-H2B DNA is injected into oocytes. 
These bands are not observed when uninjected oocyte RNA is 
analysed (Fig. 2). The pSP62-H2B transcripts do not appear to 
be polyadenylated after 18h as judged by oligo-dT cellulose 
chromatography (data not shown). 

Bands at the position of fully protected probe (217 or 143 
bases) indicate the presence of readthrough transcripts, probably 
resulting from transcription initiation within the vector sequen- 

= ces of the plasmid rather than at the chicken histone promoter. 
<: These readthrough transcripts have not been mapped, but have 
~~ been observed in many other oocyte injection experiments 

_ (reviewed in ref. 15). 

: ‘The 5’ and 3’ termini of authentic chicken histone H2B mRNA 
>. have not been directly mapped, but the highly conserved nature 
_of histone genes allows the 5’ and 3’ ends of the natural histone 

aRNAs to be predicted with confidence. The 5’ ends of histone 
‘As map within a conserved region that has the consensus 
sequence CCATT'®!”. Moreover, S, mapping experiments'® 
] sequencing of histone cDNAs!*!? have shown that histone 
ARNAS- end with the sequence ACC(C)A. This terminus is 
ated at the 3’ end of the 23 base histone mRNA 3’ consensus 

equence. The transcripts produced in injected oocytes (Fig. 2) 
‘have 5’ and 3’ termini that are entirely consistent with these 
: predictions. We conclude that oocytes initiate transcription at 
the correct position on chicken histone genes and, more per- 
ently, the resulting histone mRNAs contain correct 3’ termini. 
These conclusions are in complete agreement with R. Sturm’s 
E unpublished studies on chicken histone H2B expression in injec- 

sd oocytes and with the extensive studies of Birnstiel and his 

mes on sea urchin histone genes’? 
-it-has been demonstrated that the conserved sequence 
. adjacent to the 3 end of histone mRNA is involved in 3’ 














































minus. formation’, no ex; yerimental evidence has yet. been. 
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Fig. 1 Transcription map of the chicken H2B gene-containing 
plasmid pSP62-H2B. RNA transcription in vitro directed by the 
SP6 promoter initiates ~140 bp upstream of the authentic H2B 
mRNA initiation site. In vitro transcripts of sizes 700 and 1,100 
bases are synthesized using pSP62-H2B templates cut with Ahalll 
(A) and Sacll (S) respectively. Plasmid pSP62-H2B was construc- 
ted by inserting a promoter of the Salmonella typhimurium bac- 
teriophage SP6 into the vector pSP62 (an Amp gene-containing 
derivative of a previously described SP6 vector’*), and inserting as 
downstream from this promoter a 1.9 kb ae of chicken j~—~q 
histone DNA isolated from clone ACHO5** 
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Fig. 2 Transcription of chicken histone DNA in microinjected 
oocytes. The figure shows the results of S, nuclease mapping of 
the 5’ (a) and 3’ (b) ends of RNA transcribed from pSP62-H2B 
in Xenopus oocytes, using the probes shown below the gels. Lanes 
1, undigested **P-labelled probe; lanes 2, labelled probe mixed 
with uninjected oocyte RNA and digested with S; nuclease; lanes 
3, S; nuclease digested probe protected with RNA extracted from 
oocytes injected with pSP62-H2B; lanes 4, **P-labelled markers. 
In the diagram below the gels the asterisks mark the **P-labelled 
ends of the probes, and Bs indicate BstE II sites on pSP62-H2B. 

Methods: Approximately 5ng of pSP62-H2B DNA was injected 
into Xenopus oocyte nuclei, which were then incubated for 18h | 
and RNA was extracted from them as described previously?’. The =- 
5’ and 3’ probes were labelled at BstEI sites within the H2B cai igh 























| “Fig. 3 a, In vitro synthesis of chicken H2B pre-mRNA, Lane 1, 
'*?P.labelled markers; lane 2, transcription from pSP62-H2B cut 


b, Processing of in vitro transcribed H2B pre-mRNAs in injected - 


Xenopus oocyte nuclei. Lane 1, 32P-labelled S; probe (3’ probe 


shown in Fig. 2); lane 2, S, digested probe mixed with uninjected _ 


oocyte RNA; lanes 3-7, S, digested probe that had previously 
been mixed with: lane 3, uninjected 1,100 base transcripts; lane 
4, uninjected 700 base transcripts; lane 5, RNA from oocytes 


Methods: For a, the transcription reactions were performed at 


37°C for 1h with 1 wg of linear DNA and 4 U of purified SP6 - 


RNA polymerase in 50 wl of the following solution: 40 mM Tris 
HCl, pH 7.5, 6 mM MgCl, 10mM dithiothreitol (DTT), 2 mM 
spermidine, 50U RNAsin, 400 pmol of eath ribonucleoside 
„_ triphosphate, 10 wCi [a-*2P]GTP. Vanadyl ribonucleoside was 





(20 ug ml~’) at 37 °C for 10 min. After phenol:chloroform extrac- 
tion 1-3 pg of the **P-labelled RNA was purified by Sephadex 
G100 chromatography. For all in jection experiments a 5’ cap was 
added to the RNA with guanylyl transferase (5.6 U) at 37°C for 
45 min in 50 mM Tris-HCl, pH 7.9, 1.25 mM MgCl, 2.5 mM DTT, 
504M S-adenosy! methionine, 500 M GTP, 30 U RNAsin. The 


in vitro transcripts were run on a 1.8% agarose gel containing ; 
formaldehyde. For b, 2 ng of in vitro transcripts were injected into E 
Xenopus oocyte nuclei, and after a 4 h incubation RNA was extrac | 


__ ted and S, nuclease mapped as described in the legend to’ ig. 2. 


_. The products of the S, di stions were run on a 10% denaturing 
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then added to 10 mM, and the DNA template digested with DNase _ 


transcripts are injected into oocyte nuclei. These data show t 
correct 3° ends of histone mRNA may be formed : 
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Fig. 4 Association of the 3' processing activity with the oocyte 
nuclei. Lane 1, “*P-labelled markers; lane 2, **P-labelled probe 
(same as in Fig. 36); lanes 3-7, S, nuclease digested probe mixed 
with: lane 3, uninjected oocyte RNA; lane 4, uninjected 1,100 _ 
base RNA; lane 5, RNA from nucleus-injected oocytes: lane 6, 
RNA from cytoplasm-injected oocytes; lane 7, RNA from pSP62- ee 
H2B injected oocytes, wee 
Methods: 2 ng of in vitro transcribed H2B pre-mRNA were injec” 
ted into either the nucleus or cytoplasm of Xenopus oocytes, and 
after a 4h incubation the RNA was extracted and S; nuclease o> 
mapped as described in Fig. 2 legend. The S, digestion products: ieee 
were run on a 6% denaturing acrylamide Bele es 





post-transcriptional processing. If the 3’ end is normally formed —__ 
by RNA processing, the substrate for that reaction should bea 
histone pre-mRNA containing a 3’ end that extends beyond the 
3" terminus of the mRNA. In order to distinguish between these. 











these into oocytes to test for 3’ processing. 

Two different histone pre-mRNAs were synthesize 
SP6 transcription system??? One of the DNA 
templates was prepared by cutting pSP62-H2B. 


Sacll site which is located ~460 bp downstream from th 

of the histone H2B gene. The second template wa: 
by cutting pSP62-H2B at t ' 
76 bp downstream from th 
tion of these two linear D 







the synthesis of rn 
bases long, respectively (Fig. 3a). For convenience we ref 
these in vitro synthesized RNAs as histone pre-mRNAs, 


site and 76 or 460 extra bases at the 3’ end. In separa 
experiments, both in vitro synthesized histone pre-mRNAs wer 
injected into oocyte nuclei and the RNAs were subsequ 

analysed by S, nuclease mapping. Figure 3b shows tha 
base S, protected fragment, indicative of correct 3’ en 


tion, is present when both the 1,100 and 700 base pr 











anscriptional processing and that 3" end formation: 
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The 700 base pre-mRNA appears to have been processed 


more efficiently than the longer transcript though in neither 
~ case are all the injected molecules processed. Subsequent time- 
course studies have shown that all the observed 3’ processing 
occurs within 4 h after injection (data not shown). We find that 
» both the pre-mRNA and the correctly 3’-cleaved RNA are quite 
stable in injected oocytes, though we have not carefully 
-` measured their half lives. Possible explanations for the incom- 
-plete processing of the injected RNA include the fact that a 
_ relatively large amount of pre-mRNA (2 ng) is injected in these 
experiments and this may exceed the oocyte’s normal processing 
< capabilities. Alternatively, the oocyte’s 3’ processing activity 
-may be confined to the nucleus, in which case once pre-mRNAs 
-teave the nucleus they may not be further processed. 

To directly test whether 3’ end formation occurs in the nucleus 
or the cytoplasm, the 1,100 base pre-mRNA was injected into 
either the nucleus or the cytoplasm and analysed as above. The 
results presented in Fig. 4 show that correct 3' end formation 
is observed only when the pre-mRNA is injected into the 
nucleus. The pre-mRNA injected into the cytoplasm is stable, 
but not processed. Thus, as previously shown for splicing 
activity!?2°, the 3’ processing activity is associated with the 
nucleus. l 

In this report we have demonstrated that the oocyte can form 
correct 3’ termini of histone mRNA when a longer, in vitro 
synthesized precursor RNA is injected into the oocyte nucleus. 
| This shows that that histone mRNA 3’ ends may be formed by 
~ a mechanism other than termination of transcription. The pro- 

-cessing of the precursor RNA to give authentic 3’ termini was 
= only observed when the RNA was injected into the nucleus, 
< and while this does not prove that the processing actually occurs 
within the nucleus, it does show that a nuclear component is 
absolutely required. These results agree with the studies of 
Birnstiel and his colleagues who have recently shown that a 
small nuclear ribonucleoprotein (snRNP) isolated from sea 
urchin embryos is required to generate the correct 3’ ends of 
‘histone H3 transcripts'°?. Our results suggest that this saRNP 
is not a ‘termination’ factor'°*, but rather acts at the level of 
RNA. processing. 

It remains possible that the 3’ end of histone mRNA is also 
formed by termination of transcription, but the presence of an 
activity in the oocyte nucleus that is able to process longer 
histone transcripts to give accurate 3’ ends is sufficient to account 
for the synthesis of histone mRNAs. We suggest that histone 
mRNAs are normally formed from pre-mRNAs which extend 
beyond the end point of the mRNA and which are cleaved to 
generate mature 3’ termini. 

We thank J. R. E. Wells and R. Sturm for the chicken histone 
H2B gene and unpublished restriction mapping data, and M. 
Green, T. Maniatis, G. Struhl and J. R. E. Wells for comments 
on the manuscript. This work was supported by grants from the 
Dreyfus Foundation, the Chicago Community Trust/Searle 
» Scholars Program, and the NIH. P.K. is the recipient of an 
= Australian CSIRO Postdoctoral Research Award. 
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Angiotensin modifies a number of functions of the central 
nervous system (CNS) including blood pressure regulation, 
thirst, and the secretion of the antidiuretic and adrenocor- 
ticotropic hormones. Whereas peripheral administration of 
angiotensin produces these effects, accumulating evidence 
implicates a brain angiotensin system which operates indepen- 
dently of the circulating renin—angiotensin system (reviewed in 
refs 1-3). All components of the renin-angiotensin system have 
been identified in the brain, but there is considerable con- 
troversy over whether these components are synthesized in the 
brain or derived from plasma and the extent to which these 
components interact to generate angiotensin in the brain in 
vivo’. Whereas many different enzymes are able to cleave 
angiotensinogen (renin substrate) to release angiotensin I (AI) 


or angiotensin I (All)**""’, angiotensinogen is the only known” >* 


precursor of Al and AIL. Definitive evidence for an independe; 
brain angiotensin system requires the demonstration that this 
brain synthesizes an angiotensin precursor. Here we report the 
identification of angiotensinogen mRNA in rat brain by cell-free 
translation and show that the brain angiotensinogen precursors 
are identical to those previously identified for liver’, the source 
of plasma angiotensinogen. 

There is convincing evidence that angiotensinogen is present 
in the CNS'*25. However, the origin of brain and cerebrospinal 
fluid (CSF) angiotensinogens and their relationship with plasma 
angiotensinogen are not known. Several studies of CNS 
angiotensinogen have provided indirect evidence for local 
synthesis'©'”!°?? but they have not excluded the possibility 
that it may be derived from plasma by an actively regulated 
process’”. We sought evidence for synthesis of angiotensinogen 
by brain using the technique of cell-free translation of brain 
RNA. Angiotensinogen is distributed widely throughout the 
CNS and has been measured in all areas of the brain’??? 
Several studies have suggested that nephrectomy and glucoco er 
ticoid administration, two well-characterized stimuli of liver 
angiotensinogen synthesis, may also increase brain and CSF 
levels of angiotensinogen'®'”°. Thus we prepared RNA from 
the whole brains of both normal rats and rats which had been 
nephrectomized and given dexamethasone 24 h prior to sacrifice 
(Nx/ Dex rats). 

We have previously shown by cell-free translation of liver 
RNA that rat liver synthesizes two angiotensinogen precursors, 
a major precursor molecular weight (MW) 52.5 K and a minor 
precursor MW 55.7K'*. Fig. 1 shows. that identical precursor 
forms of angiotensinogen to those previously characterized for 
rat liver were immunoprecipitated from cell-free translations of 
rat brain RNA. Moreover, the relative abundance of the two 
precursors was similar for lysates primed with RNA from brain 
and liver. In three separate experiments, there was a sma 
increase in the relative abundance of angiotensinogen precursors. 
immunoprecipitated from cell-free translations of brain RNA 
from Nx/Dex rats compared with normal rats (Fig. 1, lanes 2 
and 6) which was less than twofold (compare Fig. 1, lane 2 with 
lane 8). For the experiment shown in Fig. 1, translations were. 
performed with 360 pg ml”? brain RNA. Similar results were 
obtained in experiments performed with 180 pg mi’ RNA, a 
concentration which produced less than maximal stimulation of 






translation. In contrast to the result shown for brain RNA, there 


was a large increase in translatable levels of angiotensinogen z 


mRNA in livers of 
(Fig. 1, inset): 


Nx/Dex rats compared with normal rats 
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Fig. 1 Immunoprecipitation of angiotensinogen precursors from 
reticulocyte lysates primed with brain RNA prepared from 
nephrectomized, dexamethasone-treated (Nx/ Dex} rats (lanes 1- 
4), brain RNA from normal rats (lanes 5-8) and liver RNA (lanes 
9-10). *°S-methionine-labelled immunoprecipitates were resolved 
by SDS-polyacrylamide gel electrophoresis (SDS-PAGE) and 


w examined by autoradiography; exposure time 4 days. 


immunoprecipitation was performed with either nonimmune rab- 
bit serum (lanes 1, 3, 5, 7, 9) or angiotensinogen antibody ORNI 
(lanes 2, 4, 6, 8, 10). Lanes 1, 2, 5, 6, immunoprecipitation of 
0.8 10° trichloroacetic acid (TCA)-insoluble c.p.m.; lanes 3, 4, 
7, 8, immunoprecipitation of 1.6 x 10° TCA-insoluble c.p.m.; lanes 
9, 10, immunoprecipitation of 1.8 x 10° TCA-insoluble c.p.m. The 
numbers on the right side of the autoradiograph indicate the 
molecular weight (x 107+) of the angiotensinogen precursors based 
on their migration relative to the molecular weight standards 
(Bio-Rad) shown on the left side of the autoradiograph. Inset: 
Immunoprecipitation with antibody ORNI of reticulocyte lysates 
primed with RNA prepared from liver from a normal rat (lane 
11) and a Nx/Dex rat (lane 12). Each lysate contained approxi- 
mately 400 ug ml~' RNA and showed similar translation efficiency. 
Both lanes show the immunoprecipitation of 4.5 10° TCA- 
insoluble c.p.m.; exposure time 12 days. 

Methods: All tissues were obtained from male Wistar rats (body 
weight ~300g) fed a normal diet. RNA was prepared from the 
pooled brains (including anterior pituitary and cervical spinal cord) 


«Of four normal rats and four rats which had been nephrectomized 


and given dexamethasone sodium phosphate (Merck, Sharpe & 
‘Dohme, 7mgkg™') by subcutaneous injection 24h prior to 


sacrifice. Liver RNA (lanes 9, 10) was prepared from a rat which 


had been nephrectomized and given dexamethasone sodium phos- 
phate (7 mg per kg), 17-alpha-ethynyloestradiol (3 mg per kg), 
3,3',5-triiodo-L-thyronine (40 pg per kg) and 0.15 M NaCl 
(100 ml per kg) by subcutaneous injection 24h prior to killing. 
This procedure produces maximal stimulation of liver 
angiotensinogen production. RNA was prepared by the following 


modification of the method of Chirgwin et al. After the second 
ethanol precipitation from 7.5M guanidine hydrochloride, the . 
RNA precipitate was washed once with 70% ethanol in water at — 


~20 °C, then digested with proteinase K (0.2 mg ml! in 10 mM 
Tris HCl, pH 7.6, 0.5% SDS) at 37 °C for 60 min. The RNA was 
then extracted with phenol, precipitated thrice with 3M sodium 
acetate, pH 6, and finally from 0.3M sodium acetate, pH 5.2 with 
2.2 volumes of ethanol at —20 °C as described previously'*. The 
recovery of RNA from brains of normal rats (363 ugg’, wet 
weight) and Nx/Dex rats (375 pg g`’, wet weight) was similar and 
both RNA preparations showed identical translation efficiency with 
half maximal stimulation of translation at 120 wg mi”? and maximal 


stimulation at 360 g mi RNA. Recovery of liver RNA was 


Smgg ', wet weight. Maximal translation efficiency with 
480 ug ml”! liver RNA was approximately twice that achieved 
with brain RNA. The methods used for cell-free translation using 


nuclease-treated rabbit reticulocyte lysate, immunoprecipitation, fe 


SDS-PAGE on 10% gels and autoradiography have been 
described previously’? Antibodies to pure - rato plasma 
_ angiotensinogen?” were raised in rabbits and showed a high specific- 


angiotensinogen and des-(Al)-angiotensinogen®”. = 


LETTERS TONATURE 


‘increase observed for liver (Fig. 1 and ref. 12) and suggest 


ity for rat plasma angiotensinogen but equal affinity for both ._ transcription is tissue specific. The efficiency of cell-free 


-< tion of a particular mRNA is subject to manv variahlec which 
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Fig.2 Cleavage of angiotensinogen precursors by renin and effect 
of preabsorption of antibody with pure angiotensinogen, *°S- ` 
methionine-labelled immunoprecipitates of cell-free translations 
of brain RNA from Nx/ Dex rats (lanes 1-5) and liver RNA (lanes Benen 
6-10) were resolved by SDS-PAGE and visualized by 
autoradiography (see Fig. 1 legend). Lanes 1, 6, immunoprecipita- = 
tion with nonimmune rabbit serum: lanes 2-5; a 
immunoprecipitation with angiotensinogen antibody ORNI; lanes 
3, 5, 8, 10, lysate incubated with pure mouse submaxillary glandi 
renin (640 x 107° Goldblatt Units mI~’) for 30 min at 30 °C before o 
immunoprecipitation; lanes 4, 5, 9, 10, antibody preabsorbed with Sl EPS 
20 ug pure rat plasma angiotensinogen?’ prior to immunoprecipi- 
tation. Lanes 1-5, immunoprecipitation of 4.5x10° TCA- 
insoluble c.p.m., exposure time 12 days; lanes 6-10,- 
immunoprecipitation of 4x 10° TCA-insoluble C.p.m., exposure 
time 2 days. Pure mouse submaxillary gland renin was prepared 

as described by Cohen et al 637, 


As shown in Fig. 2, both brain angiotensinogen precursors 
were cleaved by renin resulting in a single immunoreactive 
protein (des-(AI)-angiotensinogen) identical to that shown for 
liver, of MW 47.5K. Ohkubo et al.2°, from the nucleotide... 
sequence of rat liver angiotensinogen mRNA, have concluded. 
that the major 52.5K precursor does not contain a pro-sequence. 
Thus, given that renin cleaves rat angiotensinogen at a single 
site between amino acids 10 and 11 to release the decapeptide 
AI°’, we have proposed that the 55.7K precursor differs from 
the 52.5K precursor in that it contains a pro-sequence!?. Neither 
of the angiotensinogen precursors nor des-(AI )-angiotensinogen 
were immunoprecipitated by antibody preabsorbed with pure 
rat plasma angiotensinogen (Fig. 2). ae 

The present study provides the first definitive evidence for 
extrahepatic synthesis of angiotensinogen and demonstrates that - 
the angiotensinogen. precursors synthesized in liver and brain 
are identical by several criteria including immunoreactivity, 
renin cleavage products and electrophoretic mobility. Given 
that angiotensinogeh is the only known natural substrate for 
renin, the cleavage of both angiotensinogen precursors by renin 
represents a highly specific method for their identification. One- 





consequence of the lack of a pro-sequence in the major 


angiotensinogen precursor’® is that mature angiotensinogen is 
an obligatory product of cleavage of the signal peptide in those 
tissues, including brain, which synthesize this precursor. The 
similar molecular weight and electrophoretic mobility of CSF- 
and plasma angiotensinogen?“ Suggest that post-translational _ - 
processing of the angiotensinogen precursors is similar for liver = 
and brain. However, variation in glycosylation mechanisms 
could account for the differences in isoelectric points and affinity. 
for concanavalin A previously reported!®?%24,_ ee 
The less than twofold increase in translatable brais 
angiotensinogen mRNA levels in response to nephrectomy an 
dexamethasone treatment is in contrast. to the several-fol 












that, although brain and liver angiotensinogen mRNAs appea 
to be products of the same gene(s), the regulation © 
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io relate to both the translation system and the RNA A 
= and which preclude other than qualitative estimates of mRNA 


> abundance. Further studies using a cDNA probe to measure 
angiotensinogen mRNA levels accurately in different brain 
regions are necessary to help define the role of this intrinsic 
brain angiotensinogen system. 

The synthesis by liver and brain of two angiotensinogen pre- 
cursors, differing presumably in the presence or absence of a 
pro-sequence, raises the possibility that these two precursors 


: ` „may be subject to different cellular processing pathways. Several 
< studies suggest the 


l intraneuronal generation of angio- 
tensin>?8-2? and we speculated that the 55.7K precursor may 
contribute to intracellular generation of angiotensin and thus 
be relatively more abundant in brain. However, we were unable 
to demonstrate any major difference in the relative abundance 
of the two precursors for liver and brain. This finding does not 
exclude the possibility of intracellular generation of angiotensin. 
Ohkubo et al.’® have previously noted that preangiotensinogen 
exhibits a molecular organization similar to that of the arginine 
vasopressin/neurophysin H precursor’. By immunohis- 
tochemistry neuronal immunoreactive angiotensin has been 
localized to areas which also contain vasopressin?*"*”. Thus 
peptidergic neurones containing angiotensin may possess the 
- mechanism for intracellular cleavage of angiotensinogen to gen- 


ae erate Al or AIL which may then be released to perform a 


neuromodulator or neurotransmitter role in the CNS. Another 
possibility to be considered is that angiotensinogen synthesized 
in the CNS may serve a function unrelated to the renin- 
angiotensin system. 

This work was supported by INSERM (France) grant CRL 
824022 and Association Claude Bernard. We thank Simon 
Foote for the gift of pure mouse submaxillary gland renin, and 
Nicole Braure for typing the manuscript. D.J.C. is recipient of 
a C.J. Martin Fellowship from the National Health and Medical 
Research Council of Australia and a Bushell Travelling Fellow- 
ship of the Royal Australasian College of Physicians. 
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Clathrin light chains and secretory 
vesicle binding proteins are distinct 
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Recently, several groups’ have initiated studies on cytosolic 
proteins that bind to isolated secretory vesicle membranes in 
the presence of Ca** in order to identify proteins that may 
regulate exocytosis. Two major chromaffin granule binding pro- 
teins, of molecular weights 32,000 (32K) and 34,000 (34K), 
were reported to have the same mobility on one-dimensional 
SDS gels as clathrin-associated light chains from the adrenal 
medulla, and the 34K granule binding protein the same one- 
dimensional peptide map as the 34K clathrin light chain”. These 
observations support the hypothesis that Ca?*-dependent 
recruitment of soluble light chains to the vesicle membrane may 
nucleate the assembly of a clathrin coat and initiate endocytosis. 
Here we report that two-dimensional peptide maps of the 
clathrin light chains and of all chromaffin granule membrane 
binding proteins in the 30K range are distinct, and therefore 


fail to support this hypothesis. It has also been suggested that y“ 


some or all of the vesicle binding proteins require calmodu) | 
for their interaction with the membrane”. However, we fine 
that antagonism of calmodulin by trifluoperazine does not pre- 
vent the association of the other cytosolic proteins with the 
chromaffin granule membrane. 

Secretory vesicle binding proteins were isolated by the tech- 
nique of Ca**-dependent affinity chromatography of adrenal 
medullary cytosol on a column of chromaffin granule membranes 
that had been coupled to CNBr-activated Sepharose 4B (refs 
1, 2). By applying cytosol to this column in the presence of 
2mM Ca** and then eluting the column with buffers with 
reduced Ca?* concentrations, down to 0.1 pM, we isolated a 
class of cytosolic proteins that bind to the granule membranes 
in a Ca?” -dependent manner. We refer to these proteins as 
chromobindins’ , in analogy with the established terms 
chromogranins®, the proteins in the granule core, and 
chromomembrins’, the proteins in the granule membrane, 
although the secretory vesicle binding proteins are not unique 
to chromaffin tissue (ref. 2 and Fig. 2). The chromobindig 
include calmodulin, synexin and protein kinase C? We have \. 
characterized approximately 20 additional chromobindins 
according to the concentrations of Ca** at which they elute 
from the affinity column, the Mg-ATP dependence of some of 
them to promote binding, and their affinity for membrane pro- 
teins or lipids’. In addition, we have determined the apparent 
molecular weights and isoelectric points of the chromobindins 
separated on two-dimensional gels. As we reported previously’, 
two chromobindins, referred to here as CB5 and CB/7, are 
closest in positions on these gels to adrenal medullary clathrin 
light chains. The light chains, however, are slightly more acidic. 
One possible explanation for this difference is that the light 
chains are slightly modified forms of the granule binding pro- 
teins. We felt that two-dimensional peptide mapping might 
resolve this issue. Because there are six granule binding proteins, 
in the 30K mass range, we felt it necessary to map all : 
proteins because any one or several could have contributed to 
the peptide maps previously published which were derived from 
protein bands on one-dimensional gels”. 

The chromobindins and medullary clathrin light chains were 
excised from Coomassie-stained, polyacrylamide gels, jodinated, 


digested with trypsin and the tryptides separated on TLC plates ` 


by electrophoresis i in one dimension and ascending chromatogra- oh, 
phy in the second dimension“. Autoradiographs of the pe pige of 
maps of granule binding proteins CB5 and CB7 are shown in — 
Fig. 1 and compared with: maps 1 clathrin ligh 
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Fig. 1 Peptide maps of clathrin light chains (LC1, high molecul | 
binding proteins CBS and CB7. Each sample was spotted in th in CB7), separated by electrophoresis to the © 
left, followed by ascending chromatography to the solvent front (‘SF’ in CB7), ‘CBS & LC?’ are maps of mixtures of the 
proteins of the same molecular weights. a, b, c, d, e; major peptides of the granule binding proteins; q, r, s, t: major peptides of the clathrin. 
light chains. D 
Methods: Proteins CB5 and CB7 were excised from two-dimensional gels of chromobindin proteins isolated by affinity chromatography’, < 
Clathrin light chains were isolated as follows. Coated vesicles were prepared from 100g of bovine adrenal medullary tissue following the ~~ 
~ procedure of Keen et al.*. Clathrin was extracted from the final vesicle pellet by incubating overnight at 4°C with 0.5M Tris, 2M urea in _ 
Keen's buffer A (0.2M 2[N-morpholino]ethane sulphonic acid, 1 mM EGTA, 0.5 mM MgCl.) adjusted to pH 7.5. The Stripped membranes _ 
were sedimented at 100,000g for 60 min and the clathrin-containing supernatant was chromatographed on Sephadex G-25 to exchange the ` 
buffer for 50 mM ammonium acetate, PH 7.6. The extract was then incubated at 100°C for 10 min’? and denatured protein sedimented at 
100,000g for 60 min. The supernatant was lyophilized and analysed by one-dimensional electrophoresis in SDS'*. The light chains appeared — 
as two prominent bands in the 30K molecular weight range and were excised and mapped. Neither the 100 °C incubation nor the method of | 
electrophoretic separation affected the maps, as Similar patterns were obtained if the light chains were excised from one- or two-dimensional 
gels of the extract before heating. The electrophoretically purified proteins were iodinated, trypsinized and mapped according to Elder et alë. 











autoradiographs, additional peptide . differences became Fig. 2 SDS gels of secretory vesicle OA L 
apparent beyond those illustrated in Fig. 1. Maps were also membrane binding proteins isolated in 
prepared from the four other chromobindins of masses 32K tO the presence or absence of 100 pM 
39K; these were also distinct from those of the light chains. It trifluoperazine (TFP). Bovine adrenal 
is interesting to note the great similarity in the maps of proteins medullary (A) or liver (L) cytosol was 
CB5 and CB7, while all of the other chromobindins that we applied in the presence of 2 mM free 
have mapped were quite different from one another, in spite of Ca“ to a column of chromaffin 
„their common property of Ca?*-dependent membrane associ- A r ao Po it 7 K 
_Yuion. The adrenal light chains appeared to have two major e Rite Gee 
E ; : hae aes i r membrane binding proteins were 
_ peptides in common, marked ‘r’ and ‘s’ in Fig. 1. Brain clathrin eluted with 2 mM EGTA. C marks the 
light chains, which are of higher molecular weight than adrenal position of the calmodulin band: the 
light chains (36K and 38K compared with 32K and 34K), and numbers refer to the molecular 
bovine muscle tropomyosin which has a similar subunit composi- weights (x107?) of protein calibration 
tion’, were also mapped and were found to be distinct from all standards, Electrophoresis was con- 
granule binding proteins. However, the maps of brain light ducted according to Laemmli" and the 
chains showed considerable homology with the adrenal light gels were stained with Coomassie blue. 
chains: peptides q, r, s and t (Fig. 1) were also present in the a Cea a penta 10-12K 
maps of the brain light chains. Three or four major additional 2" PR A e anoi 
; ; ee ae ie ee _ consistently observed (for example, 
peptides appeared in the brain light chain maps that were not. compare with L, +TFP). 
seen in the maps of adrenal light chains | = : sean | Ea 























` In addition to the peptide mapping studies, we found that the 
chromobindins were denatured and precipitated by heating to 
100°C for 10 min, a treatment we used to purify the particularly 
heat-stable light chains. Therefore, in addition to significant 
primary structural differences, the light chains have distinct 
physical chemical properties from the chromobindins. We con- 
clude that adrenal medullary clathrin light chains have not been 
obtained in the in vitro affinity chromatography experiments. 
<. Calmodulin is one of the chromobindin proteins that can be 
isolated’ by. Ca**-dependent affinity chromatography on 
chromaffin granule membranes’. The hypothesis that calmodulin 
regulates the interaction of the other chromobindins with the 
~.membrane is supported by the observation that some of the 
< chromobindins bind in a Ca**-dependent manner to a cal- 
_ modulin-Sepharose column”. As a more stringent test, we con- 
ducted affinity chromatography experiments with adrenal or 
liver cytosol on chromaffin granule membrane affinity columns 
in the presence of 100 pM trifluoperazine to antagonize cal- 
-= modulin action. This drug blocked the binding of calmodulin to 
the affinity columns, but did not significantly alter the spectrum 
of other chromobindins obtained (Fig. 2). Therefore, calmodulin 
< does not appear to be required for the recruitment of these 
other proteins to the membrane. The binding of some of these 
proteins to a calmodulin-Sepharose column may have been due 
‘to their ability to interact in a Ca**-dependent manner with a 
hydrophobic surface, either on the calmodulin molecule, or on 
membrane lipid. The presence of calmodulin in the chromobin- 
din class of proteins may reflect direct interaction with mem- 




























brane proteins, or an indirect interaction through the other 


chromobindins that does not influence the membrane binding 
properties of these proteins. Thus, with the exception of synexin 
which may initiate intermembrane contact and fusion'*"?, it is 
unclear what the roles of the membrane binding proteins y 
have characterized may be in the secretory pathway. 

We thank James Keen for providing a sample of bovine - 
tropomyosin, Virginia Simnad for help in the trifluoperazine 
experiments and Lisa Dowling for technical assistance. This 
study was supported by the NSF (PCM-82-06453), the Virginia 
Affiliate of the American Heart Association, the Council for 
Tobacco Research and the University of Virginia Diabetes 
Research and Training Center. 
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A model for the cosmic creation of 
nuclear energy—a reassessment 


K.-E. Eriksson, S. Islam & B.-S. Skagerstam 

Nature 296, 540-543 (1982) 

“THis letter included an unfortunate mistake which affects the 
loss of exergy in helium synthesis and hence the total exergy 
per nucleon. Naively one would expect the exergy per nucleon 
to be ba (the binding energy per nucleon in *°Fe) apart from 
the loss due to helium formation. With a fraction yp of neutrons 
immediately before the helium synthesis, this loss could be 
expected to be 2y9b, where b, is the “He binding energy per 
nucleon. Thus for a cooling universe (T >0), the exergy per 
nucleon E(T) would approach 


: l E(0) = b4 — 2 Yob = 6.36 MeV (11*) 
oe instead of the result (11) given in our paper. The simple estimate 
 {11*) turns out to be the right one. i 

<1 Consider a mixture of four ideal non-degenerate gases (con- 


~~ sisting of 'H, 'n, *He and "Fe corresponding to i= 1, 2, 3, 4) 


ina volume V. Let n; be the number of nuclei of the ith kind, 
so that in all there are N=, nA; nucleons. Since radiation 

“dominates, equilibrium temperature and equilibrium pressure 

evail, and the exergy per nucleon is purely ‘chemical’. 


N L n,/ V 
E=— ¥ mli home Lb nkT lap 
n N i, Ae, hio) N pa i n®/V 
‘Here p; is the chemical potential of nuclide i and jo is its 
-equilibrium value corresponding to an equilibrium density 
Cni” V. With | 

























2, Frautschi, $: Science 247, 5 


Geneva, 1983 


This equation differs from the equation (2) in the paper in that 
for each nuclide, T/A; apears as an ‘effective temperature’, 
taking into account the reduced number of degrees of freedom 
of bound nucleons. 

From the correct equation (2*) we obtain the correct 
expression for the exergy per nucleon after helium formation, 


me2\ 3/2 1-375 
(Tr) 


(1-20) eye? 


with u(T) approaching b, for small T then (11*) obtains. 

Figure 2 of the paper has to be modified, and the corrected 
Fig. 2 (below) shows the creation of exergy as given by (9) ande. 
(10*). Se aaa 


E(T) = (T)—2y9b3— kT In (10*) 
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A couple of important references should also be added.\ 
Davis’ book’ on time asymmetry should have been referred to ~ 
in the original paper. Frautschi’s later paper? on negentropy in 
the Universe is also relevant. The model has been discussed by 
van Hove’ in connection to other time-asymmetric processes of © 
the early Universe. 2m F, | 


1. Davies, P, C. W. The Physics of Time Asymmetry (University of California Press, Berkeley, — 
1974), sit Re gat OG Se Sa pea Leith Ie 8 ae ee 






3. Van Hove, L. Non-equilibrium Processes in Early Cosmology (Preprint no TH.3623-CERN, © 
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. vate Palaeozoic Wrangellian 
palaeomagnetic directions 
north or south seeking? 


IN a recent Nature article Panuska and 
Stone’ report that they have resolved the 
polarity ambiguity in the late Palaeozoic 
palaeomagnetic data for Wrangellia. They 
have measured magnetic directions from 
the Lower Permian Hasen Creek Forma- 
tion and the Lower Permian—Pennsyl- 
vanian Station Creek Formation which 
they conclude would place Wrangellia 
north of the Equator in the late 
Palaeozoic. They reason that since the 
Earth’s field was predominately reversed 
at this time, any directions measured from 
these rocks would point to the reversed 
polarity geomagnetic pole, that is, the geo- 
_,,.8taphic south pole. However, their inter- 
am pretation may be at odds with their data. 
Most palaeomagnetic studies report 
"palaeomagnetic data just as it was 
measured from the rocks. If the southwest 
and down directions (Table 1 in ref. 1) 
are what was measured in the late 
Palaeozoic Wrangellia rocks, then these 
reversed directions would Suggest that 
Wrangellia was south of the Equator and 
not north of the Equator, as Panuska and 
Stone’ conclude. Two statements in 
Panuska and Stone’s! article suggest that 
the southwest and down directions repor- 
ted in Table 1 are not those that were 
actually measured. Both occur on page 
562. “Thus taking into account the 
reversed geomagnetic polarity, the VGPs 
corresponding to the mean vectors plotted 
in Fig. 2 represent an estimate of the loca- 
tion of the north geographical pole for 
„Ahat time.”? and “The polarity of the tabu- 
“dated data represent the equivalent of 
today’s Northern Hemisphere pole.’”! 
Although these statements may imply 
that the data have been changed to corre- 
spond to the authors’ polarity inter- 
pretation, nowhere do the authors clearly 
state what directions were actually 
measured. 

The reason for this comment is to point 
out that it is misleading and confusing if 
the data are not reported exactly as 
measured. Interpretations should be made 
only after the reader has access to the raw 
data. In this particular case it is important 

_\te. know if the southwest and down direc- 
ms were actually measured in the rocks, 


















pretation is incorrect, or if the opposite 
polarity were measured. 


E K. P. KODAMA 
`- Department of Geological Sciences, 
_ Lehigh University, —— __ 
_. Bethlehem, Pennsylvania 18015, USA 


which case Panuska and Stone’s! inter- 


MATTERS ARISING — 


PANUSKA AND STONE REPLY—We 
welcome the opportunity to clear up the 
misunderstanding of data that we reported 
in our 1981 paper. The directions of the 
north-seeking magnetic vectors that we 
measured in the Skolai Creek rocks dre 
actually northeasterly and negative (up). 
Since only summary data (that is, mean 
directions) were reported in our Table 1, 
and not the raw data, we inverted the 
mean directions in the interest of saving 
space by avoiding the use of separate 
tables for measured directions and in- 
ferred directions and “avoiding con- 
fusion” by reporting the probable polarity. 
The two statements cited by Kodama were 
intended to indicate that the measured 
directions were inverted for this paper 
because of the predominant reversed 
geomagnetic polarity during deposition 
of the Skolai Creek rocks. We have 
apparently failed in our attempt to avoid 
confusion and we thank Dr Kodama for 
bringing this to our attention. 

To summarize, we measured northeast 
and negative (up) magnetic directions in 


the Skolai Creek rocks. These directions | 


were inverted to the southwest and posi- 
tive (down) directions reported in Table 
1 because of the reversed geomagnetic 
polarity during the Permo-Carboniferous. 
Thus, we stand by our original interpreta- 
tion of a Northern Hemisphere location 
for Wrangellia in late Palaeozoic time. 


BRUCE C., PANUSKA 
DAVID B. STONE 
Geophysical Institute, 
University of Alaska, 
Fairbanks, Alaska 99701, USA 








Noise and recognizability 
of coarse quantized images 


WE are pleased that Morrone et al.’ found 
it still worthwhile a decade later to elabor- 
ate on an experiment by Harmon and 
Julesz*, even though they disagree with 
our conclusions. We comment only 
because: (1) from Morrone et al. the 
reader might assume that Harmon and 
Julesz had critical-band masking as their 
only explanation’; (2) they failed, so far, 
to disprove critical-band masking; and (3) 
their demonstration does not seem con- 
vincing. We comment now in detail along 
those lines. E 

(1) Harmon and Julesz? offered two 


possible explanations for the inability to 


see Abraham Lincoln’s face in the block- 
quantized image, One was discussed by us 
at length, but not quoted by Morrone et 
al.', although thi nilar explana- 
ion. We visual system 


























like to see a demonstration by: Morrone 







te. are inseparable in their pola 













that these contours masked. the 
spatial-frequency image. Our a 
explanation was critical-band 
since we showed that the remo 
annulus-shaped spectrum from. 
ier spectrum of the block-quantize 
restored the visibility of Lincolr 
(This annulus had an inner radius j 
outer radius 2f,, where fo is the 
frequency in the Lincoln image.) Thus | 
quantization noise of the ` middi 
frequency annulus next to the image spe 
trum was adequate to mask the image. 


that by filtering out the high frequencies 
outside the disk with 2f radius, the image 
of Lincoln remained hidden. This filtering 
removed the sharp contours at the boun- aS 
daries of the quantized blocks, yet theface 
remained masked. It was these findings 
that persuaded us to consider critical band _ a 
masking as an alternative to the trivial first. ao 
explanation. Bee 
(2) Critical-band masking occurs for ae 
one-dimensional gratings and noise as 
shown by Stromeyer and Julesz*. This was 
recently reconfirmed by Wilson et al.*. In eS 
another study, Phillips and Wilson? 
showed that for 2.5-6 cycles per deg test 
and masking gratings, the orientational... 
tuning curves (half-amplitude ‘band- 
widths) are as shallow as 25 arc deg. While | ae 
Morrone et al. did not specify the viewing 
distances in their experiment, one can 
assume that much of their ‘windmill’ noise. 
falls in the above mentioned spatial- 
frequency range. It is not surprising that a 
the windmill noise only 22.5° away from 
the axes of the two-dimensional Fourier 
domain will mask the masking noise; this. 
is where the quantization-noise spectraare _ z 
concentrated. Such a masking of thé mas- —— 
ker (disinhibition) was reported by n 
Stromeyer and Julesz?, o 
According to our comment, we would. 
























et al. with windmill noise restrict 
diagonals (say, between 40 anc 
deg.). Only if this noise were to 
the original image would we rega 
idea of critical-band masking as bein 
challenged. Even then many questior 
would still be left unsettled. For instance 
we used concentric filters with circular 
symmetry that yielded the same 1-octave- 
wide critical band for two-dimensiona 
stimuli that were found by Blakemo a 
Campbell for one-dimensional stim 
Whether asymmetric filtering can 
without causing some nonlinear effe 
remains to be seen. The finding b D 


man’ and Phillips and Wilson’ 


dimensional spatial frequency 












sh 
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-o (3)In Fig. 1d of Morrone et al’, the 
«Mona Lisa is so poorly perceived that it 
“resembles our Fig. 3a in ref. 2, which we 
-called a masked image. We wonder how 
_ Morrone et al. can regard the image in 
their Fig. 1d “of higher quality than the 
` lowpass filtered version”. Since they did 
~ “not use some objective method to compare 
- the visibility of the same images masked 
< by their windmill with our annulus-shaped 
` spectral noise, any inference to critical- 
- band masking appears superficial. 

Finally, consider the more general prob- 
lem that Morrone et al. indirectly ques- 
© tioned: the validity of spatial-frequency 
© channels in vision. If critical band masking 
does not take place in two-dimensional 

vision, then spatial-frequency-tuned chan- 
nels have a limited role. That in preatten- 
tive vision only local line contours can be 

: detected, and. global periodicities are 
- unnoticed, led one of us to a texton theory 
of texture discrimination and effortless 
perception® °. However, in attentive 
= vision such as looking for a recognizable 

: face, global processes (including the detec- 
< tion-of periodicities) must be important. 
Whether the detection of these peri- 

odicities is undertaken by early analysers 
(which can be fatigued or masked) or is 
the result of higher cognitive processes 
(for which critical-band masking is not 
expected) remains to be seen. 








BELA JULESZ 
< Visual Perception Research Department, 
“AT&T. Bell Laboratories, 
< Murray Hill, 
New Jersey 07974, USA 


; LEON D. HARMON 
- Biomedical Engineering Department, 
Case Western Reserve University, 
Cleveland, Ohio 44106, USA 


“| Morrone, M. C., Burr, D. C. & Ross, J. Nature 305, 
226-228 (1983). 
2. Harmon, L. D. & jJulesz, B. Science 180, 1194-1197 
{E973}. 
3g Stromeyer, C. F. & Julesz, B. J. apt. Soc. Am. 62, 1221~ 
{232 (1972). 
4. Wilson, H. R., McFarlane, D. K. & Phillips, G. C. Vision 
Res. 23, 873-882 (1983). 
5. Phillips, G. C. & Wilson, H. R. Invest, Ophthal. vis. Sci. 
Suppl. 22, 254 (1982). 
é Blakemore, ©: & Campbell, F. W. J. Physiol, Land. 203, 
a  2BTH 260 (1969). 
4. Daugman, JoGe Invest. Ophthal. vis. Sci. Suppl. 22, 49 
-8 Julesz; B. Nature 290, 91-97 (1981). 
9. -Julész, B. Biol Cybernet. 41, 131-138 (1981). 
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ORRONE ET AL. REPLY—For us the 
“most intriguing aspect of Harmon and 
-Julesz’s' ingenious demonstration is that 
-blocking does not merely degrade the 
image, but renders recognition impossible. 

mal masking (such as their Fig. 3a’ or 
our Fig. 1d”) degrades the image 


it still recognizable.. _ 


n our labor 


























that masking 


duces threshold of high s 






l 





oratory show 
with one-dimensional noise 
patial 





‘compared with a factor of more than 30 


for parallel noise’. In any event, even if 
the noise did encroach into the critical 
band of the spurious high frequencies it 
would add much more energy than it could 
have removed by masking. 

Finally, both we* and Piotrowski and 
Campbell* have demonstrated that recog- 
nizability is restored by phase scrambling 
of the spurious high frequencies, without 
interfering with their amplitudes, either 
physically or by masking. This is interest- 
ing, as classical masking and summation 
are phase independent (ref. 5 and M.C.M., 
D.C.B. and J.R., unpublished). 

We do not challenge the notion of 
critical-band masking. We recognize the 
importance which it clearly has in visual 
processes, but we point out that it is not 
a sufficient explanation here. There is a 
substantial body of evidence, both from 
single cell recordings in cat and of evoked 
potentials in man, for nonlinear inhibitory 
processes. These processes presumably 
have some role in visual analysis, which 
we attempted to elucidate. 


M. CONCETTA MORRONE 
DAVID C. BURR 
JoHN ROSS 
Department of Psychology, 
University of Western Australia, 
Nedlands WA 6009, 
Australia 


1. Harmon, L. D. & Julesz, B. Science 180, 1194-1197 
(1973). 
2. Morrone, M. C., Burr, D. C. & Ross, J. Nature 305, 
226-228 (1983). 
| Anderson, S. J. thesis, Univ. Western Australia (1983). 
_ Piotrowski, L. N. & Campbell, F. W. Perception 11, 337 
(1982). 
5. Sachs, M, B., Nachmias, J. & Robson, J. G. J. apt. Soc. 
Am. 64, 1176 (1971) 
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Identification of y-ray 
lines observed from SS433 


RECENTLY, Lamb et al.’ reported pre- 
liminary evidence for y-ray line emission 
from the region of $S433. These authors 
suggested that observed y-ray line 
features at 1.2 and 1.5 MeV may be the 
red- and blue-shifted components of the 
1.369-MeV line from the first excited state 
to ground-state transition in “*Mg. Here 
we point out some serious difficulties with 
this interpretation of the observed y-ray 
lines. 

In their model, Lamb et al.’ propose 
that fast-moving 7*Mg nuclei (v ~ 0.26c, 
that is, 33 MeV per nucleon) undergo 
inelastic collisions with ambient protons 
to produce the 1.369-MeV yray. The 
apparent absence of similar inelastic y-ray 
more abundant 
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alone. However, there are ways to test this 
hypothesis. 

y-Ray production cross-sections have 
been measured by Dyer et al.’ for proton- 
induced reactions on C, N, O, Ne, Mg, Si 
and Fe from threshold to Ep=23 MeV. ` 
For proton bombardments of ““Mg at 
E.=23 MeV, in addition to the 1.369- 
MeV line, there is a strong doublet near 
1.64 MeV from the 1.634-MeV *°Ne line 
produced via the **Mg(p, pa \ONe reac- 
tion and the 1.636-MeV “*Na line pro- 
duced via the 7*Mg(p, 2p)” Na reaction. 
At this bombarding energy, the ratio of 
the cross-sections for the 1.64-MeV line 
and the 1.369-MeV line is 0.85. Zobel et 
al? report a ratio of ~0.9 at E= 
30 MeV. Thus, if the 1.2- and 1.5-MeV 
features observed by Lamb et al. were 
due to inelastic scattering of **Mg on pro- 
tons, one would expect to observe lines of 
nearly the same intensity at ~1.4 and 
1.8 MeV. 

The apparent absence of any significant 
y-ray lines other than those at 1.2 and 
1.5 MeV thus argues strongly against the: 
proposed model of Lamb et al.’. It is al 
interesting to note that the presence of 
24Mg lines and the absence of other lines 
not only would make Mg overabundant 
compared with carbon and oxygen, but 
would suggest that it is overabundant com- 
pared with heavier elements, particularly 
Fe, in view of the large cross-sections 
found at E, = 23 MeV for the production 
of y rays from Fe at 0.847, 0.931 and 
1.317 MeV’. Thus, it seems that an 
alternative explanation must be sought for 
the intriguing observations made by Lamb 
etal’. 






Eric B. NORMAN 
Department of Physics, 
Seattle University, 
Seattle, Washington 98122, USA 


DAVID BODANSKY 
Nuclear Physics Laboratory, 
University of Washington, 
Seattle, Washington 98195, USA 





1. Lamb, R. C. er al. Nature 308, 37-39 (1983). 

2, Dyer, P., Bodansky, D., Seamster, A, G., Norman, E. B. 
& Maxson, D, R. Phys. Rev. C23, 1865-1882 (1983). 

3, Zobel, W., Maienschein, F. C., Todd, J. H. & Chapman, 
G. T. Nucl Sei. Engng 32, 392-406 (1968). 


Matters Arising 


Matters Arising is meant as a vehicle 
for comment and discussion about _ 
papers that appear in Nature. The 
originator of a Matters Arising j 
contribution should initially send his | 
manuscript to the author of the ori- | 
ginal paper and both parties should, | 
wherever possible, agree on whatisto |- 
be submitted. Neither contribution |- 

~ nor reply (if one is necessary) should e 
be longer than 500-words and the | _ 
briefest of replies, to the effect thata | oy 
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UNIVERSITY OF ALABAMA GREATER GLASGOW 





SCHOOL OF MEDICINE HEALTH BOARD 
DIRECTOR, 
NEUROSCIENCES 
PROGRAM PRINCIPAL GRADE 





SCIENTIST 


_ Applications are being accepted for 
the position of Director, Neuro- 
Sciences Program, University of 
Alabama School of Medicine, 
University of Alabama in 
Birmingham. The Director coordin- 
vates the research activities of about 30 
scientists, who also participate in the 
teaching and patient care activities of 
the medical school. The Director 
‘Should be an active scientist with a 
ckground of accomplishments in 
garea of neurosciences, 


“Please submit applications or 
nominations and curriculum vitae to: 
Antonietta D Hyche, Administrative 
Officer, University of Alabama 
School of Medicine, Medical 
Education Building, Room 306, 
Birmingham, Alabama 35294. 


An equal opportunity /affirmative 
action employer. (NW36DA 




















A vacancy has arisen for a Scientist 
(Medical Mycologist) at Principal 
Grade. The individual appointed will 
be responsible for the organisation 
and administration of a Diagnostic 
Medical Mycology Service for all 
hospitals in the Greater Glasgow 
Health Board Area. 


For administrative purposes the 
post is attached to the Department of 
Dermatology, University of 
Glasgow, and will be vacant on Ist 
May, 1984. 


Job description and application 
form, which should be returned not 
later than 23.3.84, are available from 
District Personnel Officer, PTS 
Building, Western Infirmary, 
Glasgow, G11 6NT. (1398)A 





nor do they accept liability for printers’ errors, 
CANCELLATIONS MUST BE RECEIVED NO LATER THAN 5 p.m. 


although every care is taken to avoid mistakes. ae 
ON THURSDAYS PRIOR TO ISSUE DATE. es 
UNIVERSITY 
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POST-DOCTORAL 
POSITION — 
IMMUNOLOGY 













HOSPITAL 








Applications are invited from a 
suitably qualified person. for the 
position of Post-Doctoral research 
assistant to join a multi-disciplinary. 
group working on the pathogenesis. 
and latency of Herpes Simplex Virus. 


Applications welcome from 
Virologists and Molecular Biologists, 
but others may apply, Age up to 29, 
University scales in the range £7,630. 
— £9,425 pa. The post is supported: 
by a Medical Research Council grant- 
until March 1986. kt 


Applications, together with 
curriculum vitae and names and 
addresses of two referees to The 
Superintendent, Department of. 
Pathology, Tennis Court Road; 
Cambridge CB2 1QP. (1360A = 


Available immediately. To involve 
leading-edge research “ine human 
B-cell differentiation. and human 
monoclonal antibodies against 
human cancer antigens. Candidates 
Should have experience in 
lymphocyte culture and immuno- 
assays and will be expected to apply 
for a fellowship from the Alberta 
Heritage Foundation for Medical 
Research. 


Curriculum Vitae and three letters 
of recommendation: should be sent 
to: Dr Michael Longenecker, 
Department of Immunology, 
University of Alberta, Edmonton, 
Alberta, Canada, T6G 2H7. 


The University is an equal 
opportunity employer. (NW357)A 





















































National Institutes of Health 





The National Cancer institute has an opening for Chief of 

_ the Chemical and Physical Carcinogenesis Branch of the : 

_ Carcinogenesis Extramural Program. 

___ Duties include planning, developing, directing and man- 

_ aging a national extramural program of basic and applied 
research concerned with the occurrence and inhibition of 
cancer Caused or promoted by chemical or physical agents, 
acting separately or together, or in combination with biologi- 

. Sgrag 






The position requires extensive knowledge of the scien- 
-tific basis of chemical and physical carcinogenesis research; 
-experience in planning, administration and evaluation of 
_ research Carried out under the grant, contract and coopera- 
tive agreement mechanisms, experience with effective per- 
dealing with interrelationships between governmental, 
educational, industrial, and private research concerns. 
| in addition to three years of appropriate. experience, 


sonnel management and supervision as well as experience In 


_ Of study in an accredited college or university leading to a 


_ minimum educational requirements include a 4 year course A 





National Cancer Institute 















bachelor's degree with major study in chemistry or biology. eS : 
A doctorate or equivalent training in molecular biochemistry, 
et ey or biology is desirable. i atte 

This is a Ci 


| il Service Career-Conditional Appointment a 


under the Merit Pay System at the GM-15 level with a salary. 
range Of $50,252 to $63,652 depending upon the qualifica- 
tions of the applicant selected. Benefits include Civil Service 
Retirement, life and health insurance. This is a supervisory... 
position and may require the incumbent to serve a one year 
probationary period. US. citizenship is required. n 
„oubmit application (SF-171, Personal Qualifications 
Statement), current performance appraisal and names of 3 






references to: 
Bldg. 31, Rm. 3A-35, 9000 Rockville Pike _ 
~ Bethesda, MD 20205, Tel: 301/496-6864 
Applications must be received or postmarked by Apr 
~ MHisan equal opportunity employe! 











l (Resea ch) 


Clinical 
Pharmacologist 





Cerro Tololo Inter- 


|| American Observatory, 


La Serena, 
Chile 


i Cerro Toloio Inter-American 


Observatory (CTIO) is seeking an 


work at the largest US operated 
observatory in the southern 
hemisphere. The successful 
candidate will be hired as a Support 
Scientist and will play a leading role 
in the planning, coordination, and 
execution of computer software and 
hardware projects at the telescope 
site and the Observatory head- 
quarters. Responsibilities include 
acting as staff advisor to the 
computer software group and 
overseeing the operation of the 
Observatory’s present computer 
facilities which are dedicated to 


experienced research scientist tof 
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University of Wales) 
APPLIED BIOLOGY” ` 


Microbiology and Molecular 
Biology Position 
RESEARCH ASSOCIATE 

supported by a SERC Biotech] 
Inology Directorate Grant to 
characterise the dehalogenase 
transposons of Pseudomonas 
putida. Applicants must have a 
wide experience in molecular 
biology techniques. 


Salary: Within Range 1A Research 
and Analogous Staff 
£7,190 — £11,615 per annum. 


Requests (quoting Ref. E31) for 
details and application form to 
Staffing Office, UWIST, PO Box 
68, Cardiff CF1 SKA. 








visitor and staff data acquisition, 
reduction, and analysis. The 
successful candidate will probably 







A vacancy exists at the Chemical Defence 
Establishment, Porton Down, Salisbury, for a 
Medical Officer Research (Clinical Pharmacology). have a PhD in astronomy or physics 


The successful candidate will ae a small but and considerable experience in 
important group at CDE and work with civilian astronomical applications 
ain military medical staff. He/she will contribute programming. Familiarity in at least 
to clinical studies directed toward the some of the following areas is also 


intr : desirable: computer hardware, real- 
introduction of first-aid measures for the time data acquisition and instrument 


Further information can be 
obtained from Professor J. H. 
Slater, on Cardiff (0222) 34130. 


Closing Date: 16th March 1984. 
136A | 





treatment of poisoning by a range of toxic : 

substances and the provement of medical elie ne a Ais an ONTARIO CANCER 
methods of treatment. A significant element is reduction processing systems. He or FOUNDATION 

the assessment of drug adverse reaction and drug she willbe a member of the scientific] | POSTDOCTORAL POSITION 
interaction applying current standards of medicinal staff and have research]! available for molecular biologist to 


opportunities. The Observatory]) work on genetic aspects of tumor 
headquarters and housing area are} | metastasis. Background in somatic 
located in La Serena, Chile, aj] cell genetics and cancer biology 
pleasant coastal city in a mild climate helpful. Send applications including 


safety. Pharmacokinetic, harmacodynamic 
and, in collaboration with expert non-medical 
staff, studies in human behaviour, form an 


important section of the work. There is also a 
requirement to provide advice to some service 
and civilian agencies on the prevention and 











500 km north of Santiago. The 
observatory is 90 km east of La 
Serena at an altitude of 2200 meters. 


curriculum vitae and at least three 
references to: Dr Ann F Chambers, 
Ontario Cancer Foundation, London 





treatment of poisoning. a athe ee ane a I South Street, London, 
Candidates must be medical practitioners fully salaries, and overseas allowance | RANG NGA? A W369 A 
registered in the UK. Some clinical experience is tte liina in Chi ( ) 
Š : ee while living in Chile, exemption from 
essential. MRCP or equivalent and accreditation ali state and federal income taxes, 
as a clinical pharmacologist highly desirable. annual travel benefit to point of hire, : 
salary £15,235-£21,325 with starting salary 24 days annual vacation, employer THE UNIVERSITY OF 
according to qualifications and experience subsidized rental housing, and after LEEDS 
, ' one year, a fully vested retirement 7 Bie te i a 
RELOCATION ASSISTANCE MAY BE AVAILABLE. plan. DEPARTMENT OF TEXTILE 7 
For an application forim (to be returned by Please send a letter of application OUSE 
together with curriculum vitae, POSTDOCTORAL 











telephone Basingsto 
































30 March 1984) write to Civil Service Commission, 
Alencon Link, panna Hants, RG21 1B, or 
e (0256) 68551 (answering 
service operates outside office hours). 
Please quote ref: S(F)630/3. 





bibliography, and names of three 
references who have been asked to 
send letters of recommendation to: 
Director's office, Cerro Tololo Inter- 
American Observatory, Casilla 603, 
La Serena, Chile. 





Active program in collagen fibrillo- 
genesis, fibrosis and wound healing. 
Candidates should have a back- 
ground in connective tissue research. 
Faculty rank commensurate with 
background and qualifications. 


Please send ev to Dr Raul 


Dermatology, The Mount Sinai 
School of Medicine, One Gustave 
L Levy Place, New York, NY 10029. 
ity Employe 

4643 









Acocks 


RESEARCH FELLOW 


Applications are invited for the 
above post for work on the develop- 
ment of stress/strain laws for indus- 
trial fabrics and their experimental 


| Pia aa ai Closing date for receipt of || measurement involving liaison with 
PET e l P r : applications is Apri 16, 1984. AN engineering organisations, 
a. eo eT nhinwnm | Equal Employment Opport- computer-aided mathematical 
bo: Ministry of Defence F unity/ Affirmative Action Employer. f| modelling, and experimental work in 

ee aaa aa (NWS55) A an advanced new test facility. 
re A good honours degree in Physics. 
Engineering or Materials Science anc 
a relevant Ph.D. or equivalent exper 

—,, THE MOUNT SINAI jence are required, 
THE BEASTON INSTITUTE FOR CANCE MEDICAL CENTER ia post is available tm 
MOLECULAR BIOLOGIST BIOCHEMIST ee ieee © 





Salary on the IA Range ‘fo 
Research and Analogous Staf 
(£7190 — £11615) according to age 
qualifications and experience, = 


Informal enquiries may be made t 
Dr D W Lioyd telephone (0532 


| 431751 ext. 562. 
Fleischmajer, Department of | 





. Closing date for ap 
arch 19) 
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Assistant Professor 
in Vertebrate Ecology 


The University of Calgary invites 
applications for a position at the 
Assistant Professor level in the 
Department of Biology. The suc- 
cessful candidate will be expect- 
ed to develop an active research 
program in the area of population 
ecology of terrestrial vertebrates, 
and to participate in the teaching 
of courses in introductory ecology 
and population ecology. Appli- 
Gants must hold the Ph.D. degree 
or equivalent, and should have a 
broad biological training and 
demonstrable dedication to 
excellence in undergraduate and 
graduate teaching. Post-doctoral 
experience would be 
advantageous. 
The appointment will be open as 
of September 1, 1984, with an 
expected starting salary in the 
range of $29,700 to $33,500 
“oper annum, based on the 
1983-84 scale. 
| f accordance with Canadian 
=i Immigration requirements, this 
advertisement is directed to 
Canadian citizens and permanent 
residents of Canada. 
Applicants are requested to 
submit a complete curriculum 
vitae, and to have three letters 
of academic reference forwarded 
by May 1, 1984 to: 


Department of Biology 
Dr. R.W. Davies, Head 
The University of Calgary 
2500 University Dr. N.W. 
Calgary, Alberta, Canada 


T2N 1N4 
(NW359) 4 
{ARNETTE NENT 


Sarau maninannnuannm ananena. 


CENTRAL BIRMINGHAM Health 
Authority, Infant Development 
Unit, Queen Elizabeth Medical 
‘entre, Consultant Cytogeneticist or 
0 grade Cytogeneticist. This is a 
ew. appointment and is for either a 
Consultant or Top Grade Cytogene- 
ticist in charge of the Cytogenetics 
Laboratory which is housed in the 
Infant Development Unit attached to 
the Birmingham Maternity Hospital 
on the Queen Elizabeth Medical 
Centre. The laboratory is one of two 
Regional Cytogenetics laboratories 
in the West Midlands Region and is 
designated as a regional specialty. 
The main responsibility is to provide 
a routine specialist cytogenetic 
service for the Birmingham Central 
District Health Authority and also 
approximately half the population 
served by the West Midlands 










Regional Health Authority. The new 
H y 






I will be expected to develop 
$ g and research as and when 
additional staff and space become 
available. Separate job descriptions 





Medical Research, Mill Hil, 





DIRECTOR 


This i will become vacant when __ engineering applied to agriculture is not 













the present Director leaves, on 12th March essential but candidates must showan —— 
84, to become Director-General of the appreciation of the needs of the agricultural = 
Agricultural Development and Advisory industry. eke. 
Service of the Ministry of Agriculture, salary £25,455 p.a.inGrade4d = 
Fisheries & Food. ` (new unified grading). There isanon- 
The Institute is an independent contributory superannuation scheme, 
research establishment grant-aided bythe The successful applicant may qualify for 


Agricultural and Food Research Council. financial assistance with removal 







It is located at Silsoe, Bedfordshire, and expenses. 
employs a staff of about 450, of whom Application forms and further details 
some 250 are engineers and scientists are obtainable from: The Secretary, 
covering a wide range of disciplines. National Institute of Agricultural 
., ~andidates must be professionally Engineetin , Wrest Park, Silsoe, Bedford 
qualified in engineering or the physical MK45 HS Completed application forms F 
sciences and have had considerable should be returned not later than 16th i AL 
experience in research management and April 1984. aoa TE 


in the formulation of applied research and The BSRAE is an Equal 
development programmes. Experience of Opportunity Employer. 


National institute of Agricultural Engineering 


(The British Society for Research in Agricultural Engineering) 


























ST. GEORGE’S HOSPITAL 


UEENSLAND INSTITUTE 
MEDICAL SCHOOL Q OF TECHNOLOGY 
(UNIVERSITY OF LONDON) | DEPARTMENT OF BIOLOGY AND 
(DEPARTMENTS OF ANATOMY ENVIRONMENTAL SCIENCE 
AND IMMUNOLOGY) SENIOR LECTURER 
POSTDOCTORAL Position: Applied Plant Ecologist 
RESEARCH FELLOW OR with experience in applied 
RESEARCH ASSISTANT | community ecology. 


Applicants are requested to supply 
evidence of: experience in ecosystem 
management or monitoring; 
familiarity with computer modelling 
and floristics; active involvement in 
relevant interprofessional pro- 
grammes. 


The appointee will be expected to 
exercise academic leadership in 
applied ecology and will be 
responsible for appropriate 
curriculum development within the 


Required for 6 month CRC project to 
Study the expression of m RNA 
injected into frog oocytes. Salary up 
to £8,530 pa plus £1,186 London 
allowance. 


For details telephone Dr CC Wylie 
or Dr B H Anderton 01-672 1255 Ext. 
4632 or 4550. Applications (CV and 
the names of two referees) to Dr 
Anderton, Immunology Depart- 
ment, St. George’s Hospital Medical 
School, Cranmer Terrace, London 


SW170RE. (1379)A B.App.Sc(Biology) and the Associate 
Diploma in Applied Biology courses, 
aes oY for the supervision of Master of 








MEDICAL RESEARCH Applied Science research 








COUNCIL Programmes. 
NATIONAL INSTITUTE FOR Applicants should possess a higher 
MEDICAL RESEARCH degree, at tertiary level, and 
DIVISION OF IMMUNOLOGY industrial or other research 






experience. 


Initial appointment will be for a 
fixed term of three years, with the 
possibility of renewal. Consultancy 
activity, consistent with conditions of 
appointment, is actively encouraged: — 


Applications are invited for a post- 
| doctoral position in the Division of 
Immunology to work with Dr 
R. M. E. Parkhouse. The 
appointment will be for three years, 
from Ist September, to work on the 
biology, biochemistry and gene 
expression of membrane receptors 
for B-cell growth and different- 
lation factors, A background in 
biochemistry and/or molecular 
biology would be an advantage. 
















appointment may be made on a half- 
time basis, 


Salary range (for a full-time 

l TE, Arig LOATI S 

T | F- 7 | | p-a.: A$34,352-$36,585 p.a. Further 

ee Su a one pe information is available from Dr R G 
£1,186 London allowance, with| | Everson on (07) 223 2495, 

| {> Applications quoting N.10/84 


superannuation provision. ape 
Applications should include aj | together with full details including 
curriculum vitae and the names o elephone contact and the names of 
two referees and should be ser hree (3) referees to reach Personnel | 
the Director, National Institute for icer, Q.LT., G.P.O. Box 243 4, 
Londo sbane Qld., 4001, Australia, by. 
prii 1984 day, April 9, 1984.0 








































{program combining rece 


| molecular biology. DNAX conducts : 


in appropriate circumstances, the | : 
gother scientists at universities | 


PONAX Research | 
| Molecular and Cellula 
[Page Mill Road, - 


i Bemploverm/t/h | 


























Molecular | 
Biologist 


DNAX Research Institute has an 
opening for a molecular biologist to 
participate in a collaborative 
research project in gene expression 
in E. coli (with special emphasis on 
the regulation of the biosynthesis of 
translational machinery) and cDNA 
expression in yeast. ee ae 
The successful candidate will be 
expected to have a PhD in molecular 
biology or biochemistry, proven 
expertise in the field of E.coli gene. 
expression, with a minimum of one 
year's post-doctoral. experience in 
yeast gene expression especially as 
to the development of the dominant 
selection system. in. addition, the} 


| applicant should have demonstrated | 


skill in recombinant DNAX] 
technology, especially in. cloning] 
and expressing eukaryotic cDNA inf 
yeast. Salary 32-39K. = o f 
DNAX Research Institute, located} 
near Stanford University, has] 
established a strong basic resear 










advances in immunology a 


its pioneering research in an open, f 
academic-like environment, offering | 
its scientists opportunities forf 
frequent interaction with members | 
of its scientific advisory board and} 












around the world, xe 
DNAX has an excellent compe 
tions, and benefits pack: 
interested applicants should s 
curriculum vitae, se 
representative publication 
concise statement. of rese: 


interests, and names of 


references to: Barbara. H 
























_ DEPARTMENT OF SCIENTIFIC 
_ AND INDUSTRIAL RESEARCH 


Scientist 
CROP RESEARCH DIVISION 
= GORE 
| NEW ZEALAND 
| ; “The Crop Research Division of the DSIR requires a Piant 
Breeder at their Gore substation to continue the existing 
forage and brassica programme. The main objectives have 
been breeding for resistance to aphids and to club root 


and dry rot in swedes, turnips and rape and for greater 
< -animal utilisation under grazing in kale. 


The division’s Gore substation is located in the lower 
half of the South Island of New Zealand. The appointee 
would be assisted by field technicians, and support 
services provided by chemistry and tissue culture 
laboratories, entomologists and plant pathologists. 


_ Applications are welcomed from those who have an 
| appropriate honours degree and it is preferred that 
applicants have at least five years experience in brassica 
breeding. 
Further information, application forms etc may be 
_abtained from the New Zealand High Commission, New 
-Zealand House, London SW1Y 4TQ. Applicants should 
_ quote vacancy no, 885 and forward applications 
--. gecompanied by a resumé to: — 
| The Migration Branch, 
New Zealand High Commission. 
New Zealand House, Haymarket, 
London SW1Y 4TQ. 


Closing date: 19th April, 1984. (1384)A 


Pn amama 





SENIOR EDITOR 


‘The Scientific and Medical Division of Macmillan Press publishes 
scientific and medical monographs, symposia proceedings and learned 
journals. [tis looking for a senior editor to assist in its growth. He/she 
will be expected quickly to assume responsibility for the Division’s book 
| programme and. work closely with the Publisher to make a positive 
contribution to the commissioning and management of the Division’s 
-academie journals list. 


















his is a key appointment and candidates will be expected to 


emonstrate a proven commissioning record. A scientific publishing _ 
ground, in either life sciences or medicine, is essential. 


"his appointment is based in Basingstoke. 








4 pplications in strict confidence to: 


Sheilagh Browne 
Personnel Manager 
The Macmillan Press Ltd. 
Houndmills 

- Basingstoke, Hants. 
RG212XS 













(1263)A 








(SCIENTIFIC 
& MEDICAL 


MACMILLAN 
PRESS I 











LECTURER II | 





| 30th March 1984. Further details on 


IN GEOLOGY 


£7,215 — £11,568 
Normally with further 
advancement to £13,443 (SL) 

















The successful candidate is 
expected to have proven aptitude in 
teaching on Honours degree 
courses especially 1st year general 
mineralogy/petrology and also 
more specialised areas in 2nd and 
3rd years. 

Research interests in coal minera- 
logy, petrography and 
geochemistry are preferred. 
Further details and application 
forms — to be returned by Friday 
2rd March 1984 — are available 
from the Personnel Officer, 
Plymouth Polytechnic, Drake 
Circus, Plymouth PL4 BAA. Tel: 
Plymouth (0752) 264639. 
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MAX-PLANCK-INSTITUT 
FUR BIOLOGIE, TUBINGEN 


POST-DOCTORAL 
POSITION FOR PHYSICIST 


with interest in the study of the 
structure and dynamics of membrane 
proteins. Preference will be given to 
applicants with a background in 
spectroscopy. Appointment ` from 
April or later, salary according to 
stipend regulations (DM 2,2 
2,400.-- per month, tax-free). 


inte nt 
ee 





Pe onal 
* 


Applications with curriculum 


vitae, publications list and names of 


referees should be sent to: F. Jähnig, 
Max-Planck-Institut für Biologie, 
Corrensstrasse 38, 74 Tübingen, 
FRG. (W805)A 


gs Staining 
ROTHAMSTED 
EXPERIMENTAL STATION 
Harpenden, Herts AL5 23Q 
CHEMIST 


required in the Soils and Plant 
Nutrition Department to evaluate the 
agronomic behaviour of phosphate 


in nitrophosphate fertilizers using 


both pot and field experiments and 


appropriate laboratory work on both © 


crops and soils. The appointment is 
funded by Norsk Hydro Fertilizers 
Ltd for a period of three years from 


| May 1984. 


Qualifications: First or upper 
second class honours degree in 
Chemistry, Soil Science or appro- 


priate biological science with | 


experience in Chemistry. 
Appointment in the grade of 
Scientific Officer (£5,682 —— £7,765). 
Non-contributory superannuation. 
Apply by letter to. the Secretary 
giving the names and addresses of 
two referees and quoting Ref: 549 by 


. request , 
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RESEARCH ASSOCIATE > 
Applications are invited for two 

possible positions as research 
associate in theoretical plasma. 
astrophysics, space physics, $ 
physics and/or cosmig 












| astrophysics. A 


The successful applicant for the 
first of the positions will be expected >- 


| to devote a substantial part of hisor .- 
| her research to problems in solar or 


interplanetary physics. This position 
can be filled as early as Spring 1984 
and applications should be received 
by April 30, 1984. 

The second position involves 
research on cosmic rays and their 
interactions, in the solar wind or 
elsewhere. This position can be filled 
in Fall, 1984, and applications should 
be received by July 31, 1984. 


Applicants for either position 
should possess a PhD in a relevant 
area of physics, astronomy, Or 
planetary sciences. 


Inquiries and applications should 
be addressed to Prof J R Jokipii or 
Prof E H Levy, Department of 
Planetary Sciences, University O 
Arizona, Tucson, Az, 85721. vey... 


Applicants should send a résu 
complete bibliography, and arrange 
for at least three letters of 
recommendation from persons who 
are well-acquainted with the 
applicant's background and 
potential in research. The University 
of Arizona is an Equal Opportunity, 
Affirmative Action, Title ix, Section 
504 employer. (NW342)A 





THE UNIVERSITY OF 

NEW SOUTH WALES 

SCHOOL OF PHYSICS 
RESEARCH ASSOCIATE/ 

FELLOW 
Faculty of Science a 7 
The School is looking for a perso® 
join a research group working onthe 
development of infrared imaging 
array detectors. The work will 
involve the establishment of infrared 
measurement and characterization 
techniques suitable for testing the 
Schottky diode CCD arrays which 
are made within the group. It is 
anticipated that the successful 
applicant will take part in planning 
discussions relevant to future device 
development. 

Applicants must hold a PhD and 
some experience in infrared 
techniques and/or the development 






of hardware and software for 
imaging purposes will besan 









advantage. 


The position is available for up te 
12 months. ee. 8 

‘Salary in the ranges: Res. Assoc. 
$A20,164 — $A23,100 pa, Res. 
Fellow $423,394 — $426,500 pa 
Level of appointment is in accord 


| ance with qualifications and relevan 


experience. 
Applications close 6 April 1984... 


_ Please submit written applications 
quoting Ref No 79, to the Genera 

















~ MEDICAL RESEARCH 

S COUNCIL 

| NATIONAL INSTITUTE FOR 
44. MEDICAL RESEARCH 

aboratory of Developmental 

Biochemistry 


Applications are invited from 
postdoctoral candidates for a 
three year appointment in the 
Laboratory of Developmental 
Biochemistry (Head: Dr J.R. 
Tata, FRS). The successful can- 
didate will be expected to initiate 
research on gene. regulation in 
| early mouse embryonic develop- 
ment using DNA-mediated trans- 
formation of mouse zygotes. The 
work will involve the exploitation 
of techniques of recombinant 
DNA, microinjection of eggs and 
embryos, and cell transforma- 
tion. There will be ample oppor- 
tunity for collaboration with other 
investigators working in related 
areas at this Institute. Most facili- 
ties for these investigations are 
available within the Laboratory of 
Developmental Biochemistry or 
in adjacent laboratories. 


\ The salary will be in the range 
pte30 — £10250 per annum plus 















FET86 London allowance, with 
-superannuation provision. 
Applications should include a 
curriculum vitae and the 
names of two referees and 
should be sent to the Director, 
National Institute for Medical 
Research, Mill Hill, London 
NW7 1AA before 5th April 
1984, quoting ref: DBC/6/M. 
(1402)A 


STNA mermamen inamaana anaa emaan 


THE UNIVERSITY 
OF MELBOURNE 


DEPARTMENT OF VETERINARY 
PRECLINICAL SCIENCES 


LECTURESHIP 
.,, (LIMITED TENURE) 
NPplicants for this position should 


ned a degree in Veterinary Science 
ör an equivalent qualification. The 
successful applicant will contribute 
to the Department’s teaching, 
primarily in physiology, and to 
research in the sheep biology 
programme. The position is tenable 
from Ist May 1984 or as soon 
thereafter as possible, 


Salary within the range of 
$A23,394 — $A30,734 per annum. 
An appointee and dependants from 
interstate or overseas will be eligible 
to apply for travel and removal 







expenses. The appointee will be | 
required to contribute to the 


Academic Staff Retirement Fund. 


„Further printed information 
regarding details of application 






















appropriate, 


Project Leader 
Heterogeneous Catalysis 
up to £20,000 


An experienced Chemist is required to lead a major project team working on ae 
heterogeneous catalysis, in particular on syngas conversion and the synthesis oe 
and characterisation of microporous solids. | oe 


This post calls for an imaginative, innovative approach and a proven : - 
reputation, demonstrated by publications/patents, in heterogeneous catalysis. nine 


Candidates should possess a good Honours degree and Ph.D in chemistry 
followed by ten years’ post-doctoral research experience. During this time a 
research team will K 
characterisation of new catalysts and their use in heterogeneous catalytic 
reactions. The ability to plan and successfully implement a research ae 
programme, moving from the bench scale to small pilot plants, is essential. 


Starting salary will be in the range £15,000 to £20,000. The overall E 
remuneration package reflects that of a major international business and 
includes non-contributory pension scheme, subsidised restaurant, on-site 
Sports and social facilities and generous relocation assistance where 














Middlesex 


have been led, working on the synthesis and _ 


Please write in detail, quoting reference $R3139, to: Anne Hendry, The 
British Petroleum Company plc, BP Research Centre, Chertsey Road, 
Sunbury-on-Thames, Middlesex TW 16 7LN. 


Research 








-41404A . 





SUNBURY-ON-THAMES 























UNIVERSITY 
OF ARIZONA 


COSMOCHEMISTRY 
FACULTY POSITION 


The Department of Planetary 
Sciences and the Lunar and Planetary . 
Laboratory invite applications for a 
state-funded, tenure-track position 
in Cosmochemistry. The area of 
specialization within Cosmo- 
chemistry is open. 


The appointment involves 
research, teaching, and the super- 
vision of graduate students. The 
successful candidate will be either ata 


junior level with extraordinary 


promise of. scientific accomplish- 
ment, as well as the potential for 
developing substantial! leadership 
capabilities and an international 
scientific reputation, or will be at a 
senior level having already demon- 
strated these qualities, 


The position is available as early as 
August 1984 if a suitable candidate 
can be identified. Applications will 
be accepted at least until May 15, 
1984, or until acceptable candidates 
are identified. 
























Applications, including a résumé § 


and the names and addresses of f 
individuals who could serve as 


D 





epartm 
Universit, 


-range University Scale £8 








UNIVERSITY OFCAMBRIDGE © 
DEPARTMENT OF PATHOLOGY _—=©T 
Position immediately available fora postdoctoral scientist up | 
to 32 years old to work-on an EEC-supported project until 
March 1986, with a possibility of further extension. ame | 
This new project in the field of onchocerciasis (river E 
blindness) has recently been initiated in a group withastrong . E 
background in the immunology and molecular biology of E 
schistosomiasis. Applications are invited from scientists E 
with experience in molecular biology to work on the. E 
molecular cloning of DNA encoding antigens of Onchocerca B 
volvulus that may be of importance in immunopathology, : 
immunoprohylaxis and immunodiagnosis, and to participate E 
in ongoing studies on schistosomiasis. The project involves - 
close collaborative work with the Institut Pastuer, Lille, and 
with the MRC Laboratory, Bo, Sierra Leone. ce 


Previous experience in 























ssitied e = 


University of London 
Division of Preclinical Studies 
DEPARTMENT OF ANATOMY 


- Senior Lecturer in Anatomy 
Lecturer in Anatomy 


- Applications are invited for both the above posts. The lectureship is 
....“gvailable immediately, the senior lecturership in October 1984. 
< Appointment level and salary will be determined by experience and 
<. -qualifications. 

- Appointees will be expected to engage in research, and share the 
Department's teaching programme. Existing research interests in 
the Department include the developrnent, and functional adapt- 
ability of bone and muscle, thermo regulation, and reproduction. 
The teaching responsibilities are primarily to veterinary students and 
include the gross, microscopic and developmental anatomy of the 
domesticated animals. 

The posts are based at Camden Town. A veterinary qualification 
and relevant teaching experience are desirable but not essential. 
SALARY SCALES: Senior Lecturer £14,551 to £18,111 pa 
Lecturer £8,376 to £15,311 pa 
including London Allowance 
Removal expenses up to £1,350 may be reimbursed in approved 
-. circumstances. 
- Application form and further details from the Assistant 
Secretary (Personnel) The Royal Veterinary College, Royal 
College Street, London NW1 OTU (Tel 01-387 2898). 
~: Prospective candidates may send a curriculum vitae with 
~ names and addresses of three referees immediately. 
= Closing date for applications: 4 April 1984. (1350) 





_ EVOLUTIONARY BIOLOGIST 


| The Department of Biology, University of California at San Diego 
“invites applications for a tenure-track faculty position, available 
| -September 1984, in the area of evolutionary biology. The interests of 
. the appointee should complement those of the existing population 
| -biology group. Possible areas of interest include plant ecology, marine 

invertebrate ecology, plant/insect and parasite/host coevolution, 
population genetics, and quantitative genetics. Applicants who 
- combine quantitative/theoretical skills with experimental field and/or 
laboratory studies will be favored. The appointee must have had post- 
doctoral training and is expected to conduct a vigorous research 
. program. Salary and rank will be commensurate with qualifications and 
experience. Appointment. at the Assistant Professorial rank iS 
“preferred. 


Submita curriculum vitae; three letters of reference, and a brief 
statement of research interests by 16 Aprii 1984 to: Dr. Sandra 
< Vehrencamp, Population Biology Search Committee, Biology 
<- C-016, University of California at San Diego, La Jolla, CA 92093. 
<The University of California at San Diego is an Equal Opportunity’ 
- Affirmative Action Employer. (NW367)A 


Boos CAT THE 
UNIVERSITY OF ARIZONA 

E The University of Arizona is initiating an interdisciplinary program in 
theoretical astrophysics. i 

E Astronomy, Physics and Planetary Sciences. We interpret theoretical 

E astrophysics broadly, and areas of interest range from theoretical 

@ planetary physics to cosmology, including atomic physics, star 

E formation, condensed matter, etc. — 

E We anticipate a number of openings for tenure-line faculty positions in 

E Theoretical Astrophysics over the next few years. Appointments will be 






one or more of the participating departments and can be at either 
nior or junior faculty level, depending on qualifications. Appointees 
ii also be members of the Committee on Theoretical Astrophysics. 
Wei —ingu and applications from qualified theorists. 
ieir vita and bibliography, together 
rees and any other supporting 



































partment of Planetary 
unit 









THE ROVAL VETERINARY COLLEGE || ÆA 


Participating departments include | 


Chairman of the Theoretical 





y; affirmative action 
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BIOTECHNOLOGISTS! 


Are you reading Bio/Technology, the international Journal for 


industrial Biology? 


For a free sample copy of this new monthly Journal from the Publishers 


of Nature, please write or phone: 


Mirta Soto 
Bio/Technology 
15 East 26th Street 
New York 10010 
USA 

Tel: (212) 689 5900 




























MEDICAL RESEARCH 
COUNCIL 
NATIONAL INSTITUTE FOR 
MEDICAL RESEARCH 
VIROLOGY DIVISION 
Two three year postdoctoral 
positions are available in the 
Division of Virology to study (i) the 
molecular basis of the antigenicity 
and membrane fusion activity of 
influenza virus haemagglutinin, 
(Ref: V/4/B) and (ii) eukaryotic 
viral expression vectors, (Ref: 
V/5/S). Experience in protein 
chemistry or DNA cloning and 
characterisation of eukaryote 


genes is desirable. 
The salary will be in the range 
£8,530 -- £10,250 plus £1,186 


London allowance, with 
annuation provision. 

Applications, together with curri- 
culum vitae, research experience 
and interests and the names of two 
professional referees should be 
sent to the Director, National 
institute for Medical Research, Mill 
Hill, London NW7 1AA before 5th 
April 1984, quoting the appropriate 
reference mentioned above. 

(1389) 


super- 





UNIVERSITY OF 
NOTTINGHAM 


SCHOOL OF AGRICULTURE 
SUTTON BONINGTON, 
nr. Loughborough 


Applications are invited for the 
position of 


DOPOST-DOCTORAL 
RESEARCH ASSISTANT 


to work on an AFRC funded project. 


entitled ‘‘Degredation of pectic 


substances during tomato fruit | 
| ripening’. The project will involve 


the extraction and characterization 
of pectins from tissue before and 
after treatment with purified pectin 
degrading enzymes. 


Applicant should have, or be in the 
process of completing a Ph.D. 
Preference will be given to candidates 
with experience in the extraction and 
characterization of complex carbo- 


| hydrate polymers. 


Applications including a full e.v. 
and names of two referees should be 


i sent to Dr G A Tucker, Dept. of — 
Applied Biochemistry & Food | 
| Science, School of Agriculture, 
| Sutton Bonnington 


363 


Felicity Parker 
Bio/Technology 

Houndmills Industrial Estate 
Brunel Road, Basingstoke 
Hampshire, UK 

Tel.: (0256) 29242 


UNIVERSITY OF 
HEIDELBERG, 
DPT. OF BIOLOGY 


INSTITUTE OF | 
MICROBIOLOGY 
has an opening for an 
ASSOCIATE 
PROFESSORSHIP 
(C3) 


with tenure. A commitment to 
research and to teaching in 
general microbiology is expected. 


Applications including a CV, a 
list of publications, and a 
record of teaching experience 
should be send ta: 
MICROBIOLOGY, University 
of Heidelberg, im 
Neuenheimer Feld 230, 6900 
Heidelberg, FRG. 


Closing date Apri 19, 1984. 
(W80B)A | 













UNIVERSITY 
OF BIRMINGHAM 


DEPARTMENT OF BIOCHEMISTRY 
TEMPORARY © 
LECTURESHIP 1984/85 
A temporary lectureship is available 
in the above Department from I 
October 1984 to 30 September 1985. 
Ideally the successful candidate. 
would have a special interest in- 
bioenergetics, but applications from 
candidates with other interests are- 
welcome. | 

Salary will be on the lecturer 
£7,190 — £14,125 plus # 
annuation. isd 

Post tenable for up to one year. 
| from 1.10.84. Np 

For further particulars phone- 
| 021-472 1301 ext 2559, quoting. 
reference BI. ope 





No formal application form. Three _ 
copies of application, including full. 
‘Curriculum Vitae and naming three. 

referees to Assistant Registrar, 
` (Science and Engineering), PO Bo 
63, Birmingham. 
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MRC BRAIN METABOLISM UNIT 
EDINBURGH 









term (3 years). Remuneration will be at an appropriate point on the 
scale for university non-clinical academic staff. 

Further details can be obtain from the director, Dr G Fink, MRC 
Brain Metabolism Unit, De artment of Pharmacology, 1 George 


UNIVERSITY OF GENEVA 
SHERRINGTON SCHOOL OF MECHANISMS OF 
E BACTERIAL 
PHYSIOLOGY PATHOGENESIS 
ST Sahat S HOSPITAL Position of Research Associate or 
MEDICAL SCHOOL Post-Doctoral Fellow available for 
(United Medical & an initial period of 2-5 years, 
Dental Schools) depending upon experience, in a 





group working on bacterial patho- 
gens. Candidates, who must have 
worked productively for several years 
in the area of molecular genetics or 
medical microbiology, should send a 
cv, list of publications and the names 
and addresses of 3 referees to: Prof K 
N Timmis, Dept of Medical 
Biochemistry, University Medical 
Centre, 9, av de Champeld, 1211 


7° London SEI 7EH 
POSTDOCTORAL POSITION 
IN HUMAN 
NEUROPHYSIOLOGY 


Applications are invited for a post- 
doctoral position at the Sherrington 
School of Physiology to study organ- 
ization of central synaptic input to 




















= motoneurones in man. Geneva 4, (W791)A 
For more details contact Dr John teeters 
Stephens, Sherrington School of 
Physiology, St Thomas’s Hospital MEDICAL RESEARCH 
Medical School, London SE] TEH, COUNCIL 
England. Tel No:- 01-928-9292 ext: 
2241/7. (137A LABORATORY OF 
MOLECULAR BIOLOGY 
SES eee eee OE ei N Cambridge 
Applications are invited for a 
MIRC CELL BIOPHYSICS CAREER NON-CLINICAL 
) UNIT SCIENTIFIC 





Aj plications are invited for a three- 
year, short-term 


POSTDOCTORAL 
RESEARCH POSITION 


available from 1 October 1984, to 
work on the molecular biology of 
dedifferentiation and morphogenesis 
in amphibian limb regeneration. This 
position is part of a collaboration 
between Dr Jeremy Brockes and Dr 
Roger Patient involving the analysis 
of gene expression in relation to these 
phenomena. Recent studies have led 
to the development of monoclonal 
antibodies as markers for blastemal 
and differentiated cell types both in 
vivo and in vitro; further studies will 
alo involve the application of nucleic 
acii hodology. Experience in re- 
mbinant DNA techniques would 
be an advantage. 















post with the Medical Research 
Council to conduct research in the 
molecular biology of positional 
information during development. 


The Laboratory would like to 
appoint a scientist with considerable 
experience in developmental biology 
who will study the nature of 


development. The appointment will 
be within the Division of Cell Biology 
in the first instance. 


Remuneration will be at an 
appropriate point on the scales for 
university non-clinical academic 
staff. Further information may be 
obtained from the Assistant Director 






istration), M | 
don, | Molecular 























morphogens and how they act during |- 


(Administration) quoting reference 
CB/7. l 











Blood Group Reference Lat 
Oxford 


Head of Reference 
and Research 


The Blood Group Reference Laboratory is a central labora 
the National Blood Transfusion Service and is based in mc 
pleasant surroundings in the Radcliffe infirmary in central Ox 
A Top Grade Scientist is required to become Head of the Se 
of Red Cell Reference. The present activities of this section 
include investigation of serological problems referred from: 
laboratories at home and abroad, preparation ofrare grouping 
reagents and maintenance of the National andinternational = = 
Panels of Rare Donors. En 
In addition, the Head of Reference will be required to establisha 
reference facility for the biochemical analysis of blood group Ss 
variants, to undertake research into the nature, structure and ioo o. 
function of blood group antigens and to investigate the genetic oco o< 
basis of blood group polymorphisms. BE ae 
This is a challenging post and the Section will be expanded as. 
appropriate in order to Eppan these developments. ideally eos 
applicants will have a background in membrane chemistry with — $ 
experience in blood group antigens. i 
The oe will be a Top Grade Scientist, salary range- ss 
£16,090 to £21,311. ASE es 
Further information may be obtained from Dr. A.M. 

Holburn Oxford (0865) T22. 

















































Applications with names of two references to: MissK. F 
Lomas, Administrator, Blood Group Reference Laboratory, E 
Harkness Dane. adcliffe infirmary, Woodstock Road, f 

f: 193. (1342A f 


Oxford OX2 6HE. Ref: 














nature 


the weekly international journal of science 


seeks an unusual sub-editor 


to heip 500,000 readers keep up with science 


Essential qualifications: E 
literacy — Zeal = Meticulousness  — Tact 
Also desirable, two or more of the following: ra Fay tate 
Two years experience as a sub-editor 
Wide general knowledge of science 
Scientific or technical degree 
Work experience in a professional environment 
First-hand experience of research 


Duties include negotiation with scientist authors of acceptable and 
intelligible forms of words and preparation of manuscripts for the press. 
Opportunities for other journalistic work not excluded, Salary by _ 
negotiation. Age, Sex, etc. immaterial. Applications from exceptional 
part-timers considered. ee 
Replies by 8 March with full curriculum vitae to the Editor, Nature, E 
Macmillan Journals Limited , 4 Little Essex Street, London Wea IEF. 







































AT THE MAX PLANCK INSTITUTES IN 


MARTINSRIED/ MUNICH 


three independent gene technological research groups wilt b 
established in the following areas: aa 
1. Microsequencing of proteins and biologically active pi 
with emphasis on gas phase sequencing. ae 
2. Molecular embryology with preference on early mammali; 
development. 
3. Transcription {gene expression) in eucaryotes: | 
mechanisms and controls, preferentially regarding differentiati 
The Max Planck Institutes for Biochemistry and Psychiatry — 
together with the gene centre at the University of Munich, 
supported by the industry, provide an environment for - 

















































z NEW ZEALAND 
= Ministry of Agriculture and Fisheries 


SCIENTIST 


(Horticultural Product Development) 
Head Office, Wellington 


| The vacancy is in the Agricultural Research Division and is a 
newly created position. The appointee will be responsible for 
-. initiating and co-ordinating research into product developments 
of specific overseas markets, Particular emphasis will be placed 
on the development of new horticultural crop industries. 


The appointee will be expected to work in close collaboration 
with the Ministry's horticultural research scientists and in liaison 
with staff of the Ministry’s Advisory Services and Economics 
Divisions in relation to crop production, market access and 
market intelligence matters. 


Qualifications and Experience: 


Basic training in horticultural science, with qualifications or 
‘substantial experience in market research or marketing. Minimum 
qualification will preferably be at Masterate level. 


Applications quoting Vacancy No. 897 should be in writing, 
accompanied by a curriculum vitae and sent by airmail to: 


, The Senior Executive Officer (Personnel Service), Ministry 
| of Agriculture and Fisheries, Private Bag, Wellington, New 
Zealand. 


Applications close on 20 April 1984. (1363)A 


ilminin naan iaren ainarra 







UNIVERSITY OF OXFORD 


UNIVERSITY LECTURERSHIP IN 
-. METALLURGY AND SCIENCE OF 
MATERIALS 


: Applications are invited for a ‘New Blood’ University Lecturership, 
` tenable in conjunction with a Fellowship at Wolfson College, froma 
«gate to be agreed. 
The lecturer will be expected to undertake research in bulk, 
interface or surface properties of non-metallic materials {ceramics, 
“cements, polymers, glasses or composites). 
further particulars may be obtained from Prof. J. W. 
Christian at the department, Parks Road, Oxford OX13PH, to 
whom applications (nine typed copies, or one for overseas 
applicants) should be sent by April 6th 1984. 1368) 

























































RESEARCH CONTRACT 


Fluorescence Spectroscopy 


| The Home. Office Scientific Research and Development Branch 
| Fingerprint research group is looking for a graduate with research 
|. experience to assist a small team based near St Albans, Hertfordshire in 

C carrying out a programme of fluorescence measurements on finger- 

prints and related materials. | 
tably qualified applicants with experience of spectroscopy and 
ferably optical system design are invited to tender for a one year 
earch contract. The contract is to commence mid- 1984 and may be 
“extended for a second year. The contractor will work a 40 hour week on 
te. os i ee 



























































Tenders including a curriculum vitae, details of referees and price are to 
“be submitted no later than March 31 1984 to Terry Kent, Home Office, 
dcock Hill, Sandridge, St Albans AL4 SHO. | 
details may be obtained from Terry Kent or Sheila 
iis o (MOTA 





















































UNIVERSITY OF DUNDEE 
DEPARTMENT OF BIOCHEMISTRY 
POSTDOCTORAL WORKER 


OR RESEARCH ASSISTANT | 


required to work with Dr Grahame 
Hardie on a project funded by the 
Medical Research Council. The aim 
is to clone and sequence CDNA 
coding for rabbit fatty acid synthase, 
which contains seven active sites on 
each polypeptide chain and is a classic 
example of evolution by gene fusion, 
Candidates should preferably hold a 
PhD in arelevant area, but recent BSc 
graduates are also invited to apply. 
The post is available immediately, 
but candidates who can start at any 
time up to October 1984 will be 
considered. Appointment, on Ranges 
1A (£7190 — £11615) or 1B (£6310 — 
£8530) depending on age and qualifi- 
cations, will be for one year initially 
with possible renewal for a further 
two years. 


informal enquiries about the 
project may be made to Dr Hardie at 


the Biochemistry Department | 


(Dundee 23181, Ext 552). Letters of 
application, enclosing curriculum 
vitae and the names of two referees, 
should be sent to the Personnel 
Office, The University, Dundee, 
DD1 4HN as soon as possible. Please 
quote Reference EST/70/83J. 
{(1372)A 





UNIVERSITY OF LONDON 


INSTITUTE OF 
NEUROLOGY 


Application is invited for a post- 
doctoral position available for up to 5 
years in a group investigating 
transmitter amine metabolism by 
new techniques and studying 
relationships of findings to milieu, 
feeding, receptors and behaviour. 
Applicants should have relevant 
interests in neurochemistry or 
pharmacology. Considerable 
experience in HPLC analysis would 
be an advantage. Initial salary within 
range £8,376-£10,611 (including 
London Weighting). Apply with CV 
and names of two referees to: 
Professor G Curzon, 33 John’s 
Mews, London WCIN 2NS within 
two weeks of the appearance of this 
advertisement (1380)A 


UNIVERSITY OF 
WASHINGTON 


DEPARTMENT OF MICROBIOLOGY 
AND IMMUNOLOGY 


IMMUNOLOGIST 


Cellular Immunologist with molecu- 
lar orientation, Assistant or 
Associate Professor level, tenure 
track. Candidate expected to set up a 
strong research program, and to 
teach graduates, undergraduates. 





| tability to disease. The position is 
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THE MAX-PLANCK- 
INSTITUTE FOR 
PSYCHIATRY 
DEPARTMENT OF 
NEUROCHEMISTRY i S 
Martinsried/Munich, Federal’ — 
Republic of Germany 
offers a 
POSTDOCTORAL cs 
RESEARCH POSITION FOR 
MOLECULAR 
NEUROBIOLOGY 
Applications are invited for scientists 
interested in a project dealing with 
the cloning of newly isolated 
neurotrophic molecules. The 
position is particularly suited for 
applicants trained in molecular 
genetics intending to move into 
neurobiology. Appointments 
starting May 1, 1984 or later will be 
for two years initially and can be 
prolonged to 5 years. Salary 
according to Federal Regulation, 






Applications with curriculum 
vitae, publication list and names of 
referees should be sent to Dr H 
Thoenen, MPI für Psychiatrie, 
D-8033 Martinsried bei Münci 
West Germany. w7 









DUKE UNIVERSITY 
MEDICAL CENTRE 
RESEARCH ASSOCIATE 


Two excellent positions in established 
research lab. One for a person with at 
least 1 year postdoc experience or 
extensive graduate training in 
molecular biology/genetics to 
characterize genes coding for tumor- 
associated immunosuppressive 
proteins. Another for a person with 
experience in receptor biochemistry 
and/or protein kinases to work in 
characterization of leukocyte chemo- 
attractant receptors. Send a copy of 
CV, bibliography and 3 letters of 
reference to Dr Ralph Snyderman, 
Professor of Medicine and 
Immunology, Box 3892, Duke 
University Medical Center, Dut ast 











NC27710. (NW366)A 
UNIVERSITY COLLEGE 
LONDON 


DEPARTMENT OF HAEMATOLOGY 
Applications are invited for a 


POST-DOCTORAL 
RESEARCH ASSISTANT 


to work on the identity and 
mechanism of microbicidal action of 
the proteins from the cytoplasmic 
granules of phagocytic leukocytes, 
and their relationship between their 
cellular concentration and suscep- 


funded by the Wellcome Trus 
years from | April 1984 or ‘sireprily 
thereafter. The appointment wilf be. 
in Range IA. l 


Preference will be given to 
applicants (aged not above 32) with 
experience in protein purification in 
relationship to the field of cell 
biology. Some bacteriologica 
















© — ROYAL POSTGRADUATE 
MEDICAL SCHOOL 
$ (University of London) 
ea DEPARTMENT OF CHEMICAL 
a+ PATHOLOGY 
SENIOR RESEARCH 
OFFICER/RESEARCH 
ASSISTANT IN 
MOLELCULAR BIOLOGY 
© Senior Research Officer/Research 
Assistant required to join an MRC 
funded project to analyse gene 
expression in mouse brain. The 
position is available at post-doctoral 
or post-graduate level and 
prospective graduates in relevant 
disciplines will be considered. A 
suitable post-graduate candidate may 
“be invited to register for a PhD. The 
-+ postis funded until March 1987 and is 
available immediately though the 
‘actual starting date may be deferred 
as need be. Salary, including London 
Allowance, will be a maximum of 
-£9,716 (post-doctoral) or £7,353 
(post-graduate) according to age and 
“experience. 


‘Application forms and further 
particulars can be obtained from the 
Personnel Office, Royal Post- 
gra@mfate Medical School, 150 
Ducane Road, London W12 OHS, 
= quoting reference number 4/SL/H. 


Closing date: 29 March 1984. 
(1358)A 





0 tata amaeana. 


UNIVERSITY OF 
PENNSYLVANIA 
NEUROBIOLOGY 


Two postdoctoral positions in 
cellular neurobiology (September 1). 
One for a study of the biology of glial 
cells and neuron-glial interactions. A 
second for optical measurement of 
membrane potential and light scatter- 
ing studies of nerve terminals. 


Candidates with diverse back- 





(NW356)A 


employer. 
ee 
-MERTON COLLEGE 


“UNIVERSITY LECTURESHIP 
IN ZOOLOGY AND 
- TUTORIAL FELLOWSHIP 


“Applications are invited for a lecture- 
-ship to be held in the Department of 
Zopingy in the field of Animal 
iour/Evolutionary Biology 
luding population genetics), 






“Stipend according to age on the scale 
“Of £7,190 — £15,085. The successful 
candidate may be offered a stipend- 
dary Tutorial Fellowship at Merton 
College. 








| Paediatric 





MEDICAL RESEARCH 
COUNCIL 
DENTAL RESEARCH UNIT 


PERIODONTAL DISEASES 
PROGRAMME 


BIOSTATISTICIAN 


Applications are invited for a non- 
clinical Scientific post in this newly 


established M.R.C, Unit, tenable for | 


three years. Applicants of post- 
doctoral status will be preferred but 
well qualified candidates with less 
than three years post-graduate exper- 
ience will also be considered. 


The appointee will be expected to | 
supervise data collection and storage, | 


to handle data analyses and to share 
interpretation as well as being 
responsible for the Unit’s literature 
retrieval and storage systems. 


Remuneration will be at an appro- 
priate point on the scales for Univers- 
ity non-clinical academic staff. 
Further information and an 
application form can be obtained 
from the Hon. Director, Professor 
N.W. Johnson, MRC Dental 
Research Unit, The London Hospital 
Medical College, Turner Street, 
London, El 2AD, Tél: 01-247-5454 
Ext. 89. Applications including a full 
C.V. and the names of two profess- 
ional referees should be made by 19th 
April, 1984. (1395)A 


TAAIE ananin mire rary naana a 


RESEARCH Associate/Biochem- 
istry, perform independent research 
in protein purification and analysis 
of protein structure/function 
relationships. Record and analyze 
data. Keep abreast of relevant 
scientific literature and new develop- 
ments in protein chemistry. 40hrs/wk 
9am—Spm $19,500 per yr PhD or 
equivalent required in biochemistry 
and I yr in job or 1 yr research 
associate/biochemistry. Must have 
thorough working knowledge of 
oxidation-reduction enzymes, mixed 
function oxidases and their catalytic 
mechanism. Mail résumé to DC 
Department of Employment 
Services, 500 C Street NW Room 324, 
Washington DC 20001, Refer to JO 
no. 3230. (NW365)A 


Be ia ee a EA 
INSTITUTE OF CHILD 


HEALTH | 
UNIVERSITY OF LONDON. 


ELECTRONMICROSCOPY 


RESEARCH ASSISTANT 
Applications are invited from 
graduates with a good honours 
degree in biological sciences for a 
research post in electronmicroscopy 
in the Department of Paediatric 
Cardiology. The position is for one 
year in the first instance. Post- 
graduate experience in electron- 
microscopy, both practical and 
theoretical is essential. Initial salary 


will be according to age and 

experience within University Scale 1B | 
for Academic Related Research Staff | | 
£7,496 — £8,376 per annum |] 
(inclusive of London Weighting). | | 


Applicants should se dcurriculum p 








vitae and the name 
Dr Sheila G Hav 








for Sick Chi 





RH14HY. 








- PhD., etc, with a successful background 


< town. 


= Please send your application to Jacques ; 
_ TIXIER with the reference 333 N. E 








BREWING RESEARCH FOUND/ | 

GENETIC — 

DEVELOPMENT ) 
= YEASTS 


A vacancy has arisen in the Foundation’s Fermentaton _ 
Section of a molecular biologist/ biochemist to _ 
establish new directions in the genetic developmentof 
yeast strains using recombinant DNA techniques. _ 
Targets include (a) reducing raw material costs (b) 
improving control of fermentation and beer quality _ 
and {c} enhancing the value of yeast as a by-product. _ 
The successful candidate is likely to have a PhD and _ 
accomplishments in genetics, molecular enzymology 
or cell biology. Experience related to either (i) the 
regulation of gene expression or (ii) the manipulation 
of secretory processes in micro-organisms would be a 
particular advantage. er 


















Salary will be according to age, qualifications and 


experience, Applications including curriculum vitae 
and names of two referees should be sent to: sore 


The Assistant Director, Brewing Research | 
Foundation, Lyttel Hall, Nutfield, Redhill Surrey : 











BIOLOGY 
PROJECT SUPERVISOR 
(C-DNA) 


_ The research manager of a pharmaceutical os 
_ company, a world leader in its market, 
_islooking for a project supervisor for is 
GENE - SPLICING UNIT. ae 
© His: primary task, working with a team of 
biologists, will be to set up a bank of 
EUKARYOTIC C-DNA. ae 
He will be a man or woman at least 28 year 
old, a D.Sc., agricultural expert, pharmacis 





-~ molecular biology laboratory. ae 
Potential applications are vast, and this b 
logist’s work will have almost immediatel 
practical consequences. eae 

The location is a leading French university = 





MOLECULAR | | 



















































for new biological or 
chemical compounds. | 


| to develop new drugs. 





We. are nota pharmaceutical firm “but a Swiss-based, 
independant financial group which is prepared to let you 
participate in a capital venture for the exploitation of your 
project... = 


Our objective: the development of new biological or chemi- 
cal products having previous pharmalogical screening up 
to the stage of clinical tolerance and efficacy required to 
permit licensing negotiations. 

To obtain all the information required for initial selection, 
please write in English, French or German to: 
‘DEBIOPHARM S.A. Petit-Chéne 38 - 1001 LAUSANNE 
(Switzerland), =o 

EE ig OS ae (W656)A 





































CHEMIST. Conduct research in con- 
nection with the synthesis of novel 
compounds for biological and 
pharmacological evaluation and 
development of new and efficient 
-processes for the preparation of these 
novel compounds. Must have PhD in 
organic chemistry, one year of post- 
doctoral experience in the synthesis, 
isolation and characterization of 
organic molecules, and training in 
areas associated with medicinal 
chemistry, ie, biochemistry, enzyme 
chemistry, pharmacology and phar- 
macokinetics, especially synthesis of 
pharmacologically active 
compounds, plus strong background 
in theoretical and experimental 
aspects of modern synthetic 
chemistry. Job in Palo Alto. Salary 
$35,700 yr. Send this and your 
résumé to Job No 4614, PO Box 865 
Sacramento, CA 95804, not later 
than 3/9/84. EOE. (NW354)A 


POSTDOCTORAL POSITION 
A position is available to join our 


St Louis, MO 63110. 

“The position is available im- 
mediately and is funded by a research 
grant for a minimum of 2 years. 
Renewal for a third and final year is 
possible. (NW336)A 


“MEDICAL RESEARCH 
~~ COUNCI 





| GUY’S HOSPITAL 
1e|.| JUNIOR MEDICAL PHYSICS 


‘biology. Both these. IE 
ents will be for three years | | 
cts starting date of Ist} 1. 


- Natural Sciences, Chemical Labora- 


Kent CT2 7NH to whom completed 
applications shouldbe submitted by - 
30 March. 1984: Please quote ref- 
| ALL/84/N, 





THE UNIVERSITY OF | 

_ MANCHESTER 
RESEARCH ASSISTANT 
Rheumatic Diseases Centre, 


| Hope Hospital and Department 


of Medical Genetics, 

St. Mary’s Hospital 
BSc graduate required to join a 
collaborative 3 year project investi- 
gating genetic markers in rheumatoid 


- arthritis. Duties will include HLA 


serology and a variety of electro- 


| phoretic techniques to identify genetic 


variants of complement and œ, anti- 
trypsin. Some experience in 
immunological techniques, in 
particular serology and electro- 
phoresis, is desirable. If suitable, the 
successful candidate may register for a 
higher degree. Salary on the IB scale 
for Research staff starting at £6,310. 


Informal enquiries to Dr P A Dyer, 
Department of Medical Genetics, St 
Mary’s Hospital, Manchester (tel 
061-226-9633 Ext 470). 


Applications, including experience, 
qualification and the names of two 
referees, to Dr D M Grennan, 
Rheumatic Diseases Centre, Hope 
Hospital, Salford M6 8HD (tel 
061-789-7373 Ext 624). 

(1374A 





UNIVERSITY OF KENT 
AT CANTERBURY 
Biological Laboratory 
POSTDOCTORAL / 

GRADUATE RESEARCH 
ASSISTANT 


Applications are invited from 
candidates who expect to submit fora 
PhD degree by July 1984, or who 
have at least two years’ postgraduate 
research experience, for the above 
post funded by the SERC (Biotech- 
nology Directorate). The appointee 
will participate in a study of the 
stability and expression of chimaeric 
plasmids in Saccharomyces cerevisiae 
during continuous cultivation in the 
laboratory of Dr M F Tuite. 


Experience in the areas of 
recombinant DNA and/or microbial 
physiology would be desirable, but 
not essential. Salary will commence 
at £7,190, on the Grade 1B scale and 
the appointment will be for a period 
of 3 years. 


Application forms and particulars 
may be obtained from the Senior 
Assistant Registrar, Faculty of 


tory, The University, Canterbury, 


(1366) 


| zation and should have consi 
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OF LIVERPOOL 
DEPARTMENT OF DENTAL 
SCIENCES — | 
SCHOOL OF DENTAL SURGER 
TECHNICIAN GRADE ¥ 4 
to join research team investigating ed 
biochemical/cell biological aspects 
of tissue response to prosthetic ~ 
materials used in surgery and ` 
dentistry. Candidates will be required . 
to operate a range of sophisticated 
research equipment and prepare 
results of experiments for inter- 
pretation. 






Candidates must possess HND in 
Applied Biology or appropriate 
equivalent as minimum qualifica- 
tion, plus eight years relevant 
experience. This should include 
protein biochemistry (especially 
work with enzymes), general 
biochemical techniques and 
preferably some histology and“ 
microscopy. 


Post available for maximum of 
three years. Salary within range 
£6,279 — £7,332 per annum. 







Application forms may 2e 
obtained from The Registra St 
University of Liverpool, PO Box 147, 
Liverpool L69 3BX. Quote Ref: 


RV/233/N. (1359A 





STAFF RESEARCH 
ASSOCIATE H 


Position available ás research 
technician to join a group studying 


expression of genes at the RNA and 


protein level in human cells and 
tissues. The salary offered is 
$2,022/mo. The minimum require- 
ments are graduation from college 
with a major in a related field, plus 3. 
years of experience in the kind of 
work to be performed; or an equiva- 
lent combination of education and 
experience. 


Candidate will be involved in. 
DNA, RNA and protein characteri- 






background in tissue culture; nugae 
acid isolation, blotting and hybrid- 

ization techniques; protein analysis 

using liquid phase immunoprecipi-. 
tation and Western blotting; 
immunologic techniques, including: 
hapten-carrier coupling, animal 

immunization and ELISA assay of 

sera. 


Send resumé and names of three 
references to Dr Dennis Slamon, 
Department of Medicine, Division of” 
Hematology-Oncology, Factor Bldg, . 
room 11-151, UCLA School of 
Medicine, Los Angeles, California: 
90024. | (NW34B)A «> 
































UNIVERSITY COLLEGE OF WA ES 
ABERYSTWYTH = 
DEPARTMENT OF PHYSICS n 
LECTURESHIP IN MICROELECT 
Applications are invited from candidates well qualifie 
Electronics, preferably with industrial experience, for a 
Microelectronics tenable from 1 October, 1984. The pe 
will be required to contribute to undergraduate teachin 


~ Centro Di Riferimento 
Oncologico (CRO) 
Aviano (PN) 


¿ Per le Divisioni di Oncologia Sperimentale del CRO si cercano 
‘laureati in Medicina e Scienze preferibilmente con esperienza 
all'estero in laboratori di biologia molecolare, biologia cellulare ed 
immunologia. 

| programmi di ricerca riguardano l'analisi di oncogenic, I rapporti tra 
differenziamento e trasformazione neoplastica, lo sviluppo di 
modelli in vitro dell'interazione cellula trasformata-ospite. 

Inviare curriculum ed ogni informazione utile all'attenzione del Dott. 
Mauro Bioicchi o de! Dott. Alfonso Colombatti, Divisioni di 
Oncologia Sperimentale, Centro di Riferimento Oncologico, 33081 
Aviano (PN). 
Per ulteriori informazioni telefonare al Dott. Mauro Boiocchi 
(Istituto Nazionale dei Tumori, Milano, tel. 02-2390 int. 273) o al 
Dott. Alfonso Colombatti (Istituto di Patologia Generale, 
Universita’ di Padova, tel. 049-42408). {(W784)A 


GENERAL MANAGER 


BIOTECHNOLOGY EQUIPMENT 
COMPANY 


The company is a highly reputed, east coast based, 
fast growing supplier of capital equipment to the USA 
pharmaceutical and biotechnology industry. 


hey 


ian 


~The products are acknowledged technological leaders 
“and are backed by an unusually compentent sales and 
service team devoted to first class customer support. 









































and experience, dt 
Further particulars and application forms can bec 
The Registrar {Staffing Office) The University Colleg 


Old College, King Street, Aberystwyth SY23 2AX (T. 


Ext. 207) Closing Date for applications 30 March 1984, 


_ JAPANESE 
BIOTECHNOLOGY 
STUDY TOUR | 


An in-depth series of site visits, conferences and 
seminars with some of Japan’s leading 
industrial scientists and executives in 
biotechnology. 4 
This exclusive study tour is designed to give 
western scientists and executives an 
Opportunity to become acquainted with the 
Japanese marketing and research capacity. The 






























































The position carries full responsibility for the 
marketing administrative and financial operations of 
the company. 







The successful candidate will have a strong 
background in chemical engineering, microbiology or 
a similar biotechnology related discipline plus a good 
track record of broad based general management in a 
sales orientated company. 











Japan from March 31-April 15. An 
For further information, contact: Technology _ 
Transfer Institute — New York, One Penn 
Plaza, Suite 1411, 250 W. 34th St., New York 
N.Y. 10119. 212-947-2648 telex 420087TTIUI 
Attention: Mr. Hashizume. (NW174)C 





















Please send full details of career to date and 
current remuneration package to box no. J39 
Biotechnology, 15 East 26th Street, New York, 
A Wew York 10010. BioX 


UNIVERSITY OF 






















“UNIVERSITY OF 


























; PENNSYLVANIA unene 
NEWCASTLE UPON TYNE DIABETES RESEARCH UNIVERSITY OF UNIVERSITY OF READ] 
‘DEPARTMENT OF PLANT BIOLOGY CENTER NOTTINGHAM MEDICAL DEPARTMENT OF PURE. E APF 
LECTURER TWO RESEARCH SCHOOL | = ZOOLOGY 
Applications are invited for the post ASSISTANT PROFESSORS ' 


POSTDOCTOR/ 


of Lecturer in the Department of 


| DEPARTMENT OF BIOCHEMISTRY 
Plant Biology. | 


non-tenure track, PhD or MD, with 
pertinent postdoctoral experience. 
Candidates will be expected to have 
theoretical knowledge and practical 
proficiency in molecular biology for 
studying fundamental problems of 
pancreatic islet cell metabolism or 
expertise in biochemical pharmaco- 
logical approaches to investigate the 
role of ion channels and pumps in 
stimulus secretion coupling in 
endocrine cells. 










= The successful applicant will be 
expected to teach and promote 
research on an experimental aspect of 
algology or mycology. 


Candidates must have appropriate 

xperience in teaching and post- 
3raduare research. The post is 
enable from Ist October 1984. 


will be at an appropriate 
an the Lecturers’ salary scale: 
90-£14,125 per annum, 
ording to age, qualifications and 
erience. 


POSTDOCTORAL FELLOW 


Applications are invited for a post- 
doctoral. fellowship supported -byi 






















Pfizer Ltd, to study inositol and 
phospholipid metabolism. of ` peri- 
pheral nerves in relation to diabetic | 
neuropathy, — o 




























Please send résumé, including list 
of publications and summary of 
research, and three letters of 
reference to: Franz M Matschinsky, 
MD, Director, Diabetes Research 
Center, University of Pennsylvania, | 0 
School of Medicine, 414 Anatomy= fo App 


The post is for two years initially, | di 
at a starting salary between £7,190! inder 
and £8,080, depending on age and w 
‘experience, with USS membership. =| 





























gton| Chemistry Bldg./G3, Philadelphia, | names 
Er} PA 19104. 0 i 






blis 
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2a 
Queen's Fellowships 
in Marine Science 


To commemorate the Royal visit to Australia in 1970 the 
Australian Government established the Queens Fellowships 
Scheme. Under this Scheme up to five fellowships may be 
awarded each year for full-time research by young scientists 
of exceptional promise and proven capacity for original work. 
These awards are tenable at an Australian university or ap- 
proved research institution normally for two years. Tenure of a 
Fellowship is expected to commence within nine months ofthe 
announcement of the award. 

QUALIFICATIONS: Queen's Fellows should have a Ph.D. or 
equivalent qualifications, or equivalent research or profes- 
sional experience, in a discipline applicable in marine science 
or coastal engineering. 

Awards will, in general, be restricted to applicants who are not 
more than 30 years of age on the date when applications 


een Elizabeth ll 
ellowships Scheme 


| PHYSICAL & BIOLOGICAL SCIENCES 










| To commemorate the Royal Visit to Australia in 1963 the Austra- 
| lian Government established the Queen Elizabeth I! Fellowships 
~ Scheme. Under this scheme up to ten fellowships may be awarded 
| each year for full-time researc by young scientists of exceptional 
$ promise and proven capacity for original work. These are post- 
1. doctoral awards tenable in an Australian university or approved 
J- research institution normally for two years. Tenure of a Fellowship 
| is expected to commence within nine months of the announce- 
|. mentof the award. 
| QUALIFICATIONS: Queen Elizabeth li Fellows must be either 
-Australian or United Kingdom citizens. They should have a PhD., 
- or equivalent qualifications, jin one of the physical or biological 
- Sciences (which are deemed to include mathematics and the 
~ scientifi met- 
















































































close. 

SALARY: $24,445 (Australian) per annum ~ increased to 
$26,540 at age of 28 years. 

TRAVEL EXPENSES: Necessary travel expenses are paya- of 







ble. 
APPLICATIONS: Persons interested in applying forthe above N 
fellowships should obtain application forms from: k; 
The Executive Officer, Queens Fellowships Scheme, Depart- 
ment of Science and Technology, P.O. Box 65, Belconnen, 
A.C). 2616, Australia. 

The next round of awards will be announced in August 1984. 
Applications close on 18 April 1984. WW793}E 





io i, be restricted to applicants who are not 
{| more than 30 years of age on the date when applications close. 
= per annum ~ increased to $26,540 














$ fellowships should obtain application forms an 

] the conditions of award from: 

| Executive Officer, Queen Elizabeth il Fellowships, Department of 
-Science and Technology, P.O. Box 65, Belconnen, A.C.T. 2616, 
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ashe round of awards will be announced in July 1984 UNIVERSITY OF UNIVERSITY OF YORK 
| © Applications received after the closing date of 13 April 1984 will BIRMINGHAM DEPARTMENT OF CHEMISTRY 
\.. not be considered. IW794)E DEPARTMENTS OF CHEMICAL 
: : ENGINEERING AND IMMUNOLOGY POSTDOCTORAL 

LARGE SCALE RESEARCH FELLOWSHIP 
ee MONOCLONAL, ANTIBODY | 
ao PRODUCTION Applications are invited for a 
UNIVERSITY Applications are invited for a post- | ea ene ee 
; doctoral Fellowship in this major SOE aN ey 
= Tae ae bee Nee programme jointly funded by the Hester, on chemical and bioche otal 
Beka Southam yton Biotechnology Directorate of systems at modified electrodes TMaser 
ES? is E if SCHOOL OF BIOCHEMICAL | S.E.R.C. and Unilever Research Ltd. Raman spectroscopy will be. the 
s (a i AN PHE ry AND PHYSIOLOGICAL Uia prianim aim is sf Aon Pee eee me wor 
o {IUN E & TY Q arge scale in-vitro cuiturë o i, , X 
i N YE UNIVERSI SCIENCES Hybridomas secreting monoclonal SERC central laser facility in the 

























Rutherford Laboratory, near 


A 
ee Oxford. 


Applications are invited for a 


A ; antibodies of industrial importance. 
temporary (1 year) teaching fellow- 


The Fellow will work in a multi- 












POSTDOCTORAL 









ee ship in the Nutrition group. | discipli Ioanni : E , , TR 
Se i plinary team in a newly equipped The post is available immediately 
: FELLOWSHIP IN HIGH Applicants should preferably havea | laboratory with senior grade tech- | for a ite erin a. 
TEMPERATURE PhD or will have submitted by the | pical assistance dedicated to this 
=- PHOTOELECTRON starting date of this appointment, | project, Salary within the lower part of the 








ae SPECTROSCOPY which will be between August Ist and 
Pei ee | September Ist 1984. While applicants 
doctoral Fellowship}}| with expertise in any area of 
appeal to a person with] Nutrition will be considered, 
ce in. chemical physics, |] preference will be given to candidates 
mistry or related areas. f| with research experience in a 
ct involves the generation|| metabolic aspect. The Teaching 
e intermediates by high]| Fellow will contribute to the lecture 
and practical programmes for both 
Medical and Science undergraduates. 


j| The salary, which will be in the 
|-range of £7,190 — £11,615 will be 
|| according to age and experience. 
Further details may be obtained by 
jl writing to A J Small, Staffing 

Secretary, The University, South- 


Applications, to. 


The Fellow should, preferably, 
have previous experience of practical 
techniques of in-vitro cell culture, 
and a particular interest in definition 
of nutritional requirements of cells. 

Post tenable for up to 13 months 
from | May 1984. 

Salary on the Research Fellow IA 
scale £7,190—£11,615 plus super- 
annuation. 

For further particulars phone | 
021-472-1301 ext 2559, quoting 
reference T2. a 



















































1. OBJECTIVES 

The Commission of the European Communities has 
undertake an experimental Stimulation Action 
designed to improve the efficacy of European 


research and development. This experimental action 


is intended to test various methods of support 
appropriate to the Community level, methods which 
are innovative by comparison with the range of 
available approaches which have been used by the 
Commission for several years in implementing its 
scientific and technical programmes. 


2. AREAS AND ACTIVITIES SUPPORTED 

The following may be supported: 

— projects put forward jointly by teams of 
researchers or engineers from the various 
countries of the European Economic Community, 
and requiring collaboration — on a mono or 
multidisciplinary basis — between these teams 
(either in the public or private sector) in order to 
be brought to a sucessful conclusion; 

— projects involving the secondment for relatively 
long periods of time (more than six months) of a 
researcher from a laboratory in one country of the 
European Community to a research centre in 
another country of the European Community; 

— activities which enable communication and 
dissemination of information (especially where 
this is multidisiciplinary in nature) to be 
strengthened within the scientific and technical 
system of the European Economic Community. 

Seven areas of activity have been selected for the 

experimetal phase 

= — Pharmacobiology: a multidisciplinary approach to 

yw the numerous scientific problems posed by the 
application of modern biology in this field 
particularly as regards inter and intra cellular 
communication: 

— Solid State Physics: for example structure 
phenomena and the processes of preparing 
composite materials: 

— Optics: particularly optoelectronics and the 
applied or theoretical development of the 
mathematics involved in this sector; 

— Combustion: a theoretical approach involving 
new basic knowledge of systems experiencing 
imbalance and ignition phenomena ( changes in 

ae material undergoing combustion): 

< — Photometry — Photoacoustics: particularly their 
application to the field of non destructive 

analysis; 

— Interface phenomena: particularly catalysis and 
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-~ ANNOUNCEMENT OF OPPOR 
THE SUPPORT OF RESEARCH AND 
DEVELOPMENT IN THE EUROPEAN 

COMMUNITY 
Experimental action, 1984 to Stimulate the — 
efficacy of Europe’s scientific and technical potent 





TUNITIES FOR 




















































3. SUPPORT METHODS TO BE TESTED IN 

— Research Grants: payment of a grant to cover the 
travel, accomodation and research expenses, 
involved in the secondment of scientists to Boe 
laboratory in a country other than that in which- 
they are currently employed upon research => 
(within the EEC): ae 

— Assistance intended to increase the mobility of 
researchers: a contribution to the dissemination a 
of the best available knowledge and the 
development of contacts between researchers. 
(subsidies): 

— The twinning of laboratories in different 
countries: to enable researchers working in 
parallel in an advanced field of study in various > 
countries of the Community to work togetherin 
order to achieve a “critical” scale: the allocation 
of a grant making it possible for researchers to 
meet, to carry out joint experiments and 
exchange results. 


4, THE ALLOCATION OF COMMUNITY 
FINANCIAL SUPPORT 

The Commission hopes to receive proposals ae i 
corresponding to the specifications set out at points 
2 and 3; these proposals should show the amount of 
support required. They will be evaluated by means. 
of a system of referees set up under the aegis of the 
Committee for the European Development of 
Science and Technology (CODEST) which is E 
responsible for advising the Commission on ths 
matter, 


The level of support given by the Commission wil 
vary according to the method of intervention. 


5. PROCEDURE a 
Any person or body (either in the public or private. 
sector) wishing to learn more about the experimental 
stimulation action, or who wishes to submit a Be 
proposals should contact the following address as. 
soon as possible: 

General Directorate for Science Research and 
Development 

Division XIl-A-2 

Stimulation Action 

Commission of the European Communities 
200, Rue de la Loi | 

B — 1049 BRUSSELS 

BELGIUM 





















ird International 
Congress 

a on 

CELL BIOLOGY 
(Hit ICCB) 


August 26 — August 31, 1984 in 
ae Tokyo, Japan 


_ Sponsored by the 
International Federation 
for Cell Biology (IFCB), 
organized by the Japan 
| Society for Cell Biology 
i (JSCB) 


E| The contents will include: 








| * Plenary Lectures by N. LeDouarin, 
| KER. Porter, D. D. Brown and S. Tonegawa 












“Symposia and Workshops by 350 invited 
Speakers 











Poster Demonstration by Free 
Submission — Deadline of Abstract 
_ submission, April 15, 1984. 














formation and Circulars 








Office: 5 


yn Press Center Bldg., 

















at The Royal Institution 
Admission by ticket only fram The 
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ASSISTANTSHIPS 


manamana annain arianne n amman ernn eran wet ee 


IMPERIAL COLLEGE OF 
SCIENCE AND 
TECHNOLOGY 

RESEARCH 
ASSISTANTSHIP 


available immediately for a graduate 
to work on a CRC funded project to 
investigate mRNA splicing in the 
yeast Saccharomyces cerevisiae. This 
group is cloning and characterising 
yeast genes involved in RNA splicing 
using a wide range of recombinant 
DNA techniques and modern yeast 
genetics. Other procedures used 
include DNA sequencing, various 
methods of RNA analysis and 
recently developed immunological 
techniques. 


A BSc degree in Biochemistry or 
Molecular Biology and experience 
relevant to one of the above areas is 
essential. Salary in RAIB range 
£7,496 — £9,716 including London 
Allowance. 


Applications, 
statement of qualifications and 
experience and the names and 
telephone numbers of two referees, 
should be sent to Dr Jean Beggs, 
Cancer Research Campaign, 
Eukaryotic Molecular Genetics 
Research Group, Department of 
Biochemistry, Imperial College, 
London SW7 2AZ. (1365)P 


GRANTS and 
SCHOLARSHIPS 







THE BRITISH FOUNDATION 
FOR AGE RESEARCH 


THE WEIZMANN LECTURE FOR 1984 
“A MYSTERY ILLNESS SOLVED?” 


Rodmarton Street, London W1 (01) 
Albemarle Street, London W1 (01) 409 2992. 


including a | 









Wednesday, 25th April, at 5.30 p.m., The Medical School, Stopford pee 
Building, University of Manchester. Thursday, 26th April, at8.00p.m. f 


Weizmann Institute Foundation, 17. | = 
486 3954: The Royal Institution, 27 - 


(1376}K 
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STUDENTSHIPS 


Apanan ramarna EN AAAA AA Aaaa A aeee amA 


UNIVERSITY OF BRISTOL 
LONG ASHTON RESEARCH | 
STATION | 

“THE NATIONAL FRUIT.» 
AND CIDER INSTITUTE... 3 
SCHOLARSHIP a sS- 
Applications are invited fora p g 
graduate studentship to investigate. 
hormonal mechanisms underlying. 
biennial bearing of cider apples. = 


Applicants should have, or expect 
to gain, a first or upper second class _ 
honours degree in Plant 
Biochemistry, Physiology or a: 
related science discipline. a 


The research will be mainly. 
laboratory based with a small 
amount of field work. If possible the. 
studentship will commence in May 
1984 or alternatively in October 1984 
and is tenable for a3 year period. The 
results are expected to be submitted 
fora PhD degree. Terms of the award | 
are comparable to those for: 
AFRC/SERC studentships. 3 


Further details and application- 
forms are available from The 
Secretary, Long Ashton Be€ggarch 
Station, Bristol BS18 9AF. CloNag. 
date 30th March, 1984. (13 787%. 








UNIVERSITY OF 
NOTTINGHAM 

Cancer Research Campaign _ 
Laboratories 
RESEARCH STUDENTSHIP 
Applications are invited fora Cancer 

Research Campaign funded stude 
ship, commencing in sum 
autumn 1984. The studentship # 
available for.a period of three 




























































~ SEMINARS and SYMPOSIA. 


ature SEMINAR ON 
NNOVATION 


tow can scientists with oa eck ideas contribute to the 








process, can they. ensure prosperity for themselves and 
heir families? 


pes the twin themes. . residential seminar i be | “Current Trenc : : 
Wednesday, 19 and 20 Jaik 30S in the Pr oductic DI 
and Useof | 
Microbial Enzyme 
10-11 MAY 1984 

Novo Industri headquarters 
Copenhagen, Denmark 


Chairman: Professor Kei Arima, 
Professor Emeritus at the 
University of Tokyo 


Professor Arima received the first Novo _ 
Biotechnology Award for his achievements 1 
enzyme microbiology. The Award was instituted 
in 1983 by Novo Industri A/S and will be given 
every third year for outstanding contnbutions t 
research, development and practical. 
application of biotechnology. The winner of the 
award is invited to be the honorary chairman 
at the Novo Biotechnology Symposium, — : 





Organisation of the Symposium — 


There will be four sessions: 
l. Microbiology and new products from 
micro-organisms, 3 
2. Industrial applications of recombinant. 
DNA-techniques for the production of 


~The objective is to provide working scientists and the 
institutions m which they work with practical help in 
arranging tor the corneal PoR ee innov ations. 





S SERET Fe a E? k : 
A z BE- 


sple w Y have een ene diechuieal enterprises 
in recent years and who will discuss the practical problems 


A eee 


ce industrial enzymes. 
they have encountered and overcome, as well as 3, Downstream operations and purification 
< representatives of companies and other institutions able to techniques. 


_ provide financial backing for innovations. 
_ The programme will include ample opportunity for 2 Appucaton technology oi enzymes. 
questions and discussion, and deal with these questions, Papers will be presented by internation: 
among others: known scientists from Denmark, France, Jap 
) How to recognise an exploitable idea. Sweden, UK, USA and West German 
Partnership or independence? Participation in the symposium itself and ot 
Problems with patents. | scheduled arrangements is free. Trav: 
The business of small business. accommodation expenses will have to} 
How government can help. | met by participants, ==- 
discussions can be open and informal, the seminar Closing date for registration is 30 Ap! H- 
ivate oe aes Sac will be limited to 100. 1] For full details and registration form, 
i _ please contact: es 
Mrs. Kathleen Larsen, Novo Industri J 
_ Novo Alle, 2880 Bagsvaerd, E 
= _ Tel: (02) 982333, extensio 





































sam 
































NATO — ADVANCED STUDY INSTITUTE — ASI 
CELLULAR AND MOLECULAR 





















\DUATE MEDICAL SCHOOL 





.ollaboration with CONTROL OF DIRECT CELL 
ROUP RESEARCH LIMITED INTERACTIONS IN DEVELOPING 
SIENCE IN GASTROENTEROLOGY SYSTEMS 







«SYMPOSIA 
seventh Symposium of the Series 


SSTROINTESTINAL 
CARCINOGENESIS 


eae London — 24 April 1984 
rganisers J. M. Polak, S. R. Bloom, N. A. Wright, A. G. Butler 


Invited speakers include 


Tittc J, Jass, UK R. Riddell, USA 

E Chang, USA M. Lipkin, USA J.P. Sunter, UK 
B. Morson, UK J. Weisburger, USA 
R.R. Peto, UK R.C.N. Williamson, UK 
C.D. Potten, UK 


Banyuls-sur-Mer, France:  — 

September 10 — September 22, 1984 | 
in a series of lectures, tutorials, round table discussions and nasties 
sessions, the general topic of how cells control the formation and 3 
selective functioning of their interactions will be dealt with. This will [ 
include aspects of cell-cell and cell-substrate interactions, cell tE 
aggregation and adhesion, the direct communication of somatic 
cells in higher and lower organisms, neuronal differentiation, neuro- 
muscular interactions, and other topics. 











Amongst the lecturers will be: G. Augusti- Tocco (Firenze — 1), E. L. 
Benedetti (Paris -- F}, R. Bloch (Baltimore — USA}, M. M. Burger 
(Basel — CH), A. 5. G. Curtis (Glasgow — UK), F. Dieterlen 
(Nogent — F), W. Franke (Heidelberg — D} D. R. Garrod 
(Southampton — UK), N. B. Gilula (Houston — USA), N. M. Le 
Douarin (Nogent — F), J. D. Pitts, (Glasgow — UK), H. Reggio 
(Marseille — F) W. W. Stewart (Bethesda — USA), J. P. Thiery 
(Nogent — F), L. Turin (Villefranche — F) and A. Vehere (Helsinki 
— SF). 


Organizing Committee: E. L. Benedetti, M. M. Burger, D. R. ME 
Garrod, N. M. Le Douarin, H. J. Marthy. EN 


The course will be open to scientists, post-doctoral workers and- E 
advanced students in biology, medicine, embryology, 
biochemistry, molecular biology and related fields. A limited 
amount of financial assistance in the form of grants will be available. 






Topics include 
Epidemiology, Chemical Carcinogenesis, Cell Proliferation, 
vironmental Factors, Dysplasia, Pre-cancerous Lesions, 
Atrophic Gastritis 





Registration and Lunch — £10.00 


, For further details and Application Form please contact: 
"A.G; Butler, Medical Division, Glaxo Group Research Ltd., 
_.. Ware, Herts, SG12 ODJ. Telephone No. 0920 3993. 






For further information contact: Dr. H. J. Marthy (meeting 
Director), Laboratoire Arago, 66650 BANYULS-SUR-MER 


Closing date for applications: 13 April 1984. (France). Tel: (68) 88.00.40. (WBO2)C 


(957)M 






















CONFERENCES and COURSES 


NEUROTOX ‘85 | 
Bath, 1—4 April 1985 


MOLECULAR BIOLOGY FOR 
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A is a o, SAPA A joint meeting of neurobiologists and pestic aa 
IMMUNOLOGY scientists on ‘Neuropharmacology and Pesticide Action’... 


organized by the British Society of Chemical industry. 


< SUMMER SCHOOL 
Edinburgh July 2nd-4th 1984 


ikan introductory lecture course aimed at individuals with little or 
rience in the molecular cloning field. The lectures will cover the 
steps included in molecular cloning and will illustrate how recently 
loning techniques can be used to study both basic 
systems and in the diagnosis and treatment of disease. 


The Scientific programme will emphasize molecular : 
pharmacology and will comprise invited and contributed 
papers augmented by contributed poster displays. 











Details and registration forms from The | 
Conference Secretariat, The Society of Chemical — 
industry, 14 Belgrave Square, LONDON SW1X SPS. 
(Tel: 01-235 3681 Ext.67) 












Dr C. Hentschel, Siough. 
Dr A, Kingsman, Oxford. 
Be Dr A. Mellor, London. 
gow. Professor R. Old, Warwick. 
igh. Dr M, Owen, London. 
Dr K. Reid, Oxford. 
Dr J. Wiliams, London. 
Prof. R. Williamson, London. 


imme and registration forms canbe — 
ith James, Education Secretary, 


















APPOINTMENTS WANTED i 















COLLOID Chemist, PhD Serin SRA spr 
years Postdoc. 15 years research 

experience in. Pharmaceutical a ; 
Colloid chemistry: Pr ti 
Seeks research post: 
position. CV and refi 
| able. Write, D Guveli 
Pavan 93100, M 
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«doin thousands of your associates in leading 
corporations and institutions who benefit each 
month from the largest and most influential 
¿publication of its kind. 

__... SUBSCRIBE TO BIOTECHNOLOGY 

_ | The International Journal of Biology and Industry 


__Inevery monthly issue, you'll find: 

_ News reports 

_ Fromcorrespondents around the world. New ventures, 
_ Marketing agreements, research breakthroughs, new 
patents, government activities and types of information 


Shout your competitors that you won't find in any other 
ication. 


Feature articles | 
_ Examining in detail new discoveries and techniques as 
-they apply to health care, foods and beverages, chemicals, 


-~ agriculture, animal health, energy and environmental 
management. 






















































Profiles of leading corporations 
In-depth studies of the leaders in the field. 


Original research papers and reviews 


‘Contributed each month by noted researchers in academia 
and industry. 


Technology reports 
prc renowned experts in microbiology, chemical 
sineering, Marketing, finance and government policy. 


fernational patents 


-Recently issued from around the world are rapidly 
_ Searched, edited and published each month, 






















New resources and tools of biotechnology CALLTOLLFREENOWFORDIRECTORDER Cara 60082.771 Operator a 
; Operator on Duty 24 hours? days a week. Give operator cade 7A03 


_ Presented and discussed as soon as they become available. 


DETACH THIS FORM AND SEND IT OFF TODAY TO: 


















or “Mirta Soto [Ji enclose my cheque made payable to Blo/Technole g) 
Bio/Technology M] Please charge my credit card account 
15 East 26th Street Mastercard/Visa/American Express 
New York Account No. 
NY 10010 
USA Card expiry date Signature 









[Please bill me 
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Bet Protein/Peptide/Polynucleotide Liquid Chromatography — but 
aa speed is not its only virtue. 

FPLC means new unique, hydrophilic, monodisperse media providing 
= high performance resolution and high recovery of biological activity: 
= and new silica based media providing high performance resolution, 

, Superior yields of proteins, peptides and polynucleotides — with 

Pr. _ Sample sizes up to 100 mg. 


j & 


= FP&€ means new instruments, new media and methods — the 

-~ combination of which is a high performance liquid chromatography 
system providing a degree of resolution, capacity and speed 

.._ previously unattainable for purifying proteins, peptides and 

| polynucleotides. 





For further information about the Separation power of the FPLC 
= System, please contact your local representative of 
f = Pharmacia Fine Chemicals. 


3 Pharmacia Fine Chemicals AB 


KL Box175 Pharmacia io 
iy, S-75104 Uppsala 1 s . Css 

eee Fine Chemicals — 
eh | 


E 
e No.52 on Reader Service Card. 


Riboprobe 


mene Analysis System 





«May make 
nick translation obsolete. 





o Increases Northern/Southern 
blot sensitivity up to 10 fold. 


{and/or reduces exposure times up to 10 fold) 


o Eliminates the need 
to isolate probes from gels. 





o Increases 
in situ hybridization sensitivity. 


o Eliminates the need to end label 
probes in many applications. 


A complete Riboprobe system technical information 
packet is available, including: 






Current research confirms that RNA 
be used successfully for gene probin 
providing greater sensitivity than can 
achieved with similar DNA probes (see 
our technical information sheets for refe 
ences). The Riboprobe™ gene analysis” 
system offers a convenient vector/enzy 
system for the preparation of microgran 
quantities of high specific activity single" 
stranded RNA's. These RNA's are 
suitable for use as probes, as RNA pro 
cessing substrates, and for other ap- — 
plications where large amounts of hot — 
specific RNA’s or enhanced probing = 
sensitivity is required. 


The Riboprobe system consists of: 
1) highly purified, RNase-free bacteri- 
ophage SP6 RNA polymerase, 2) the 
latest Riboprobe system SP6 vectors 
(pSP64, pSP65) as developed by M 
ton, Krieg, and Green, et. al. (see t 
nical information sheets for reference 
and 3) a Riboprobe system RNA 

marker template for use as a positive 
control. 











With the Riboprobe system, simply 
ligate your DNA into one of the 
Riboprobe system plasmids, prepare 
a recombinant plasmid by standard 
plasmid propagation and purification 
techniques, linearize the recombinan 
plasmid with the appropriate restrict 
enzyme, add the Riboprobe system 
polymerase with label!-a ribonucleo- 
tides, and incubate the reaction. 






The Riboprobe system does the rest. 

is exceedingly efficient and, dependin. 
on conditions, can synthesize up to ~ 
10yug of RNA from 14g of plasmid 


template. The use of this RNA will 
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e Wild type phages 
grow on a variety 
of host cells 


e 2 new cloning 
sites: Sph I and 


Kpn i 


e Compatible with all 
M13 primers 


See our 1984 Product Reference 
Guide for information on our full 
line of M13 products 
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New Tools 
for Cloning 
and Sequencing 


Pharmacia P-L Biochemicals 
announces the newest additions to 
its comprehensive line of products 
for M13 cloning and sequencing— 
Ml3mp18 and Ml3mpl3. Unlike 
previously available M13 vectors 
which contain double amber 
mutations, Ml3mp18 and Ml3mp!19 
are wild type phages. This allows 
them to be propagated on E. coll 
JM105 which lacks restriction and 
modification systems, and does not 
contain the P] lysogen which was 
recently discovered in the amber 
suppressor strain JM103. 


This new generation of M13 vectors 
will be most appreciated by those 
investigators who are constructing 
cDNA libraries in M13 or inserting 
large (greater than | kb) DNA 
fragments which have not 
previously been cloned in an E. 
coli K12 host. It has sometimes 
been difficult to obtain full-length 
clones of large DNA fragments ın 


| the previous M13 vectors since the 


fragments could be degraded by 
the JM103 host. Use of the JM105 
host with Ml3mp18 and M13mp19 
eliminates this problem. As a 


| service to the researcher, our 


M13mp18/M13mpl19 vector kit 
(product #27-1551-01) is supplied 
with a culture of JM105, 


For more information, contact your 
local Pharmacia Fine 
Chemicals/Pharmacia P-L 
Biochemicals representative or 
write to one of the addresses 
below. 


Pharmacia 
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A false-colour image of the region of sky around the 
constellation Orton, produced from data from the 
infrared Astronomical Satellite (IRAS); this shows a 
povery different view from that seen from amical 






























o 25 EP aeleseopes. The intensity of infrared radiation is 
ot eonverted into colours: red indicates strong 100-um 
oo | vadiation, green indicates strong 60-um radiation and 
eee blue shows strong 12-um radiation. The significance of 
ee the results obtained with IRAS are discussed on page 
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Vitamin D, 


Vitamin D2 





This exclusive assay system has been designed to have . 
the following advantages: 


® Convenience 
-no HPLC step in the sample purification 
— explicit, easy-to-follow protocol 


® Specificity 
— elimination of non-specific lipid interference 
-extremely specific, high affinity binding reagent 


Please contact Amersham or your local representative for 
further details. 


Amersham International pic 
Amersham England HP7 SLL 
telephone Little Chalfont (024 04) 4444 
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This new kit from Coulter offers you you need for 25 tests, including control). 
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~ Now Calmodulin-Sepharose*4B 
and Calmodulin are available 
-from Pharmacia 


n Biologically tested calmodulin, its purity checked by 


-amino acid analysis, electrophoresis and UV 


~~ spectroscopy, is available immobilized on Sepharose 


_ 4B and as an essentially salt free, freeze-dried 


© preparation. 


“These reliable, high quality products are used to 
study: 


è Cyclic nucleotide metabolism 


— @ Ca** transport 


-.@ Contractile processes 


oS © Glycogen metabolism 


ë Control of the NAD/NADP ratio 
è Cytoskeletal control 

è Neurotransmission 

è Phosphatases 


Calmodulin-Sepharose 4B is supplied as a swollen 
gel in an economical 10 ml pack. It has 
approximately 1 mg calmodulin/ml swollen gel. Each 


o patch is carefully tested for its Ca++ dependent 


` ability to bind and release phosphodiesterase. 


Freeze-dried calmodulin is available in large 2 mg 
“packs. A trace amount of CaCl, is present to ensure 


© protein stability. Each batch has to pass stringent 


-tests for purity and has a biological activity of 
approximately 80 000 U/mg protein. 
‘Send for the free data sheet for a comprehensive 
-survey on the applications and uses of these versatile 
products. 
Ordering information 
t Pack size Code No. 
10ml -17-0529-01 
2 mg 17-0525-01 
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Columbia University 
announces 


Axel Licenses Now Available — I 


Columbia University is now offering licenses | 
for commercial development of pioneering == 
genetic engineering techniques developed by 
Dr. Richard Axel and colleagues. Each license 
gives non-exclusive rights under the recently. 
issued U.S. patent #4,399,216 on methods for 
introducing virtually any gene into cultures of k 
animal and other eucaryotic cells. These cells can: at 
be used for the production of proteins, such as 
growth factors and viral proteins for vaccines, 
that cannot be produced efficiently, or atall, in... 
bacteriai cell cultures. Licenses also grant rights ~ 
under three pending U.S. patent applications. — 
and all foreign applications. ae 


Special terms for agreements 
signed before June 1, 1984. 
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COLUMBIA UNIVERSITY = 
630 West 168th Street, New York NY 1 
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Perhaps the most important international 
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xt crucial week for 








“The European summit next week in Brussels is billed as critical, and the participants say they will | 
not budge on the urgent questions. They should talk less about food and more about trade. = 


HOPES have been fading fast, these past few days, that the 
<>- European summit meeting next week in Brussels will solve the 
-problems that defeated its predecessor, last December at Athens. 
‘It is.asking too much of flesh and blood, of which even the 
-political heads of governments are made, to expect that in a brief 

Meeting they can find solutions that have eluded lesser fry and 
government officials for the past three months. So the almost 
¿Certain outcome of next week’s meeting is that the outstanding 
-European problems will yet again be shelved. The best chance, for 
_ Europeans, is that the shelving will be intelligently done. 

A There are three immediate sets of European problems, as 
f- follows: 

© Agriculture. The Community is committed by the Treaty of 

< Rome to the support of European agriculture, but this policy has 
become uncontrollable. The explanation is simple. For the 
<< principal commodities produced by European farmers, the 
+- European Commission acts as the purchaser of last resort, buying 
"| up what farmers cannot otherwise sell at “intervention prices” 
- «fixed so as to correspond to the production costs of marginal 
. producers. This is why the Community staggers unpredictably 
from one surplus to another — butter one year, perhaps wine the 
-< next. Farmers have no incentive not to produce even when they 

_ know their products will be unsaleable. The farmers at the margin 
make a poor living, especially because the European Commission 

has managed to resist the demand that its prices should be linked 

- with the general level of earnings on the grounds that farmers 

“Must be as prosperous as people who work in manufacturing 

- industry, but the flight from the land has not been a stampede 
‘because jobs elsewhere are so few, suggesting that the agricultural 
i problem might partly have solved itself if Europe had become 





more prosperous. 

@ Inequity. Because of the agricultural muddle, members of the 
‘Community whose products are chiefly manufactured goods 
-make disproportionately large contributions to the Community. 
~ Indeed, only Britain and West Germany are net contributors, 
although the British contribution is skewed by residual imports of 
+. foods from British Commonwealth countries. Four years ago, the 
> British Government made such a fuss that it won a handsome 

-rebate from the Community, but that is now in doubt. 
`- © Money. Because the cost of buying food that people want is 
_ out of control, the European Communities are fast running out of 
~ cash. They may be unable to meet their obligations some time in 
he summer. But farmers are not alone to blame. The Commis- 
n’s budget, made up of contributions of member governments, 
minally the equivalent of one per cent value-added tax, 
e’s own system of taxation once regarded as a rational 
itive to company taxation, now a kind of universal sales 













vould merely be larger food surpluses. 
These largely administrative problems, urgent though they are, 


oduction, probably by fewer farmers. Next week’s summit 
ing wi 
a 
















‘people who cannot budge on one issue will compromise for 


The member states could authorize an increased levy, but- 
ain and West Germany are disinclined to do so when the result 


annot be quickly solved. The only long-term solution of the 
roblem of surpluses, for example, is that there should be less: 


ll not dare admit this openly. Even the British and West | of research and development on information technology will turn . 






pj -would make an even bigger mess for everybody; r 
1 summithas no choice but to grasp two nettles, not juston 






agricultural interests are threatened. What could be agreedisthat 
intervention prices would not henceforth be increased for 
commodities that are in surplus, giving high-cost farmers warning —__ 
to grow other crops or to get out of their declining business. co 

By itself, this modest step towards good sense would not — and __ 2 
should not — persuade governments to contribute more to 
Brussels. The justification for that, and the true reason why the: — 
immediate problems are so hard to solve, is that the European 
Community has not been functioning as intended. Non- i 
Europeans are rightly perplexed to know why, more than aooo 
quarter of a century after tariff barriers were formally abolished, © 
traffic last month in Europe should have been snarled for more 
than a week because of the long-standing dispute between __ 
international truck drivers and the Italian customs. Why are there 
still customs posts? Principally to collect value-added taxes and a 
the host of other excise duties that European governments levy on = 
commodities as different as alcoholic drinks and automobiles. 
The continued existence of these customs posts, which incidental- 
ly provide the means by which European governments discrimin- 
ate administratively against imports and which make the phrase 
“common market’? a misnomer, is an embodiment of the 
doctrine that even for the purposes of intra-European trade, 
members states are sovereign and separate. Goods exported from 
one to the other do not attract value-added tax where they are 
made but only at the eventual importer’s frontier. 

If the participants in next week’s summit are as serious as they 
say about seeking a long-term solution for European problems, =; 
they must face the simple fact that Europe will not be anintegral = 
economic unit while these anomalies persist. True, if trade. 
between Community members were to be regarded not as export- 
import but as domestic business, governments would have to 
agree On some common level of value-added tax, and perhaps 
even on other excise duties, but the benefits would include a shift | 
of revenues away from governments whose farmers produce too... 
much food (which does not attract value-added tax). Better, the el 
Commissions’s revenue would be increased, both directlyandby => 
the general increase of economic activity that would follow. 
Nobody pretends that, by itself, such a radical change would be 
any easier to negotiate than the overdue reform of the European — 
agricultural policy. But skilled negotiators know that it is often 
easier to deal with two complicated issues at the same time because 








concessions on another. ee A 
The obvious objection to this or any other package designed to ` 


_ help solve the immediate European problems (central help with 


national welfare costs is another candidate) is that it would _ | 
necessarily entail some erosion of national sovereignty. Next 


|. week’s summitteers should be ready to say “‘So what?” firmly to 


themselves before putting this argument into words. For inthe 


mess in which they find themselves, only a further decisive step tee 
towards commonality offers an escape. Moreover, unless thereis > 











a serious attempt to make the European Community into a 
common market (with what that implies for impartiality in public — 
purchasing as well), brave schemes such as the Esprit programme — 


t to have been. pointless. So, since abandoning the Community 
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Neglect of research 


British policy on higher education has damaged 
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concerned with the pursuit of the appearance of fairness, which 
means equal misery for all, while academic researchers have 
become literally distracted by conflicting demands on their time 
and energy — teaching, consultancy, meetings to decide the 
future (if any} of the institutions to which they belong. It is just 
within the bounds of possibility that Sir Keith Joseph may be able 
to conjure from this sad and unexpected mess the engine of in- 
dustrial innovation he is seeking. But it is just as likely that, like 
the dog in Aesop’s fable, he will have let go the bone he is carrying 
for the sake of its reflection in the water. Certainly he is likely to be 
the last in his position able with false modesty to boast that Britain 
is flush with new ideas but dilatory at their exploitation. And 
undermining the quality of basic research will soon mean that ap- 
plied research is also worth little. = 


Eugenics in Singapore 
Mr Lee Kuan Yew should drop his naive eugenic 


plan to increase the IQ of his community. 


AFTER the economic miracle that has made Singapore in the past 
twenty years, Mr Lee Kuan Yew, the Prime Minister, seems now 
to be engineering a eugenic muddle. That is the almost certain 
outcome of the scheme announced last week by which it is hoped 
that university graduates will be induced to have more children 
than non-graduates by the offer of freedom to choose the schools 
their children attend. Even if the underlying assumption that 
intelligence is largely inheritable were correct, the prime minister 
seems not to have calculated as intelligently as he might what the 
social and economic consequences will be. The irony is that 
Singapore’s staggering economic achievements, in their way more 
remarkable than those of Japan because they turn less directly on 
manufacture, appear to have been the result of free access to a 
good but selective educational system. 

For the sake of argument, suppose that intelligence is indeed 
largely inherited in the sense that the chance that the offspring of 
parents in the top 10 per cent of the IQ distribution will themselves 
be in that top 10 per cent is, say, x, a positive number less than 
unity. For convenience, assume that marriage is rigidly stratified 
by IQ and that, in the absence of special incentives such as those 
now proposed, the IQ of the Singapore population is unchanged 
from one generation to the next. If the plan in Singapore isto 
establish a privileged educational system for the children of | 
parents with high IQ, their fertility will have to be increased by 
some factor y (a positive number) such that y is greater than (1/x) 
if the number of educated high-IQ adults is to be increased. If x 
were as great as 0.8 (the most that even the most zealous hereditar- 
ians would claim), the fertility of high-1Q couples would have to 
increase by a quarter just to maintain the present supply. H, 
allowing for the notorious lack of perfect correlation between 
university entrance and IQ, and the imperfections of IQ as a 
measure of intelligence, x is more likely to be 0.5 or thereabouts, 
graduate couples will have to double their fertility simply so that 
Singapore can stand still. In his own defence, of course, Mr Lee 
Kuan Yew may say that he does not intend that the bright children 
of non-graduates should in future be denied a decent education, 
in which case the value of his incentive will be diminished. Either 


way, he cannot seriously have considered the implications of what 


he is about. 

The underlying flaw, in this and other attempts to exploit the 
supposed (and probable) heritability of IQ for social purposes, 
however, is that the side-effects invariably dominate those 
intended. Does Singapore, which has spectacularly thrived by the 
exploitation of free-flowing upward mobility, now seriously want 
to saddle itself with an educational system based on privilege, and 
on the social rigidity that must follow? And can Mr Lee and his 
colleagues in the Singapore Government seriously believe that in 


the future they can educationally short-change the intelligent off- i 
spring of less intelligent parents without inviting social unrestofa 
avoid these past twenty © 


kind that Singapore has managed to avoid these. Po 
years? Mr Lee has been lucky so far, but his amateurish eugenic ~ 
experimentcouldchangeallthat. — ie 
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Washington 


THE United States may after all stay in the | 


United Nations Educational, Scientific 

and Cultural Organization (Unesco) after 

the end of the year, when it has said it will 

_ leave unless major changes are made in the 

agency’s management and ideology. Con- 

gress, which was not consulted by the State 

_.. Department before the US withdrawal was 

announced last December, has begun to 

== take a lively interest in Unesco. Con- 

` gressional accountants will shortly arrive in 

= -Paris to take up an offer to look at the 

4 agency’s books. And Assistant Secretary 

of State Gregory Newell admitted last week 

_ that it would “‘intellectually dishonest” to 

-» declare the US decision final until its dele- 

“ gation actually leaves Unesco on 
31 December. 

The State Department has reluctantly 
promised to give Congress whatever help it 
needs, but it does not expect the congres- 
sional inquiry to find important new 
information. Mr Newell said the review 
already conducted by the executive branch 
had been extensive; 13 government agen- 
cies and departments and 83 overseas em- 
bassies had taken part. The congressional 
initiative, led by New York Democrat 
James Scheuer, will be a comparatively 
modest affair restricted to an examination 
of financial management procedures. 

Yet the congressional investigation, 
> coupled with the start of hearings last week 
į by the House of Representatives Commit- 
= otee on Science and T echnology, has en- 

couraged speculation that the US pull-out 
may yet be averted. The renewed debate 

. has also encouraged the State Department 

to reveal more findings of its own review. 
This newly-released information con- 
firms that the decision to withdraw was 
taken despite unambiguous warnings from 
the US scientific community that the 

Weight of tangible benefits **clearly 

_ justified’? continued membership. A 
survey conducted for the State Department 

= bythe National Science Foundation (NSF) 
cluded that Unesco gives US scientists 
ble access to research resources and 
data, enables the United States to share the 
< gosts. of large international projects and 
~ provides contact with scientists with whom 

Americans might not otherwise work. 
| The NSF survey also acknowledged that 
the agency is imperfect, that its scientific 
effort is too diffuse, that administrative 
“costs are high and that the quality of scien- 

tific staff recruited from developing coun- 
tries is often poor. But it suggested that the 
-United States itself is at least partly to 
blame. The absence of a central body toco- 
_ ordinate US participation has made it diffi- 
¿cult to persuade eminent scientists to join 
























membership, pinpointed in NSF’s sub- 
mission to the State Department, included: | 





NEWS 


: opes for reversal 
> decision 


Unesco projects. And the effectiveness of © 


the US Mission in Paris has been impaired 
by cuts in its staff and budget. 


The specific benefits of continued 


© Participation in a government-level 
body to attack problems of global sig- 
nificance such as the ecological research 


conducted through the Man in the Bio- 
sphere (MAB) programme, the geological 


research of the International Geological 
Correlation Programme (IGCP) and earth- 


quake research conducted by the Natural 


Hazards Programme (NHP). 
@ Access to research data, particularly 
marine data. 
@ Cost-sharing and access to international 
facilities, such as the International Centre 
for Theoretical Physics at Trieste. 
@ Opportunities to work with scientists 
from countries with which the United 
States otherwise has little contact. 
Withdrawal from Unesco, the report 
concluded, would weaken the United 
States’ scientific leadership in the world 
and contribute to the further politicization 
of the agency. The State Department’s 
minimum conditions for reviewing its deci- 
sion to leave, according to Mr Newell, are 


Los Angeles reactor 





_ because the Reagan Administration sees 






an end to what the State Depar 
regards as an already intolerable je 
of politicization, a budget freez 
abandonment of the agency’s controversia 
new world information and communica: 
tions order. He said the United States doe: 
not expect those changes to occur. a 

Congressional officials complair 
privately that the State Department do 
not really want the agency to reform- itse 





















withdrawal from Unesco as a useful warn- 
ing to the United Nations as a whole: Con- __ 
gress, on the other hand, genuinely wants 
to see Unesco mend its ways, but believes 
the removal of its director general, Mr. 
Amadou-Mahtar M’Bow, must beachiev- 
ed first. The State Department, in contrast, 
stresses that it has no personal quarrel with 
Mr M’Bow, except for his recruitment to. 









the secretariat of individuals “who have 


served him poorly’’, Meanwhile, itis em- 
barking on a vigorous diplomatic cam- ie 
paign to explain its reasons for leaving. - 
The department claims that inconsulta- 
tions with 115 countries whicharemembers 
of Unesco there has so far been “near: 
unanimous” agreement with the findings — 
of the United States’ review of Unesco, and | 
some 15 countries are now said to be under- 
taking similar reviews. The meetings are 
ostensibly designed to explain its decision 
to foreign countries and to ensure that the 
United States’ final year in Unesco isa pro- 
ductive one. But they serve equally well to 
keep the agency guessing about what the 
United States really intends to do at the end 
of the year. Peter David 


Planned scramble for Olympics 


Los Angeles 
BOWING to pressure from state politicians, 
the University of California at Los Angeles 
(UCLA) last week agreed to shutdown its 
research nuclear reactor during the Clym- 
pic Games to guard against the possibility 
that terrorists might attack the facility. 
UCLA will also erect concrete barriers 
around the building housing the 
100-kilowatt reactor and post 24-hour 
securily guards outside. | 
The measures were requested last month 
by state Assemblymen Gray Davis and 
Mike Roos, both of whom represent 
communities surrounding the university. 
‘There are a number of eminent scientists 
who feel the reactor poses a threat to the 
community and is an inviting target to 


terrorists’, Mr Davis said. Local citizens 


fear the highly enriched uranium could be 
stolen and made into a bomb or that the 
fuel could somehow be dispersed. 

The university is cooperating with the 
demands but feels the dangers are greatly 
exaggerated. According to Walter Wegst, 
UCLA’s director of ‘research and occu- 
pational safety, the reactor is completely 


surrounded by tons of concrete and slabs 
_ of graphite. ‘Even if you got into the facili- | 





ty”, he said, ‘‘it would take a day or more, 
maybe two days, to reach the fuel.’’ The 
Argonaut-type reactor is is housed. on the > : 
ground floor of an eight-storey building, 
Any explosion large enough to damagethe 
reactor would destroy the entire building, 
Mr Wegst said, causing it to collapse on the 
reactor, sealing in the fuel and dangerous 
radioactive isotopes. Spe ERE 

“We think the fuel would probably be 
more protected from the environment after i 
the building collapsed on it that it is right ~~ 
now”, Wegst said. To ‘“‘play it very safe” 
and protect the people who work in the 
building, UCLA will go along with the 
extraordinary measures, a campus spokes- 
man said. 

The UCLA research reactor is still sub- 
ject to relicensing hearings before the 
Nuclear Regulatory Commission which 
have been going on since 1980. At issue is cP 
the question of whether small research < 
reactors should use highly enriched 
uranium fuel — which could attract terror- 
ists — or switch when feasible to low en- 
riched uranium fuel. The conversion to 
low-grade fuel is under study at UCLA but 
the material is not commercially available. _ 

Sandra Blakeslee 
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US space station 


Tokyo _ 
A MAJOR obstacle to Japanese participa- 
tion in the US space station project seems 
to have been overcome this week with 
assurances from Mr James Beggs, admini- 
strator of the US National Aeronautics and 
Space Administration (NASA), that the 
station would not be put to military use. 
Mr Beggs arrived in Tokyo on Sunday to 
offer the Japanese Government a chance to 
join in the project to put a station, perma- 
nently manned by a crew of seven or eight, 
into orbit by the early 1990s. Discussions 
with Prime Minister Nakasone and the 
Space Activities Commission — the highest 
space policy body in Japan — took place on 
Monday. Because the Japanese constitu- 
tion specifically forbids the maintenance of 
armed forces, it would be almost imposs- 
ible for the government to make a commit- 
ment to a space station that might be used 
for military purposes. But Beggs stated that 
the US military has no desire at all to parti- 
cipate in the development of the station. 
It would, he said be launched into a low- 
inclination orbit (28.5 degrees, 300 km 
elevation) that would not take it over any of 
the high-latitude areas which might be of 
interest to the military. Should the military 
later want to use space station technology 
for their own high inclination orbit station, 
they would not have an automatic right to 
use technology developed by Japan for the 
station. Rather, Japan’s ‘intellectual 
property” would be protected in a way 
satisfactory to Japan. But Beggs hoped 
that all work done on the project would 
‘in the NASA tradition” eventually be 
published and made common property. 
With the Japanese Government appar- 
ently satisfied on that score, the pressure is 
on the Japanese to decide quickly to what 
extent they are willing to participate 
financially. 

Although an official of the Science and 
Technology Agency said before Beggs’ 
artival that it was unlikely that a decision 
could be made before the end of the year, 
Beggs made it clear that the project will be 
starting to move rapidly by the last quarter 
of this year. NASA would like to see the 
station operational by 1992 and is 
preparing to invest $8,000 million in the 
initial development period. By the spring 
of 1985, some $30 million will have been 


spent and a decision made on the basic | 


form of the station, Expenditure will then 
rise rapidly to $150 million by 1985-86 and 
$400-$500 million by 1986-87. 

If Japan is ‘‘not well on board by the end 
of this year’’, Beggs said, ‘‘then doors will 
start to close’. This deadline is particularly 
important because Japanese engineers 
hope to design totally one of the modules 
that would be clustered together to make 
the station. For this, Japan must join in 


early so that the module interface > 


requirements can be decided. 
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Japan reassured on military uses — 


The United States would like Japan to 
contribute an amount equal to 10-15 per 
cent of the US investment, to be added to 
the 20-25 per cent asked of Europe and 
Canada. If all countries participate as 
asked, the development budget will be near 
the $11,500 million dollar mark, allowing a 
far more sophisticated programme than 
the United States could accomplish on its 
own. Beggs stressed that the money spent 
should be viewed as an investment: space 
projects, he said, can return substantial 
sums both in direct returns on satellite 
launches and in high technology spin-offs, 
and the aim is to make the space station a 
commercial and industrial success. 

But with the Japanese Government 
already struggling to find funds for its own 
ambitious space programme (Nature | 
March, p.3), it is hard to see where the 
money will come from. Beggs said that the 
United States is not insisting.on a 10-15 per 
cent investment from Japan — each nation 
will have to decide for itself how much it 
wants to invest. All Michiyuki Isurugi, 
director-general of the Science and 
Technology Agency, is prepared to say so 
far is that the meeting with Beggs has 
deepened interest in the project’, but 


discussions of more concrete plans have | 


not yet begun. Alun Anderson 





Phaenomenal colours 


THE early history of the spectroscope since 1666 
when Isaac Newton “. . procured me a Tri- 
angular glass-Prisme, to try therewith the cele- 
brated Phaenomena of Colours” is covered in a 
new exhibition which opened last week in Cam- 
bridge, England, and runs until 7 December. 
The exhibition is at the Whipple Museum of the 
History of Science, part of the University of 
Cambridge. A catalogue and illustrated history 
of the spectroscope are published to accompany 
the exhibition. The engraving below shows a 
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Commercial space 


Poor outlook 
for Landsat sale z 


Washington i 
COMPANIES interested in buying all or part 
of the United States’ Landsat satellite 
remote sensing system have until 19 March 
to submit their bids to the Department of 
Commerce. The Communications Satellite 
Corporation (Comsat), the Radio Corpor- 
ation of America (RCA), Fairchild, 
General Electric and a new company called 
Space America have already expressed 
interest. But the proposed sale is regarded 
by many outsiders as an unpropitious start 
to the commercialization of space. 

Part of the problem is financial. What 
little market exists for remote-sensing data 
consists mainly of government depart- 
ments. As the proposal to commercialize 
the system has creaked through Congress, 
even enthusiasts for private sector 
investment in space have questioned the 
wisdom of the government selling a system 
and buying back its products. A proposal 
by the Reagan Administration to include 
government meteorological satellites in the 
sale was rejected outright. 

But many in Congress, prompted by the 
Office of Technology Assessment (OTA), 
fear that sale of the Landsat system will 
also jeopardize the diplomatic interests of 
the United States. An OTA technical 
memorandum published this month says 
that Landsat has been used over the years 
to advance important foreign policy 
objectives — notably preserving the 
principle of the free international flow of 
information and helping developing 
countries see the American use of space as 
an opportunity rather than a threat. 

The commercial interests of a private 
buyer may well conflict with such 
objectives, OTA warns. On the other hand, 
any constraints the Commerce Department 
intends to place on a sale to ensure that 
Landsat data remain available to develop- 
ing countries at an affordable price 
threaten to make the enterprise 
unprofitable. 

The OTA memorandum points to 








eet 
x 
oe 


| several other problems raised by the sale. 


For one thing, the defence and intelligence 


l| communities are the biggest users of 


| Landsat data within the federal govern- 





| owner would be far-sighted enough to 


| ment. Unless there were safeguards on a 
| privately-owned system, these com- 


munities might find it necessary to build 
and operate their own systems, a course 
that would probably cost the government 
more than it would save by selling Landsat. 

OTA also questions whether a private. 





develop remote sensing technology at the 
pace necessary to allow the Linited States to 


| keep ahead of foreign competitors. The 


European Space Agency (ESA) and several 
individual countries have well-advanced _ 
plans to launch their own systems and to 
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-market the results. 

`: < Most worrying for the United States is 
-the French SPOT satellite, due to be 
.. launched next year. A remote-sensing 
¿ satellite capable of high-resolution multi- 
© spectral stereo-images of the land surface, 
SPOT is billed by the French as the world’s 
first commercial remote-sensing satellite 
system. In fact it is heavily subsidized by 

the French Government. 
Competition such as that posed by 
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SPOT puts the Commerce Department ina 
cleft stick. The Reagan Administration 
believes in the power of the private sector to 
maintain US technological leadership, but 
in the case of Landsat some form of 
subsidy, either direct or indirect, may be 
necessary. What is not clear is whether 
Congress will go along with plans to sell a 
public asset if it is going to continue to bea 
burden on the federal budget. 

Peter David 


More talk at NEDC 


THE British Government seems to have 
found an unusual forum for developing its 
strategy for the future of higher education 
~~ the National Economic Development 
Council. 

Discussion of a paper on higher 
education prepared for last week’s meeting 
of the council by the Secretary of State for 
Education and Science, Sir Keith Joseph, 
seems to have surprised the minister by its 
length but to have raised in the minds of 
others the question whether the British 
Government still needs the University 
Grants Committee, 

The council is the tripartite talking-shop 
which normally represents government, 
the Confederation of British Industry and 
the Trades Union Council, but whose 
meeting last week was boycotted by the 
unions, still smarting from the govern- 
ment’s decision to quash the rights of intel- 
ligence gatherers to join trades unions. 

The striking feature of Sir Keith’s paper 
is the evidence it provides of the govern- 
ment’s determination to direct develop- 
ment of education from the centre. Its 
starting point is a declaration that, apart 
from the contribution of higher education 
towards ‘‘national well-being and society 
asa whole”, British higher education must 
make ‘‘judgements’’ of the demand for 
graduates in different specialities and 
‘contribute directly to mutually beneficial 
collaboration with employers’’. 

Acknowledging the ‘‘case against any 
detailed or comprehensive planning of 
graduate supply”, Sir Keith nevertheless 
says that the government thinks it right to 
‘‘give a broad steer to the system to some 





extent”. Its intervention so far has been the . 


‘*indication’’ to the universities that 
science, technology, engineering and 
‘other vocationally relevant forms of 
study” should recruit more students, the 15 
per cent increase of engineering students 
and $0 per cent increase of mathematics 
and computing students planned for next 
year in polytechnics and the provision of 
5,000 places on information technology 
graduate courses planned for 1985-86. 
Further ahead, the government hopes 
fora 50 per cent increase (to 15,000 a year) 
in the output of graduate engineers in the 
<.. decade to 1987-88, and the minister’s paper 
says that he is ‘actively considering” what 
should be the target for succeeding 














academic years, when the age group from 
which students are recruited to higher 
education will be shrinking. 

The paper also seeks to stimulate the job 
market by noting that British industry must 
make employment for engineers more 
attractive, saying that ‘‘student demand 
will quickly react against engineering’’ if 
jobs do not materialize. Sir Keith says that 
there will be more jobs for electronic 















that physics in higher education. w 
squeezed by competition from engin 
ing. Acknowledging that engine 
courses cost more than others, Sir Keit 
offers guarded hope of financial relief for 
higher education with the remark that 
“resources are finite and increased expend- 
iture must therefore be clearly justified”. 

Research is described in the minister 
paper as “ʻa further area where highe 
education and employers must come — 
together productively”. Sir Keith says that 
“fundamental research .. . is vital to our 
scientific progress, but is not necessarily 
directed at a specific industrial... 
application”. For the future, the minister. _ 
announced that the government would 
decide how far the switch in higher | 
education towards science, technology and 
engineering should go. a 

Employers, for their part, were asked to ~ 
say what their expectations are of higher 
education, to describe their plans for 
employing the new graduates at attractive 
salaries and to comment on “‘the value to 
the economy of basic research financed by. 


engineers but fewer for civil engineers, and | the research councils’. i 





UK universities 


Row about budgets resolved 


RECENT trends in financial support for 
British universities have lately been a matter 
of public dispute. Mr Peter Brooke, Under 
Secretary of State with special responsibility 
for higher education, sent indignant 
academics diving for their calculators when 
he claimed in a letter to The Guardian 
newspaper that the universities’ recurrent 
grant had shown a 25 per cent cash increase 
and “‘virtually no change in cost terms” bet- 
ween 1980-81 and 1983-84. That view was 
quickly challenged and, after questions in 
Parliament, Mr Brooke admitted there had 
been a real reduction of 8.75 per cent. 

Mr Brooke’s mistake was that he failed 
to allow for changed arrangements in 
1982-83, when tuition fees were reduced 
and the recurrent grant channelled through 
the University Grants Committee was in- 
creased to compensate. A better picture of 


trends as they affect universities is given in | 


the figure above, which covers both 
sources of income. The deflator is the 
Treasury-approved Tress~Brown index of 
universities’ recurrent costs. 


During the five years since 1979, several - 
additional commitments have been impos- | 
ed on the universities over which they have | 


no control, thus making comparisons dif- 
ficult. These include redundancy compen- 
sation (£26 million in 1983~84), the upward 
incremental drift of salary gradings, in- 
creased superannuation payments and a 
shift of funds from capital grant. Together 
with rates, which the universities never see, 
these non-academic increases are lumped 
together in the upper] half of the histogram. 

The total left over for academic activities 
compares like with like. (although it does 
include the targeted: nee blood” and 
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information technology schemes in 
1983-84). The shortfall of £112 million at 
1979-80 prices is a drop of 11.5 per cent in 
income needed to maintain activities at 
their 1979 level. Full-time student numbers 
rose from 293,000 in 1979-80 and then fell 
back to 288,000 in 1983~84: the resulting 
‘unit of resource index” is also shown | 
above. The Committee of Vice- 
Chancellors and Principals, which sup- 
plied the information, points out that these 
reductions have been achieved despite a ~ 
shift towards the more expensive science- 
based subjects. A drop of 1 or 2 per centa 
year in the unit of resource has been sug- -> 
gested, and universities’ total recurrent grant 
next year will be 2.5 per cent lower than was 
announced in November. Tim Beardsley 






Radioactive waste 


disposal sites has run into trouble. Last 
October, the Nuclear Industry Radioactive 
Waste Executive (NIREX) flagged its in- 
tention to investigate two land sites as 
permanent dumps for contaminated 
material from the nuclear industry, classi- 
fied as waste of low and intermediate 
activity. Now, Imperial Chemical 
Industries Limited (ICI), the owner of a 
disused anhydrite mine at Billingham in 
north-east England, says that it will oppose 
the plan to investigate that site, while local 
councillors say they have evidence that the 
second site, at Elstow in the Bedfordshire 
brickfields of central England, is unsuit- 
able for its intended purpose. 

ICTs anhydrite mine has been sealed for 
some years and the on-site investigations 
> NIREX plans would probably require 
planning permission, ICI said this week 
that it does not intend applying for per- 
mission to open the mine, since it has no 
. commercial interest and prefers to main- 

tain good relations with the local commun- 
ity. A spokesman said it had become clear 
since October that local opinion is intensely 
hostile. When NIREX first announced its 
choice of the site as a possible permanent 
resting place for long-lived intermediate 
level wastes, it coyly did not mention that 
military wastes might also end up there. 
The outcry when that emerged some weeks 
later probably made NIREX wish it had 
been more forthright. 

Even so, NIREX intends to press ahead 
with its Billingham plan without ICI’s co- 
operation, although both sides admit that 
the legal position is far from clear. Because 
co NIREX has no powers of compulsory 

“purchase, it might have to face the rigours 
of a full public inquiry about Billingham 
armed only with the data it already has. [CI 
< makes no bones of the fact that it would 

actively oppose NIREX at a public inquiry, 
on. the grounds that good community 
relations are essential for the sake of its 
own business. 

At Elstow, if the site proves suitable, 
NIREX plans to excavate a series of 
„trenches in the local bed of Oxford clay to 





Looking north-east over the Elstow site 
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take shorter-lived wastes. It has now 
become clear that the clay bed is only 15-20 
metres thick, although rather deeper layers 
were previously mentioned. The base of the 
clay layer is uneven and local hydrogeolo- 
gists say there may be a fault on the site: 
there are certainly faults in the clay layer 
within 2 km. There is also concern that 
nearby excavations where clay has been 
extracted in the past may make it impos- 
sible to predict groundwater flow with 
sufficient accuracy. NIREX will have to 
show that radionuclides will not within 200 
or 300 years percolate through their encas- 
ing concrete blocks and enter the biosphere 
in significant amounts. Some of the nearby 
excavations are filled in with domestic 
refuse, again leading to uncertainty about 
patterns of groundwater flow. 

A further complication is that the 
London Brick Company has permission to 
extract clay from the field immediately 
adjacent to the proposed site and has 
applied for planning permission to 
excavate the proposed dump site itself. 
There is little doubt the local authorities 
would agree to that request if it offered a 
way of keeping NIREX out, but the 
Central Electricity Generating Board, 
which owns the site and is an industrial 
partners in NIREX, is unlikely to give away 
one of the few possible sites for a dump 
over which NIREX already has control. 

The site is well served by transport links 
and is already something of an eyesore, so 
countryside conservationists are unlikely 
to object to its use. Inevitably, however, 
local people accuse NIREX of putting 
convenience before safety and say a more 
remote site should have been chosen. 
NIREX itself remains —- or claims to 
remain — serene, although five local 
authorities have united to fight its plan. 
The authorities are making strong repre- 
sentations to government ministers now 
that it is known that NIREX intends 
shortly to submit a planning application. 
NIREX says no site-specific safety criteria 
have yet been drawn up and that all 
indications are that the Elstow site is 
suitable. Tim Beardsley 
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Soviet nuclear power 


British search for dumps opposed | Teething trouble 


=- THE British search for radioactive waste 


persists 

THE Soviet nuclear power industry, which 
is running badly behind schedule, may 
have been granted a temporary respite by 
the death, last month, of the party leader, 
Mr Yurii Andropov. During the Central 
Committee plenum in June 1983, Mr 
Andropov gave his strong personal 
backing to the new energy programme 
involving the construction, over the next 
ten years, of 30 nuclear power stations, 12 
of which will also provide district heating 
for cities in the European part of the Soviet 
Union. 

On 8 February, Pravda published an 
editorial attacking delays in construction at 
many of these sites, including the fast 
breeder reactor at Beloyarsk. The tone of 
the article implies that one of Mr 
Andropov’s drives against inefficiency and 
incompetence was planned for the nuclear 
construction industry, and that wide- 
spread upheavals and dismissals might be 
expected. Two days later, however, Mr 
Andropov died, and his successor, Mr 
Konstantin Chernenko, has so far 
concerned himself with international 
rather than domestic issues. 

For some time there have been indi- 
cations in the Soviet press that all is not well 
with the nuclear power programme. 
Conventionally, delays are blamed on late 
and insufficient supplies from the manu- 
facturers of construction materials, equip- 
ment and generating machinery. The 
Pravda editorial repeats this line, urging 
severe economic penalties for breaches of 
contract by suppliers, with matching 
incentives for those of proven reliability. 

Poor organization partly explains 
apparently contradictory progress reports. 
In January 1983, for example, Moscow 
Radio noted that construction of the 
nuclear power and district heating station 
in Gor'’kii was two months ahead of 
schedule, but, two weeks later, reported 
that the whole project was being held up for 
lack of the safety-housing, already nearly a 
year overdue. The defaulting supplier 
was the Volgatsemmash production 
association in Tolyatti, but a few months 
later the most important of all suppliers to 
the nuclear industry, the Atommash 
association at Volgodonsk, came in for 
severe criticism in Pravda in terms which 
hinted that safety reguiations were being 
ignored. A top Communist Party trouble- 
shooter had to fly to Volgodonsk and, a 
few months later, a new high-level 
committee was set up to monitor safety in 
the nuclear industry. 

Until recently delays in nuclear construc- 


-| tion projects have received relatively little 
| | publicity, partly because the original target 

| dates are not always public knowledge and 
| partly because the installations most - 
affected in the past few years have been 








operational. 
reactor at Beloyarsk, for example, was 
Scheduled for completion in 1979 and it in 
4, fact went critical (with great publicity) in 
February 1980. The delays mentioned in 
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oe rence because, in his view, 
EA withdraw to borders similar to those it held 





”gdiditional generating sets at a site already 


The BN-600 fast breeder 


Pravda refer to additional generating sets 
at the same site which, in the nature of 
things, receive less attention. 


By blaming the suppliers and 


manufacturers of ancillary equipment, the 
Pravda l\eader-writer gives the impression 
that all would be well with the nuclear 
power programme if the manufacturers 
kept to their delivery dates. This, however, 
is not the whole story. Last November, 
when the reactor for the third generating 
set at the Kursk power station went critical, 


_ almost three years late, the provincial Party 
Israel 


~ Backers for nuclear-free zone 


Rehovot 
A LEADING Israeli hawk has paradoxically 
come out against the building of nuclear 
weapons here, while a card-carrying dove 
has argued that Israel should openly join 
the nuclear weapons club. The hawk is 
Minister of Science and Development 
Yuval Ne’eman, who said recently in 
Jerusalem that it would not be in Israel’s 
interests to base its defence on nuclear 
deterrence, because the nuclear balance of 
terror that exists between the superpowers 
would not work in the Middle East. 
Professor Ne’eman is a renowned 
nuclear physicist and was for many years 
connected with Israel’s defence estab- 
lishment, so he presumably knows what he 
is talking about when he says that while 
Israel has a nuclear infrastructure, it 
“never crossed the threshold into the 
nuclear weapons club’’, He is convinced 
that a nuclear deterrent, which would not 
in any case be used unless the military 
threat against Israel were extremely grave, 
would not lessen its need to maintain 
conventional forces. Professor Ne’eman 
also points out that a nuclear device set off 


close to Israel’s borders in order to destroy 


massed Arab armies would also destroy 
much of Israel. 

The dove who favours nuclear weapons 
is Dr Shai Feldman of Tel Aviv University’s 
Jaffee Centre for Strategic Studies. His 
controversial book, /srael’s Nuclear Deter- 
rence: A Strategy for the 1980s, bluntly 
calls on Israeli policymakers to make 
nuclear weapons the cornerstone of their 


country’s defence. He speaks of an arsenal 


of 30 to 40 weapons in the 20 to 60 kiloton 
range. 

Unlike Professor Ne’eman, Dr Feldman 
does not believe that contemporary Israel 
should embrace the West Bank and the 
Gaza Strip. This is consistent with his call 
for a defence policy based on nuclear deter- 
Israel could 


‘declaring at the same time that 


NEWS 


Secretary, V. Ivanov, discussed the delay at 
some length in Pravda, on the page nor- 
mally devoted to Party affairs. 

Ivanov attributed the delay not only toa 
Shortage of construction workers, 
followed by a sudden influx of 6,000 
workers with consequent confusion and 
disorganized working, but also to basi 
difficulties with generating equipment. 


The Ministry of Power and Electrification, | 
he said, had not finally solved one of the | 
| principal 
standard production-model 1000-MW | 
_ their fees in hard currency. 


problems, the design of a 
generating set. As a result, there had been, 
he said, a constant stream of every kind of 
correction and alteration between the site 
and the suppliers, so that the amount of 
installation work on the set was five times 
normal, Vera Rich 


any significant attempt by Arab armies to 
cross these borders would meet nuclear 
punishment”. He believes that an openly 
nuclear-based defence policy would permit 
Israel to cut its huge expenditure on 
conventional weapons and on the 
maintenance of a large army, which places 
an increasing burden on the economy. 

This view is disputed by many other 
observers, including Dr Yair Evron, a 
colleague of Feldman at Tel Aviv Uni- 
versity, Evron declares that “no Israeli 
policymaker would be willing to rely 
exclusively on a nuclear deterrent”. 

Both Feldman and Evron doubt 
whether, in the long run, Israel will be able 
to prevent its enemies from acquiring 
nuclear weapons {as Prime Minister Begin 
said it would after the bombing of the Iraqi 
reactor in 1981). If they are right, what can 
Israel do to prevent a nuclear arms race, 
and perhaps nuclear war, in the Middle 
East? 

Many foreign observers believe that all 
would be well if Israel would only agree to 
sign the Non-Proliferation Treaty (NPT), 
as have most other Middle Eastern states. 
But this view is not shared by most Israelis. 
A physicist at the Weizmann Institute, 


Shalheveth Freier, points out that Libya | 
openly but vainly shopped for bombs | 


before signing NPT, and, he adds, “‘it is to 
be doubted whether this switch in 
declaratory stance amounts to a change of 
intent’’. 

What Freier, Ne'eman and others would 
like to see is an agreement among all the 
countries of the Middle East for the estab- 
lishment of a nuclear weapons-free zone in 
this area, like the one set up in Latin 
America under the Treaty of Tlatelolco. 
For while NPT allows the country whose 
nuclear facilities are being inspected to 
determine who the inspectors will be and 
when they will come, the Tlatelolco Treaty 
calls for inspections at any time and by 
inspectors from the region itself. 





have launched plans to admit stu 
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Market forces 
are felt 


HUNGARIAN academic science is fighting 
recent cuts in government budgets by goi 
commercial. The first subsidiary comp. 
of a research institute has now. bi 
registered, and two Budapest univer 





from outside the Socialist bloc who will 


Izinta, the new subsidiary of the Instit I 
of Isotopes of the Hungarian Academy of 
Sciences, was created to circumvent. a 
government decree reducing the number of 
people who may be employed by any 2 
research institute. The Institute of Iso- 
topes, in addition to wide-ranging pro- 
grammes of pure and applied research, has __ 
had since its foundation in 1959. a 
production department which supplies the: ae 
Hungarian market with radiochemicals _ - 
and irradiation services. Since 1961, the 
institute has exported its products and EN 
services through the state trading company ot 
Medimpex. ce 

Hiving off the commercial side of the 
institute’s activities to form Izinta was thus 
a fairly rational method of reducing staff. 
Thirty scientists and technicians have been 
transferred from the institute to the new 
company, which will return 25 to 40 per 
cent of its profit to the institute which, in 
return, guarantees the ‘‘productive, tech- 
nological ane economic™ basis of Izinta. 


or maybe we need 
Out olin ‘logo... 








Courses for foreign students will ibe ae : 
introduced at the Semmelweis Medical . 


University (taught in German) and at the — 

















Budapest Technical University, where the — 
languages of tuition will include English. 
According to Dr Miklos Ivanyi, vice- — 
rector of the Technical University, a ‘‘con-. 
siderable proportion” of the hard currency 
thus earned will remain at the disposal of 
the university, while lecturers teaching th 
courses may be able to draw part of their 
salaries in dollars. Since a shortage of hard 
currency for journal subscriptions, x 
laboratory equipment and foreign travel i is: 
a growing problem of Hungarian academic 
life, other Hungarian universities: may wel 
decide to follow suit. Fees, said Dr Ivany 
have not yet been decided, but will” 
probably be significantly less than at ? 
similar establishments outside Hungary. 
Vers Ricl 
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_ Japanese literature 
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Congress seeks more translation 


Washington 

US SCIENTISTS are concerned that the flow 
of technical information between the West 
and Japan — whose scientific research 
establishment has now reached third place 
in the world — is a one-way street. Only a 
small number of Japanese journals and 
technical reports are readily available in the 
West, even in abstract form. Conversely, 
most Japanese scientists understand writ- 
ten English. 

“A very large part of the Japanese out- 
put is concealed from us because of the 
language barrier’’, says William 
Budington, librarian of the John Crerar 
Library in Chicago, an independent 

‘research library. Testifying before a House 
of Representatives subcommittee last 
week, Budington said that fewer than one- 
fifth of Japanese scientific and technical 

© journals are surveyed by the major 

-abstracting and indexing services in the 
West (such as Chemical Abstracts). And 75 
per cent of the Japanese publications are 
wholly in Japanese, compared with only 28 
per cent of those covered by the Western 
abstracting services. It is estimated that 
there are more than 9,000 Japanese scien- 
tific and technical journals. 

Budington says that there is a demand in 
the United States for Japanese publica- 
tions: his library, which receives a few hun- 
dred Japanese periodicals, finds them in 
“fairly heavy” use. He adds that 20-25 per 
cent of all publications translated from 
foreign languages that his library receives 
are from the Japanese. “‘It’s about to 
outstrip Russian’, he says. 

Dr Eleanor Westney, acting director of 
the MIT-Japan Science and Technology 
Program at Massachusetts Institute of 
- Technology, says the problem is not only 
that few Americans can read Japanese, but 

that even fewer can both read Japanese and 
evaluate technical material. And the lack 
of information about Japanese research 

-thus engendered feeds on itself: ‘‘there is a 

' widespread belief that all important scien- 

O: tific information will be published in 

English”. Dr Westney says that while this 


. _ may be true for the basic sciences, it is far 
~~. Jess so in applied fields. The Institute of 
Electrical and Electronics Engineers 


(IEEE) has recently given some credence to 
that view: its Magnetics Society announced 


plans to publish complete translations oft 


two Japanese journals on magnetics and a 
number of special proceedings — a total of 
1,500 pages per year. The service, available 
by subscription, will begin in January 1985. 
Clark Johnson, president of the Magnetics 
+. Society, says that the Japanse counterpart 
~~. to JEEE publishes 27 journals, many of 


which would probably also be worth | 


transiating. 

¿o The programme that Dr Westney directs 

> -at MIT is one of only two in the United 
‘States aimed at encouraging scientists and 











engineers to learn Japanese. MIT is sending 


six students each year to spend one year | 


working in universities, government 
laboratories and companies in Japan. (Dr 
Westney, ‘‘to lay to rest any lingering 


x25 


suspicious of Japanese ‘secretiveness , 


says that the MIT programme receives 


more offers from Japanese companies than 
it can fill with qualified students.) North 
Carolina State University runs a similar 
programme through its “‘Japan Center’’, 
established in 1980 largely to encourage 
Japanese investment in the state. 
Although Dr Westney says that suspi- 
cions of ‘‘secretiveness’’ are unfounded, 
she acknowledges that the Japanese handl- 
ing of their own literature does make for a 
certain impenetrability, even to foreigners 
fluent in Japanese. She says that the 
Japanese publications are not as well 


Applied embryology 
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abstracted or indexed, evenin Japan, as are 
Western publications in the West. Further, 
many researchers in Japan publish in the 
house organs of their university or com- 
pany — journals which tend to be 
deservedly obscure because of their uneven 
quality. Informal contacts, Dr Westney 
says, while obviously of importance in the 
West, become “‘critical’’ in Japan if one is 
to learn about recent important publica- 
tions, 

Representative Doug Walgren (Demo- 
crat, Pennsylvania) has introduced in Con- 
gress a bill that would allocate $750,000 to 
the Department of Commerce next year for 
abstracting, indexing, translating and 
disseminating Japanese technical informa- 
tion, through either the National Technical 
Information Service or the Office of Pro- 
ductivity, Technology and Innovation. 
Some independent efforts in Congress are 
under way to allocate funds for improved 
teaching of Japanese, as well as other 
foreign languages. Stephen Budiansky 


No surrogate British mothers 


THE use of surrogate mothers to bear 
children for infertile women now seems 
unlikely to expand on any organized scale 
in Britain. The council of the British 
Medical Association (BMA) last week told 
physicians that it would be unethical for 
them to become involved in such schemes, 
and a private member’s bill now being pro- 
moted in the House of Commons aims to 
make it illegal for agencies to offer ‘‘womb 
leasing’’ services. 
The use of surrogate mothers im- 
pregnated through artificial insemination 
by donor has been practised rather 
clandestinely in Britain, but the improving 
availability and success rate in vitro fer- 
tilization is expected to increase the de- 
mand for women willing to bear a child for 
payment of a fee. In the United States, 
where the practice is more widespread, 
several states have made it illegal to sell 
children, but agencies get round such laws 
by claiming fees as ‘‘medical expenses’. 
In Britain, the government’s Warnock 
committee, set up to advise on the implica- 
tions of new developments in the field of 
human fertility, is experiencing difficulties 
in deciding what it will say on the matter. 
BMA's decision last week will provide a 
strong lead: although its recommendations 
are not binding, they are likely to be ac- 
cepted by British physicians. The associa- 
tion’s central ethical committee received no 
submissions in favour of encouraging 
physicians to practise surrogating, and the 


major national associations concerned | 
| measures the bill advocates, is inclined in- 


with fostering are opposed to its use. 


The area is an ethical and legal minefield. | 
Despite the initial appeal of surrogate 


motherhood as a solution to infertility due 
to inability to sustain a pregnancy, BMA’s 
ethical committee decided that the prob- 
able damage to the child through being 





born into an unorthodox and perhaps 
damaging emotional and legal environ- 
ment should outweigh the desire of the 
parents for a child. . 

In Britain the law is not clear on the 
status of an agreement to bear another’s 
child if the pregnancy is started artificially: 
in the case of any dispute over such an 
agreement, it would be for the courts to 
decide the outcome. The offspring of a sur- 
rogate mother is however definitely il- 
legitimate under British law, and it is for 
the genetic parents to adopt it should they 
choose to do so. As this entails going 
through the courts, the affair comes into 
the public domain. 

Dr James Appleyard, who supported 
last week’s recommendation to BMA’s 
council, says the use of surrogate mothers 
is fraught with difficulties. In Britain the 
situation has already arisen where a sur- 
rogate mother refused to part with the child 


| she had carried, and a court ruled that she 


had the right to do so despite a previous 
agreement that the child would be handed 
over. Even more harrowing scenarios are 
easily envisaged: what, for example, would 
be the position if money was paid and then 
a child was born handicapped? 

The parliamentary bill aimed at prevent- 
ing ‘‘womb-leasing’’ clinics from 
establishing themselves in Britain may be 


debated this week but is not being actively 


supported by the government and so will 
probably have to be rescheduled. The 
government, while not opposed to the 


stead to await the Warnock committee’s 


recommendations, which are expected in 


June. But, already, Miracle Programmes 
Inc. of Washington DC has been ap- 
proached with a view to opening a sur- 
rogate clinic in Britain. 





Tim Beardsley 


























SIR — Your. leading article on the US 
manned space programme (Nature 307, 1: 
1984) is uninformed and unfair. The view 
that there can only be manned or 
unmanned space exploration is a needlessly 
adversarial position. The National 
Aeronautics and Space Administration 
(NASA) actively supports both program- 


mes, which are inexorably linked by space- 


craft support and technological advances. 

The lack of new unmanned planetary 
projects is more the consequence of 
decreased funding than deliberate policy. 
In the short term, planned unmanned space 
exploration is dependent on shuttle tech- 
nology; the Galileo, Mariner Mark II, 
Observer and Spartan programmes all 
require it. Moreover, the shuttle and an 
orbital platform are the key to the future of 
unmanned planetary exploration. The 
blanket statement that the shuttle harms 
planetary science is unfair, shortsighted, 
and untrue. 

So are the statements regarding the 
historic Apollo programme. The successes 
of Pioneer, Voyager and Viking depended 
and continue to depend on technology 
developed for the Ranger and Surveyor 
programmes, which were in turn developed 
for Apollo. Furthermore, the only signi- 
ficant quantities of extraterrestrial 
materials ever examined by scientists were 
returned by, as your writer quoted Tom 
Lehrer, ‘‘some clown on the Moon’’. The 
Statement that Apollo led “nowhere” 
overlooks at least 16 articles on Apollo- 
related research published in Nature 
between 1970 and 1972 alone’. 

Your statement that a manned space 
platform would yield ‘‘two decades of 
Original research on why astronauts vomit 
and whether you can make the perfect ball- 
bearing in space’’ demonstrates a lack of 
familiarity with the findings from Salyut, 
Skylab and recent shuttle flights. Such a 
platform will have many uses including 
satellite repair and maintenance, materials 
processing, astronomy, biology and basing 
for unmanned planetary probes. 

Your rather shortsighted implication 
that a manned space platform may be 
needed in the future, but not right now, 
smacks of the philosophy of Senator 
William Proxmire who recently awarded 
the Golden Fleece Award to NASA, stating 
that because the planets have been there for 

‘millions of years, and will be around for 
millions more’’, there is no hurry to 
investigate them. 

Your leading article underscores a major 
problem in research planning: short term 
versus long term. Technology developed 
for either the manned or unmanned pro- 
gramme ends up in the other, and both 
projects benefit. Adherents of the two 
philosophies should not bicker, but should 


_ join forces to lobby for increased funds. 


. Most importantly, emphasis should be 
placed on long-term Poning of manned 
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an or machine in space 


and unmanned space exploration. The 
shuttle and a permanently manned orbital 
platform are a good first step. 

MARK OWEN MARTIN 
Department of Biological Sciences, 
Stanford University, 
Stanford, California. 94306 USA 


i. Nature 226, 925 (1970); 228, 254 (1970); 232, 94; 234, 211, 
402 (1971), 236, 215, IRE C1972): 237, 158, 446 (1972); 
238, 450 (1972); 239, 205 (1972); 240, 94, 95, 96, 119, 259 
(1972), 
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Plum pox virus 

SIR — In Nature (303, 365; 1984) under the 
title “‘Italy’s farmers battle with virus”, 
Robert Walgate described an outbreak of 
plum pox virus (PPV) around Turin and 
Bologna. In that article, the phytopatho- 
logical problem appeared dramatic. I would 
like to modify the impressions given, and 
describe the present situation. 

The Italian Ministry of Agriculture was 
informed of the outbreak soon after its dis- 
covery, in August 1982. In November 1982, 
it sent a letter to the regional phytopatho- 
logical service ordering the destruction of 
all affected trees. On compensation, the 
regional administration of Piedmont has 
agreed to supply healthy trees free of 
charge to replace those destroyed. 

Eradication of infected. trees was, 
however, begun immediately by personnel 
of the regional phytopathological service. 
All trees in orchards in the affected area 
were screened individually for PPV 
symptoms. The apparently infected plants 
and those surrounding them were checked 
for PPV serologically at this institute. The 
results of this survey will be presented at the 
“‘Giornate Fitopatologiche’’ to be held in 
Sorrento (Naples) on 29 March 1984. They 
can be summarized as follows. 

PPV was detected only in apricots and 
in some suckers from wild peach and 
mirabolan rootstocks of infected apricots, 
but not in peaches or plums. The outbreak 
appeared restricted to about 2,500 hectares 
of cultivated land. During 1982 and 1983 
more than 15,000 plants were screened and 
some 1,400 found to be infected. The two 
main virus foci detected in 1982 (500 trees) 


were destroyed the same year while seven | 


other foci detected in 1983 are to be des- 
troyed during the present winter. 


The spread of PPV in Piedmont seems to | 


have occurred mostly by vegetative propa- 
gation. In only a few cases does the 
gradient of incidence in the orchards 
suggest that secondary spread of virus by 
aphids may have occurred. 

These result allow us to hope that the 
outbreak of PPV may be contained this 
year. It may even be possible to eradicate 
PPV from the area within a few years, 
although in other countries eradication has 
proved difficult. MAUR RIZIO CONTI 


| Instituto di Fitovirologia a fe 
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| reduction in cholesterol intake, because. 
| dietary cholesterol has too little influence : 





* ee at 
Dietary cholesterol 
Sik — The Lipid Research Clin 
Coronary Primary Prevention Trial (LR oe 
CPPT) showed conclusively that lowering 
of serum cholesterol by means of a bile acid 
sequestrating drug reduced the chance of a 
heart attack. Your editorial’ suggests that 







this does not prove the benefit of a 





on blood cholesterol levels in man. Be 

Such a statement combines two: errors, 
First, it equates a cholesterol- lowering diet 
with a low-cholesterol diet. In. man, 
however, the most important determinant 
of serum cholesterol is not the amount of 
cholesterol in the diet but that of saturated 
fatty acids. Reduction of saturated fatty: 
acid (and cholesterol) intake, combined 
with an increased consumption of poly- 
unsaturated fatty acids, reduced serum. 
cholesterol by 10 to 15 per cent or more in 
several long-term mass field trials?, This- 
contrasts with 8.5 per cent in LRC-CPPT, 
which is typical for other drug trials as 
well’. So diet is generally more effective 
than drugs in lowering cholesterol. 

A second error is the suggestion that 
dietary cholesterol has a negligible effect 
on serum cholesterol. It is true that if one 
already eats two eggs a day (equivalent to 
about 500 mg of cholesterol) one might as 
well eat four as far as serum cholesterol is 
concerned, because there is a saturation 
effect. However, reduction of daily choles- 
terol intake from the usual US or British 
intake of about 500 mg to 200 mg will 
reliably lower serum cholesterol by 4 per 
cent on average, and by more than that in 
““*hyperresponders”’ with high sensitivity to. - 
dietary cholesterol’. Thus the effect. of 
cholesterol in the diet is small, but not 
unimportant. MARTIJN B. KATAN 
Department of Human Nutrition, 
Agricultural University, 

De Dreijen 12, 6703 BC Wageningen, 
The Netherlands 
ANTON C. BEYNEN | 
Department of Laboratory 
Animal Science, 
State University, 
Yalelaan 1, 3508 TD Utrecht, 
The Netheriands 
1. Nature 307, 205 (1984). 
2. Rifkind, B.M., Goor, R. & Schucher, B. Atherosclerosis. a 


Vol.6 306-310 (Springer, Bertin, 1983). 
3. katan, M.B., & Beynen, AC, Lancer i, 1213 (1983), 


Effect and affect 


Sik — I should like to draw attention tothe 
recent North American fashion for the use. 
of the word ‘‘affect’’ as a noun. The usage ` 
seems to have spread like a forest fire- 
through my American colleagues. I tell 
them that they can “affect an effect’? but 
not “effect an affect’. But they take no ~ 
notice and persist in this affectation. | E 
R.C. WATKINS — 
Esso Chemical Research Centre, a 
PO Box 1, Abingdon, 
Oxfordshire OX13 6BB, UK 
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Henge manufacture 
Sir — As a mining engineer engaged, like 
my colleague of some four millennia ago, 


= in the acquisition and carving of stones for 


a henge, albeit at only half his scale, I have 
perforce been studying his work. 

Two points seem to have been missed 
in discussion of the original Stonehenge. 
.. The first is the mysticism concerning the 

“number 19. G.S. Hawkins has suggested 
that its relevance was to the period of swing 
of the Moon, about 18.6 years (Stonehenge 
Decoded, Fontana, London). A simpler 
reason would be if the Hyperborean month 
were 19 days. The symbolism of this is that, 
allowing for 4 feast days, which would be 
time out of normal work (midwinter, the 
equinoxes and midsummer), this gives us 
19 such months in the year. This fortu- 
ituous combination of the 19s would be 
marked and relate to the 19 bluestones of 
the inner circle. 
~The second point deals with transport- 
~ ation, Common opinion suggests that the 
stones were manually hauled to the site. 


-> But surely if oxen were available to provide 


shoulder blades for shovels, they would 


also be present to provide haulage for the 


stones. Given that oxen can pull between 
1,200 and 4,000 pounds weight, depending 
on where they fit in the scale between 


= modern oxen and buffalo, this would 


reduce the haulage team from 700 men to 
15 to 50 animals. In my colleague’s defence, 
I propose this as a much more likely option 
than that commonly accepted. 

DAVID A. SUMMERS 
Rock Mechanics and 

Explosives Research Center, 

University of Missouri-Roila, 
Rolla, Missouri 65401, USA 


Japanese IQ 





Sir. Richard Lynn’ agrees with me that . 


the value for mean Japanese IQ should be 
dropped from the 111 of his original 
article? to 106.6, assuming that Americans 
have made IQ gains at the rate claimed. 
That rate has now been supported by a 
massive body of data’. He also offers an 
adjustment for the urban bias of the 


Japanese sample which, if the missing rural 


~ subjects were 7 points below national 
norms, would reduce Japanese IQ to 104.4. 
However, the allowance for urban bias 
may not be sufficient. The sample not only 


had no subjects from villages or small towns 


but also under-represented Japanese from 
cities less than 50,000 in population’. The 
sample represented only the upper 70 per 
cent of the population on an urban-rural 
scale and if the extra missing subjects were 
even 3 points below national norms, 
Japanese 1Q would fall to 103.9: 106.6(.696) 
+ 100.9(.063) + 96.9(.241) = 103.9. 
More important, Lynn makes no 
allowance for possible bias for socio- 
economic status (SES) in the sample, a 


possibility suggested by the fact that no | 
effort was made to stratify for this | 
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variable*. Mayo Mohs notes that the 
sample included some elite schools affil- 
iated with private universities’. As to the 
difference an elite SES bias might make, 
assume that we divided the urban subpopu- 
lation of Japan into upper 50 per cent and 
lower 50 per cent on an SES scale and that 
67 per cent of the sample represented the 
former and 33 per cent the latter. Given a 
correlation between parent’s SES and 
child’s IQ of 0.50 (ref.4), this bias would 
come to about 2 IQ points: (6 + 6-6)/3 = 
2. The true mean IQ of Japanese children 
against current white American norms 
would drop to 102, at which point the 
absence of Japanese scores for the verbal 
component of IQ tests assumes greater 
significance. 

As Lynn points out, evidence on urban- 
rural differences is mixed! , and the sample 
may have been substandard rather than 
elite for SES. But we just do not know and 
should await better evidence before giving 
estimates of Japanese IQ. It is inevitable 
that textbooks over the next decade will 
refer to a mean of 111 but the profession 
should do all in its power to provide an 
antidote. JAMES R. FLYNN 
Department of Political Studies, 
University of Otago, New Zealand 


1. Lynn, R. Nature 306, 292 (1983). 

2. Lynn, R. Nature 297, 222 (1982). 

3. Flynn, J.R. Psychol, Bull. 98, 29-51 (1984). 

4. Stevenson, H.W, & Azuma, H. Nature 306, 291 (1983). 
$. Mohs, M. Discover, 20 September (1982). 


© Correspondence on this matter is now 
closed — Editor. 


Why abstract? 


Six — In drawing attention to the increas- 
ing extent to which abstracts of papers 
delivered verbally at conferences are being 
published in scientific journals, M.A. Bray 
(Nature 307, 206; 1984), bemoaned the fact 
that large numbers of citations of in- 
dividual conference abstracts tend to ap- 
pear among references retrieved by com- 
puterized literature searches. You suggest 
that database compilers might admit as 
search criteria Boolean specifications such 
as ‘‘not abstract’’. Would it not be better, 
however, to consider whether abstract- 
type papers should be included in such 
databases in the first place? 

Those who favour their inclusion would 
argue (1) that an abstract from a con- 
ference may be the only record of a piece of 
research, (2) that it gives notice of research 
results long before they are written up in 
full, or (3) that since abstracts are often 
cited in research papers they must be ac- 
corded some scientific value. 

Those who think abstracts should not be 
included would argue (1) that they are gen- 
erally only interim summaries of ongoing 
research which will be written up in full in 
due course, (2) that they are often not back- 
ed up by fuller reports and so represent on- 
ly a minimal form of publication or (3) that 
database compilers should concentrate on 
conventional primary literature. 

The Commonwealth Agricultural 
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| Bureaux (CAB), which publishes a large 


series of abstract journals covering the 
literature on agriculture and related fields 
(the consolidated machine-readable 
database is known as CAB Abstracts), 
is reviewing its policy on conference 
abstracts. While full papers in conference 
proceedings will continue to be dealt with 


| like any paper in a primary journal, we 


need to consider whether indtvidual con- 
ference abstracts should be included (the 
full proceedings will still be cited). Before a 
final decision is made on this matter, com- 
ments from both researchers and database 
users would be helpful. J.R. METCALFE 
Commonwealth Agricultural Bureaux, 
Farnham House, Farnham Royal, 

Slough SL2 3BN, UK 


Last amateur 


Sin — It is unfortunate that your ‘‘100 
Years ago’’ on William Barlow’s first 
paper on the relations of crystal structure 
to symmetry! failed to give him credit by 
name. Barlow, one of the last in the English 
tradition of talented self-taught 
‘“‘amateurs’’, went on to devise a 
completely original formulation of 230 
crystal space groups? that was pre-empted 
by the slightly earlier publications of E.S. 
Fedorov and Artur Schénflies. His theor- 
etical models of crystal structure, like those 
you reprinted, inspired W.H. and W.L. 
Braggs’ actual solution of crystal structures 
by X-ray diffraction. But his valence 
theory of 1906-10 (with W.H. Pope of 
Cambridge) was far off the mark, and the 
new theories of crystal structure passed him 
by. He did not publish anything further 
after 1915 although he lived until 1934, 
but he deserves to be remembered as one of 
the completely original minds of his 
time. WILLIAM T. HOLSER 
Department of Geology, 

University of Oregon, 

Eugene, Oregon 97403, USA 


i. Nature 306, 43 (1983). 
2. Barlow, W. Z. Kristallogr. 23, 1-63 (1894). 








Count down 


Sik — In the jargon of radiation detector 
technology, ‘‘count”’ is used correctly as a 
verb, but also perversely to describe the 
event or pulse so counted and, with slightly 
more justification, for the act of counting 
for a chosen period and for the result. Thus 
instructions to a student might read: 
stake thirty 30-second counts, record the 
number of counts for each count, and calculate 
the average number of counts per second”. 
That students can nevertheless perform the 
experiment correctly is an indication that 
they have been exposed to such misusage 
from an early age and accept it as normal. 
One should count pulses, and restrict the 
counting of counts to statistical studies of 
European nobility. R. F. ENTWISTLE 
Department of Physics, 
University of Otago, 
Box 56, Dunedin, New Zealand 














Not for the first time, Professor Thomas 
Gold from Cornell University has provided 
astrophysicists with anew agenda, this time 
on the old question of the mechanism by 
which the Sun and stars like it were formed, 
Speaking at last week’s meeting on rotation 
in the Solar System, organized in London 
by the Royal Society, Gold invited his au- 
dience to abandon the conventional 
framework that the Solar System was 


formed by rapid condensation within a 


molecular cloud, perhaps in some tens of 
thousands of years, and that the Sun and 
planets were then formed by differential 
condensation within such a compact mass 
— and to follow instead his own conviction 
that the condensation was much slower, 
perhaps extending over several hundreds of 
millions of years. 

_ Gold’s starting point is the now familiar 
observation that the angular momentum of 
the Sun is a small part of the angular 
momentum of the Solar System as a whole 
~~ | part in 180 to be precise. The standard 
explanation is that during the final stage in 
the evolution of the Solar System when the 
planets differentiated from the Sun, 
angular momentum was transferred to the 
outer objects from the centre, the rotation 
of which would otherwise be too rapid for 
stability. Gold’s argument is that the Solar 
System did not form by the initial collapse 
and subsequent dispersion of angular 
momentum (and some material), but that 
slow accretion onto a central object was 
dominant from the start. 

The chief objective of Gold’s argument 
isto explain why the Sun now embodies 
such a small proportion of the angular 
momentum of the Solar System as a whole. 
On his view but also on the conventional 
view, the total should of course be that of 


the portion of the molecular cloud from 
_ which the whole Solar System is derived 


ss the amount of angular momentum lost 
ing or after its formation. On both 





2 < views, the original cloud was larger than 
-~ the present dimensions of the Solar 
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_ System, so that its rotational speed would 


have been less than that of the planets 


(measured in years) or of the Sun (less than | 


a month). 
Gold pointed out last week that if 


> Uranus and Neptune, now largely made of 


carbon, oxygen and nitrogen, began life as 
much larger objects with a chemical 
composition more like that of Jupiter and 


_ Saturn, the subsequent loss of large 





amounts of hydrogen and helium would 


__ have entailed a substantial loss of angular 
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Professor Thomas Gold has stood the conventional view of the origin of the Solar System on its ‘ 
head and seems certain to provoke astroph ysicists to a wave of recalculation, even observation. n 


momentum, in which case the small frac- 
tion of the total now embodied in the Sun 


would have been even smaller in the past. 


What can account for this state of 


affairs? Gold’s explanation is simple but 
ingenious. Let there be some portion of a 


molecular cloud which, as a consequence 
of some density fluctuation, is dense 


enough to be self-gravitating and thus to 
have a centre of gravity. If the material is 
also dense enough for intermolecular colli- 
sions to be significant, it will begin to ac- 


cumulate near the centre until, in the 


course of time, the centre is occupied by an 
identifiable mass, a proto-star, by which 
time at least the inner portion of the cloud 
will have become disk-like. In this condi- 
tion, the central object will continue to ac- 
crete material from the disk, but with an 
angular momentum appropriate to the or- 
bital speed at its equator. Plainly such a 
process of accretion cannot avoid the diffi- 
culty that a star grown in this way would 
have a very large angular momentum 
unless the growing object were more com- 
pact than the Sun. But this, Gold said last 
week, could be the case if the slowly ac- 
creting object were statistically degenerate, 
perhaps even a neutron star. Then, 
although the equatorial orbital speed will 
be very large, the increment of angular 
momentum will be only small. And the cen- 
tral object will come to resemble a main- 
sequence star only when accretion makes 
the central temperature and density of the 
central object great enough for ther- 
monuclear energy production to begin, 
whereupon the object will quickly grow in 
size (oscillating in the process) and, like an 
ice-skater who stretches out his arms, will 
then spin more slowly. 

But what evidence can there be to guide 
the choice between Gold’s accretion 


scheme and the conventional view? Each | 
entails the production of the central star 


from a rotating disk of material. Gold last 
week drew attention to two supporting 
lines of evidence — the observation that 
most non-binary stars are also, like the 
Sun, slowly rotating objects and that the 
vectors of the angular momentum of the 
Sun and of its planetary system point in 
directions which are more than 7 degrees 
apart. Gold’s argument is that this mis- 
alignment is simply not explicable if the 
planets are the means by which a rotating 
central object sheds excess angular 
momentum, but that slow accretion from 
what might well-be a puckered disk can 
easily accommodate the discrepancy. 


suggestions that the material of which the 





It is too soon to know where all this will =- 
lead. The ideal would of course bethat the 
same model of slow accretion should also 
account for the formation of binary stars, a 
which may presumably be the products of 
the fission of degenerate stars rotating too 
quickly for stability, but that arithmetic 
has not yet been done. What is clear is that 
for single slowly accreting stars, the rate of = 
heat conduction through the degenerate 
material of the growing but inert proto-star 
will limit the rate of accretion that can be 
accommodated without igniting thermo- 
nuclear fusion, whence the guess that the 
formation of visible stars will be slow. An : 
obvious difficulty for the new model, rais- 
ed last week, is the homogeneity of age of 
Stars in globular clusters and that it may 
allow too many black holes to form. l 

Gold himself last week acknowledged ` 
that the expansion of a degenerate star — 
would probably not be sufficient to ac- 
count for the slowness of rotation of the 
Sun, perhaps by a factor of five, although 
he argued that mechanisms involving the 
outward transfer of angular momentum by 
the agency of magnetic fields (invoked on 
the conventional view) are more than ade- 3 
quate to bridge this gap. One intriguing 
possibility is that it may be possible to iden- = 
tify proto-stars in this mould by looking in 
molecular clouds for Doppler-shifted emis- 
sion from material travelling : with the 
equatorial orbital speed just above the sur- 
face of a rotating degenerate star, 

The planetary implications of Gold’s 
model are also potentially fruitful. One 
possibility is that late in the accretion of the 
central star, the residue of the molecular 
cloud might consist of a sequence of rings 
not all in the same plane; Gold argues that 
such a system could account not only fe 
the formation of Oort’s cometary belt ar 
for the occurrence of chemically inhom« 
geneous meteoritic material but also fort 














Solar System is made has been con- 
taminated with material derived from at. 
least two supernova explosions whose pro- 
ducts are not distributed evenly. J 

Last week, Gold himself was obviously. 
shy of carrying such arguments too far, if 
only because that would accommodate an 
ad planetum explanation of each object in: 
the Solar System. Diffidence on that ac- 
count, natural enough, is not however an` 
argument against Gold’s model, which is- 
certain in the next few months (or weeks?) = 
to have people in the field rushing to their ~- 
computer programs. John Maddox 





224 





Astronomy 


An infrared view of the Universe 


from Joseph Silk 


Ir is said that the holy grail of infrared 
astronomy is the discovery of a star being 
born. The Infrared Astronomical Satellite 
(IRAS) has brought astronomers closer 
than ever before towards attaining it. 

The satellite experiment is the result of a 
collaboration between British, Dutch and 
US astronomers, and was intended to 
provide a systematic, unbiased and 
sensitive survey of the entire sky over four 
infrared bands, at 12, 25, 60 and 100 um. 
The advantages of conducting an infrared 
survey above the Earth’s atmosphere are 
twofold: first, only in space can a telescope 
be sufficiently cold to overcome the 
thermal pollution that fogs the infrared sky 
as seen from the ground; and second, it 
makes it possible to peer more deeply into 
the Universe. Although the satellite, 
launched on 23 January 1983, exhausted its 
cryogenic helium supply barely 10 months 
later, thereby terminating the survey, the 
. accumulated data will occupy astronomers 
for years to come. The first scientific 
results appear in the 15 March issue of 
Astrophysical Journal Letters, here I 
discuss some of the highlights. 

Preliminary results of a minisurvey over 
some 900 square degrees reveal nearly 
9,000 infrared sources, according to 
Rowan-Robinson ef al. Away from the 
plane of our Milky Way galaxy, more than 
half of the sources at 12 and 25 um can be 
identified with bright stars. About a 
quarter of the sources seen al longer wave- 
lengths are identified with known galaxies 
while many others are more local objects 
embedded in dust clouds — perhaps newly 
forming stars. Within 10° of the galactic 
plane, there is so much activity associated 
with star formation that it becomes 
exceedingly difficult to pick out individual 
objects from the survey. 

Study of the sources that can be identi- 
fied with known objects has proved 
rewarding. A characteristic feature of 
many regions of star formation is the 


presence of energetic outflows, which can | 


be detected both directly as high-velocity 
molecular gas and by the presence of 


shock-excited gas clumps — known as- 


Herbig-Haro objects — which have been 
conjectured to be the remnants of the inter- 
action of a high-velocity wind with a dense 
inhomogeneous molecular cloud. Through 
infrared observation it is possible to probe 
the nature of the heavily embedded objects 
that drive the outflows. 

Emerson et al. studied two candidate 
driving sources in the dark cloud L1551, 
which is associated with three Herbig-Haro 


objects and has a well-mapped bipolar | 
<= flow, One source (IRS-5) had previously | 
been identified with a low-mass protostar 


that drives the molecular gas outflow. The 
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other is 0.1 pc away from IRS-5 and appears 
to be a dust-embedded precursor of a low- 


luminosity pre-main-sequence star. Star | 


formation is occurring at more than one 
place in the L1551 cloud, as predicted if the 
parent cloud has undergone fragment- 
ation, The situation resembles that seen in 
sites of massive star formation: low-mass 
stars may form by a similar mechanism. 
Another pair of Herbig-Haro objects, 
HH46 and HH47, appear to have been 
ejected from a nearby dark globule, which 
contains a similar dust-embedded 
precursor of a low-mass star. 

That formation of low-mass stars is 
endemic to dark globules has been 
confirmed in more detailed studies of dark 
clouds. Two compact sources of radiation 
were discovered within the dense core of 
the cloud Barnard 5. One is a newly formed 
protostar of solar mass; the second is much 
cooler and may be a density fluctuation in 
the very earliest stage of collapse. Two 
other newly formed stars of solar mass, still 
enshrouded in dust shells, were found 
nearby. Thus Barnard 5, an apparently 
quiescent globule of dense molecular gas, 
has now been observed to contain as many 
as four protostars. The stars may have 
formed by the fragmentation of the dense 
core of Barnard 5 and are now responsible 
for providing enough energy input to 
stabilize the cloud against further collapse. 
The dark cloud complex Chamaeleon I was 
found to contain many newly formed stars. 
Some sources have been identified with 
known pre-main-sequence objects, but a 
considerable proportion have no optical 
counterpart: presumably, they are deeply 
embedded in the cloud. Cool sources were 
detected only at the longer wavelengths and 
appear to surround the main cloud. They 
seem to be associated with small globules 
and may represent the earlier stages of 
collapse. Perhaps a hundred thousand 
years from now, protostars of solar mass 
will have emerged from cocoons in the 
globules. 

Clearly IRAS has produced the best 
links, as yet, between molecular clouds and 
newly formed stars. But it has also allowed 
a fascinating insight into the nature of 
galaxies because almost all the energy 
produced by newly formed stars is emitted 
from their placental gas and dust shrouds 
at infrared wavelengths. The infrared 
properties of galaxies determine the distri- 
bution, energetics and overall rate of star 
formation which is invaluable information 
for understanding galactic evolution. 

In a study of a complete optical sample 
of 165 nearby galaxies, de Jong ef al. verify 
that infrared emission is generally corre- 
lated with blue luminosity, which is assoc- 
iated with massive young stars. Predom- 
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inantly spiral galaxies have been detected 
by IRAS; normal ellipticals in the sample 
were not detected. 

One surprise is that the range of infrared- 
to-blue-luminosity varies considerably 
from galaxy to galaxy. While the 
Andromeda galaxy, for example, is a very 
weak infrared source, emitting only 3 per 
cent of its blue light in the infrared, other 
more active spirals emit up to five times as 


much infrared as blue light. The weakly 


emitting spirals have rather cool dust (at a 
colour temperature of \ 25K), while the 
more luminous infrared galaxies are often 
warmer (50K), suggesting an enhanced 
formation rate of massive O stars 
surrounded by molecular clouds. 

It might be predicted that a sample of 
galaxies selected from the infrared survey 
would contain the most infrared-luminous 
galaxies. Indeed, Soifer et al, identify 
nearly 100 spirals that have infrared lumin- 
osities greater than or comparable to their 
luminosities in the blue. The wide range in 
infrared luminosities is probably the result 
of variation in dust content from galaxy to 
galaxy, as well as variations in star 
formation rate. The very luminous 
infrared galaxies are only a small 
proportion of all galaxies. However, a 
surprisingly large fraction of the infrared- 
selected sample are found to have 
neighbouring galaxies nearby. Theory has 
suggested that the tidal interaction of a 
galaxy with close neighbours can trigger 
outbursts of star formation, and the IRAS 
data provide tantalizing evidence for this 
conjecture. Moreover Young ef al. have 
found that many of the infrared sources 
detected in the Hercules cluster of galaxies 
are spiral galaxies. The most Juminous 
galaxy has a warped disc and has been cata- 
logued as an interacting galaxy. Its 
enhanced infrared luminosity is probably a 
result of a burst of star formation triggered 
by the interaction: tidal forces would have 
compressed molecular cloud complexes 
and initiated collapse. 

Since some galaxies can be such spec- 
tacular emitters in the far infrared, infrared 
emission might reveal the presence of 
galaxies where optical observations are 
inconclusive. This seems to be the case for 
quasars. In a comparison of the infrared 
data on radio-loud and radio-quiet 
quasars, Neugebauer ef al. find the 
infrared continua of the radio-loud 
quasars are consistent with the spectrum 
expected from synchrotron emission by 
relativistic electrons, as extrapolated from 
the radio-frequency region. By contrast, 
the two radio-quiet quasars observed 
reveal an excess over the power-law 
component at 100 um, suggesting a contri- 
bution from an underlying spiral galaxy 
that is vigorously forming stars and is 
bright at 100 um. Indeed there is evidence at 
1-2 um that the infrared emission around 
both radio-quiet quasars is extended, 
consistent with the presence of a sur- 
rounding galaxy. The infrared 100 pm 
luminosity for the underlying galaxy is 
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similar to that of active spiral galaxies. 
~~. One of the most spectacular results from 
~ IRAS is the discovery by Auman et al. ofan 
infrared excess, extending to 20 arc s at 60 
pm, around the bright star Vega. The most 
likely origin of the infrared emission is 
thermal radiation from solid grains, at least 
1 mm in radius — smaller grains would 
have spiralled into Vega by the Poynting- 
Robertson effect — and heated by light 
from Vega to about 85K. The grains must 
lie in a shell or ring at a distance of about 85 
AU from Vega and in orbit around the star. 
These particles cannot have been present 
since the time of formation of Vega, some 
1-2x10* yr ago, since they are much larger 
-. than typical interstellar grains (which are at 
most 0.5 um in size). Clearly they have 
grown considerably since Vega formed. 
Since our Solar System is about 4.5x10? yr 
old, it is tempting to infer that the shell 
around Vega represents some intermediate 
stage in the formation of a planetary 
system. 

Another major surprise from IRAS is 
the discovery of interstellar cirrus. Low et 
al. report extended patches of far-infrared 
emission, seen predominantly at 60 um and 
100 um, both high above the galactic plane 
and in the ecliptic plane. Three 
components have been identified: one 
associated with neutral hydrogen and dust 
concentrations at very high galactic lati- 
tudes; another in the ecliptic, associated 
with the interplanetary medium and 
apparently running continuously around 
the Solar System; and a third — the coldest 
~ which correlates poorly with any known 
structure in the Galaxy or Solar System. 
Degree-size patches of 100 um emission are 
seen and could represent either dust clouds 
in the outer Solar System, or a novel com- 
ponent of the interstellar medium. IRAS 
observations, taken six months apart, 
should be capable of resolving this enigma. 

Finally, the IRAS minisurvey has 
revealed some very intriguing unidentified 
objects that may be of a fundamentally new 
type. Houck ef al. identify nine point 
sources that are bright at 60 um but have no 
obvious identifiable optical counterpart 
brighter than 18.5 mag. The intrinsic 
infrared luminosity exceeds that in the blue 
band by at least an order of magnitude. Of 
course, these sources may not be extra- 
galactic or even outside the Solar System. 
Nevertheless, their discovery is one of the 
potentially most important accomp- 
lishments of IRAS. Radio surveys led tothe 
discovery of quasars and pulsars; X-ray 
surveys came up with X-ray binaries and 
bursters; now the race will begin to explain 
the unidentified sources in the first all-sky 
infrared survey. 

During the next decade both the 
European Space Agency and the National 
Aeronautics and Space Administration 
have plans for a sequel to IRAS. Both the 
European (ISO for Infrared Space Obser- 
vatory) and the American (SIRTF for 
Shuttle Infrared Telescope Facility) 

_ experiments are designed to be operated as 
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true observatories for infrared astronomy, 
carrying a variety of focal-plane instru- 
ments. Cryogenically cooled l-m class 
space telescopes will be able to study the 
infrared sources discovered by IRAS at 
more than 100 times the sensitivity and 
spectral resolution and provide detailed 
pictures of even the faintest IRAS sources. 
This quantum leap in infrared capability 


Radiography of the living brain © 


Ir was not until thirty years after the first 
X-ray images of the skull that the first 
cerebral angiograms, obtained by Egas 
Moniz and shown here, revealed the distri- 
bution of tissue, blood and water in the 
brain. 

A neurologist at Santa Maria Hospital in 
Lisbon, Moniz planned to inject a contrast 
agent in order ‘‘to make the diagnosis of 
the localization of the majority of [brain] 
tumours through the alteration of the 
normal arterial pattern of the cerebrum”, 
The idea was not new: as early as 1896 E. 
Haschek and O.T. Lindenthal in Vienna 
studied the hand of a corpse through 
injection of Teichmann’s mixture, a toxic 
amalgam of petroleum, quicklime and 
mercuric sulphide. But to perform angio- 
graphy on a living patient, Moniz had to 
find a less hazardous contrast agent and a 
way to inject it so that good photographs 
could be taken before it was heavily diluted 
by the blood flow. 

The method he adopted consisted of 
exposing the internal carotid artery, 
injecting the contrast agent, immediately 
placing a ligature on the artery and then 
releasing it a split second before taking the 
radiogram. With his third subject Moniz 
achieved success at an exposure of 0.25 s 
using a 25 per cent solution of sodium 









will do for the infrared astronomers wha 
the Einstein Observatory did for X-ray 
astronomers. Only then will we see more: 
than the tantalizing glimpse of the infrared. 
sky that IRAS has already provided. Chee 
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chloride. ‘‘At that unforgettable hour, the- 
afternoon of 28th of June 1927,” wrote 
Moniz later, “all our attention. was- 
concentrated upon the first arteriogram. 
We remember with pleasure the work. 
done, . . . the culmination of an obsession = 
to realize a long-standing project. On the. 
film [shown below] the cerebral vessels.” 


were seen, but deformed through the. 


presence of the tumour. The internal 
carotid artery was pulled forward. .. The 
sylvian artery was displaced upward from 
its normal position.” 

Within the next decade another. 
thousand diagnoses by means of angio- 
graphy had been successfully conducted 
and the technique had been applied by - 
Reynaldo dos Santos, Moniz and others to 
obtain arteriograms of other parts of the 
body. Ironically, Moniz was to share the 
1949 Nobel Prize for Medicine on the 
strength of originating the technique of 
prefrontal lobotomy, a practice later dis- 
credited, whereas his lasting contribution to 
cerebral angiography went unrecognized at 
the time. Jon Darius 


Selected from Beyond Vision by Jon Darius of 
the Science Museum, London (to be published 
in April by Oxford University Press). Radio- 
gram reproduced by courtesy of Antonio Coito 
of the Santa Maria Hospital in Lisbon, 
Portugal. 
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Paths to immortality and back 


from T.B.L. Kirkwood 


RECENT exciting developments in the 
characterization of cellular and viral on- 
cogenes show that the immortalization of 
mammalian cells is an important feature of 
their progression from normality to 
malignancy'*. This finding makes natural 
sense; populations of normal cells exhibit 
only finite division potential when grown in 
culture, and it is commonly held that there 
is an intrinsic limit to cell proliferation that 
must be overcome in vivo before a cancer 
can be formed. (But immortality is not ab- 
solutely required; if the potential for cell 
division is great enough a lethal tumour can 
be found without it.) At the same time, it is 
widely believed. that the limited growth of 
cells such as fibroblasts is a contributing 
factor in the process of ageing’. 

If both these ideas are true, then cancer 
and ageing are intimately connected at the 
cellular level, and if we could but under- 
stand the mechanism by which one process 
occurs, we should be better placed to under- 
stand the other. Behind the simple dichot- 
omy between finite and infinite cell popul- 
ation growth, however, lie complex issues. 

First, there are two quite different types 
of theories to explain why cells stop pro- 
liferating. One postulates a rigourously 
programmed series of events specifically 
aimed at terminating cell division; the 
other, that cells cease growing because they 
accumulate random defects, particularly 
among macromolecules. The two mechan- 
_ isms call for quite different explanations of 


how cells can escape the ageing process and 


become immortalized’, although testing 
<: for this difference is by no means easy. 
Second, while the growth behaviour ofa 

population of cells is necessarily deter- 


mined by the replicative properties of the | 


individual cells within it, the relationship is 
not always obvious. If immortal cells give 
rise to mortal cells which undergo only a 
finite number of divisions before they die, a 
culture consisting initially of immortal cells 
may nevertheless have only a finite life- 


span’. This surprising outcome arises 
because the immortal cells are ‘diluted’ by — 


their mortal progeny and, in appropriate 
circumstances, may become so scarce that 
they are lost altogether. 


Two recent studies, both by groups with- 
long-standing interests in the problems of — 
cellular ageing, suggest that the trans- 
formation of normal cells to immortality | 


may not be as irreversible as is generally 
thought, and throw light on some of the 
difficulties in interpreting the phenomenon 
of immortalization. | 
Pereira-Smith and Smith® used fusions 
between different combinations of mortal 


_ and immortal somatic cells to see whether 
z cellular immortality is dominant or 


- recessive. When normal cells were 





hybridized with three simian virus 40 
(SV40)-transformed cell lines and with a 
variety of cell lines (including HeLa) deriv- 
ed from malignant tumours, in all cases the 
phenotype of immortality was recessive, 
although variant immortal cells did arise at 
low frequency (around 1 in 10°) within 
some of the non-proliferating hybrid 
populations. These results confirm and 
significantly extend earlier reports of the 
dominance of mortality over immortality 
in human cell hybrids’. 

More strikingly, Pereira-Smith and 
Smith have also found that in fusions bet- 
ween some pairs of immortal cell lines, 
growth is finite but that in others, all 
hybrids cells can divide indefinitely. This 
surprising result is interpreted as support 
for the hypothesis of programmed cessa- 
tion of cell division, the argument being 
that immortality can arise from various 
distinct dysfunctions in the programme 
and that, among hybrids between cell lines 
immortalized in different ways, com- 
plementation can restore the operation of 
the programme for mortality. I will, 
however, explain that this finding does not 
militate against the alternative hypothesis 
of random damage as strongly as Pereira- 
Smith and Smith have claimed; in any case, 
for a trait as complex as immortality, the 
classical concepts of dominance and 
recessiveness may be too narrow. 

The second study, by Huschtscha and 
Holliday'’, details the events surrounding 
transformation by SV40 of the human 
diploid cell strain MRC-5, comparing two 
permanent cell lines obtained therefrom. 
The lines differ in several respects, in- 
cluding morphology, modal chromosome 
number, glucose requirement and, in par- 
ticular, stability of the immortal 
phenotype. 

One of the lines (called MRC-SV1) is 
unusually unstable in that the growth of 
some sub-lines slows over a period of many 
population doublings, the cultures dying 
out in a manner closely resembling the 
behaviour of normal cells. By recovering 
cells frozen in liquid nitrogen, the line was 
| kept growing through 750 population 
_doublings, raising the question whether the 


small sub-population of cells which may on 
occasion have been lost. Regrettably, 
Huschtscha and Holliday were unable to 
test this hypothesis directly by growing in- 


| dependent studies with HeLa and other cell 


‘immortal phenotype is carried only by a 


dividual clones of MRC-5V1 cells, but in- | 


lines show that immortal cell populations, | 

- even after many generations of selection in | 

- vitro, may contain a sizeable fraction (up to 
40 per cent) of cells whose potential for | 

| division is limited®!'. If a similar, or even |. 

more extreme, situation should pertain in 
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_ vivo, which seems quite plausible because 


selection for immortality per se will not 
begin until normal clonal lifespan is ex- 
hausted, it could explain why it is not 
always easy to establish permanent cell 


| lines from tumour biopsies and why tumor- 


igenesis itself sometimes seems. a hit-or- 
miss phenomenon. _ | 

So what of the mechanism limiting nor- 
mal cell division? If it contributes to the 
ageing of the organism as a whole, it must 


- be understood in an evolutionary context 


as much asin any other*, The popular view 
of ageing as an adaptive mechanism to pre- 
vent overcrowding and promote species’ 
adaptability, which lends direct support to 
the hypothesis of programmed cell death, 
is regarded by most evolutionary biologists 
as untenable!>. On the other hand, there is 
quite good support for the view that ageing 
is the consequence of the energy-saving 
strategy of not repairing cellular damage 
too well* 3, This ‘disposable soma’ hypo- 
thesis suggests that somatic cells are 
switched to a repair level which is optimally 
efficient from the organism’s point of view 
even if less than optimal for the cell. If this 
is the case, transformation of a cell to im- 
mortality can be understood as a product 
of clonal selection acting on rare mutations 
or epigenetic changes which enhance the 
capacity of a cell to cope with damage, 
either by repairing it more effectively or by 
diluting it with more rapid ceil division. It is 
possible that such a change might be 
‘recessive’ and, therefore, consistent with 
the data of Pereira-Smith and Smith’. 

The advances made in recent months in 
understanding cell immortalization suggest 
that a new path to unravelling the 
mechanisms of carcinogenesis and cell age- 
ing may have been opened up. In working 
our way down this path, it will be helpful to 
keep the competing hypotheses of both 
these fields firmly in mind. Looking back 
nearly a hundred years, it is amusing to 
note the sharp prejudice of Vines'*, who 
wrote of Weismann’s theory of cell ageing 
that it is ‘‘absurd to say that an immortal 
substance can be converted into a mortal 
substance’’. Poor Professor Vines has been 
proved wrong. The conversion appears to 
work both ways, and with any luck we may 
soon know why. c] 





T.B.L. Kirkwood is at the National Institute for 
Medical Research, Mill Hill, London NW7 14.4. 
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„aser chemistry 






Chaos in multiple photon 
` excitation of molecules 


from Peter Knight 


THE discovery in the early 1970s by Isenor 
and Richardson (Appl. Phys. Lett. 18, 224: 
1971) and others that some polyatomic 
molecules could be dissociated easily by 
multiple infrared photon absorption 
seemed to offer the exciting prospect of 
using cheap infrared gas laser photons to 
catalyse or steer unimolecular chemical 
‘reactions. But by the early 1980s it was clear 
that most polyatomic molecules seemed 
not to be coherently excited by infrared 
lasers, Instead all that mattered, it seemed, 
was how much energy the pulsed laser 
could dump into the molecule, which 
rapidly thermalized the excitation. Such 


absorption is fluence dependent instead of 


intensity dependent. An industry has 
grown up among photochemists in which 


this thermalization is discussed in terms of 


statistical kinetic theory. In this theory, 
molecular excitation takes place in a ladder 
of energy levels of a fundamental 
anharmonic pump mode embedded in a 
much larger number of background ‘quasi- 
continuum’ modes (Fig. 1). Intramolecular 
coupling acts to redistribute, or thermalize, 
the laser energy into these modes. Now 
Ackerhalt, Galbraith and Milonni (Phys. 
Rev. Lett. 51, 1259; 1983) have invoked the 
fashionable concept of chaos to suggest an 
entirely new reason for the fluence 
dependence and apparent statistical 
behaviour of most polyatomic molecules 
excited by infrared laser. 

Using realistic models of multiple 
photon excitation, Ackerhalt et al. have 
demonstrated that linear absorption with 
‘noise’ superimposed can result from the 
intensely nonlinear excitation of a poly- 
atomic molecule. They do not need to 
invoke statistical or thermal redistribution 
mechanisms. Their analysis seems general 
and provides not only an explanation for 
their specific problem in laser chemistry 
but also a concrete example of the occur- 
rence of chaos in a microscopic system. 

The model employed by Ackerhalt, 
Galbraith and Milonni retains the descrip- 
tion of the infrared vibrational mode as an 
anharmonic excitation pumped by the laser 
field. The anharmonic mode is coupled toa 
set of many background modes. These are 
traditionally treated as dense enough to 
form an irreversible sink into which 
excitation leaks. Ackerhalt ef al. instead 
treat them as uniformly distributed 
harmonic modes rather as in the theory of 
radiationless transitions. The anharmonic 
“mode coupling to the background is then 
- reversible. Energy is transferred into the 


. various background states so the molecular 
© excitation dephases but eventually | 
Tephases and couples back to the pump | | 
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Fig. 1 Pump mode levels and background 

quasicontinuum of polyatomic molecule 

(from Black et al. Phys. Rev. Lett. 38, 

L131; 1977), 
mode. In this way the level of excitation in 
the molecule is periodically kicked. As a 
result, the evolution of the molecular 
excitation rapidly becomes chaotic. 

Figure 2 shows the number of photons 
absorbed in their model as a function of 
time. The boxes show the steady-state 
absorption in each interval between kicks. 
The dotted curve is the dynamics predicted 
from the full analysis including the kicks. 
The molecular and laser parameters were 
chosen to be typical of a real molecule. The 
pumped mode may reach steady state in 
each interval between kicks and stop 


200+ 
~~ 
$ 
9 
É 
3 
krei 
S 100 
7” 
A WFE 
E wer 
a 


Ti 
i 





+ 
eo gn «tne 


0 40 


+ 


Time 


Fig. 2 Total photons absorbed by polyatomic molecule in new chaotic model. Boxes indicate ; ; 
Steady states between rephasing kicks (Galbraith etal. J. chem. Phys. 19, 5345; 1983). 
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absorbing, but the background mod 
tinue to take up laser energy usi 
pumped mode as an intermediary 
result is linear absorption with 
superimposed. The chaos appear 
average over the induced coherences 
produce the linear rate observed. That the © 
evolution is truly chaotic (in the sense of 
exponential sensitivity to initial conditions 
was checked by calculating the Four 
transform spectrum and the maxin 
Lyapunov exponent. Chaotic motion leads 
to a broad-band spectrum whereas periodic _ 
motion has a discrete spectrum, ere 
The model has been elaborated toinvest- 
igate whether the chaotic evolution is 
generic rather than specific to the non- 
rotating anharmonic model. Intramolecu- _ 
lar relaxation in the background modes _ 
and the removal of the assumption of 
equally spaced background modes. still 
allows chaotic evolution over a wide range 
of driving parameters. Recent. work by 
Galbraith, Ackerhalt and Milonni (fo 
chem. Phys. 19, 5345; 1983) hasconsidered _ 
a model with no background modes at all _ 
but with a vibration-rotation coupling T 
which generates nonlinear equations of 
motion. Again chaos is observed, | 
Many recent observations of chaos occur a 
in artificial feedback-driven models or- 
models driven outside of their region of © 
validity. Ackerhalt, Galbraith and Milonni 
believe multiple photon absorption leads to 
chaotic excitation of polyatomic molecules 
as a generic feature for realistic values of 
molecular parameters. The Signature of 
chaos, they claim, is a fundamental aspect: i 
of the physical process. It is ironic that 
coherent multiple photon absorption, 
important only for intense laser fields, 
could be prevented by chaotic dynamics 
created by strongly driven anharmonicities 
induced by that same field. a 


Maaningan 
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Vision 


NEWS ANDVIEWS 


Visual hyperacuity 


from Oliver Braddick 


A RECENT symposium* at Cambridge set 
out to review advances in our understand- 
ing of ‘visual hyperacuities’ — spatial 
judgements which imply a positional 
accuracy in vision a good deal finer than 
the spacing of the mosaic of photo- 
receptors in the retina. 

The term ‘hyperacuity’ was originally 
coined by G. Westheimer (University of 
California, Berkeley), who described at the 
symposium the wide variety of visual tasks 
that demonstrate the use of fine positional 
information, It is now generally under- 
stood that there is no paradox about 
positional judgements that are finer than 
the receptor mosaic: the patterns are 
imaged over many receptors and, by virtue 
of neural interactions, their effects spread 
to many parallel channels in the visual 
system. Thus there are many opportunities 
for integration of the available infor- 
mation, but the question remains: what 
aspects of this complex pattern of infor- 
mation are available to, and used by, the 
decision processes that underly our visual 
judgements? 

The judgement of equal spacing in a set 
of parallel lines has been the focus of 
several recent studies, partly because the 
pattern can be analysed in terms of its 
effect on spatial frequency bandpass 
mechanisms, which are believed to play an 
important part in early visual processing. 
S, Klein (University of Houston) outlined 
how deviations from equal spacing 
produce characteristic patterns in an array 
of mechanisms, each responding to a 
limited region of space and spatial 


iOa 
“The symposium on ‘Biological and engineering aspects of 
visual hyperacuity and depth perception. sponsored by the 
Rank Prize Funds’ Cptociectronics Committee, was held on 
-fi January 1984, 


frequency — dubbed ‘viewprints’ by 


analogy with acoustic ‘voiceprints’ used to 
represent variations in time and sound fre- 
quency. B. Madden (University of 
Rochester) developed a theory of this kind 
in more detail: his four-line display has a 
spatial frequency spectrum with certain 
zeroes, and a channel tuned to one of these 
will detect contrast when a threshold dev- 
jation from equal spacing is introduced. 
The thresholds found are consistent with 
those for contrast detection at the spatial 
frequency concerned and, as the theory 
would predict, superimposing a contrast 
grating of that frequency distorts the 
hyperacuity judgement. An implication of 
this approach is that hyperacuity judge- 
ments do not necessarily require the 
decision processes to have available explicit 
positional information. 

If, however, fine positional information 
is explicitly represented in the nervous 
system, what is the nature of the repres- 
entation? Barlow has suggested that the 
image sampled by the photoreceptors 
might be recreated by a literal inter- 
polation, perhaps performed by the cells 
receiving visual input in layer [Vc of the 
striate cortex. Indeed, individual cells do 
provide a statistically reliable signal for 
pattern differences in the hyperacuity 
range, but the form of their receptive fields 
does not seem particularly well adapted for 
providing an interpolated fine-grain spatial 
representation (A. Parker and M. 
Hawken, University of Oxford). 

Some form of interpolation is also 
suggested by demonstrations that hyper- 
acuity judgements are possible even for 
images that are presented as a set of clearly 
resolvable samples. M.J. Morgan 
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100 years ago 


General view of the Pic du Midi Observatory. From Nature 29, 432, 6 March 1884. 





NATURE VOL.308 15 MARCH 1964 


(University College, London) pointed out 
that no explicit interpolation is necessary if 
the image is separately processed by low- 
spatial-frequency channels that are insen- 
sitive to the sampling frequency, and high- 
frequericy channels that signal the discrete- 
ness of the samples. Why, then, should the 
‘interpolation’ of a sampled image ever 
fail? Morgan’s experiments show that high 
spatial frequencies introduced by sampling 
can interfere with the low frequencies 
required to make the vernier judgement, in 
a way that makes it difficult to maintain 
that human observers can separately 
inspect their different spatial frequency 
channels. These effects seem analogous to 
the well known difficulty of recognizing 
block quantized images (the ‘Abraham 
Lincoln’ effect). Morgan and R.J. Watt 
propose that hyperacuity judgements (and 
pattern perception more generally) are 
based on ‘primitives’ derived from a non- 
linear but analogue combination of 


channel outputs. 
The detection of visual displacement 


and of stereoscopic disparity also shows 
hyperacute sensitivity to position. It seems 
unlikely, however, that the detailed 
mechanisms suggested for pattern hyper- 
acuities can be extended to motion and 
stereo, Thus stereo performance seems to 
depend on integrating information along 
the length of the disparate contours (5. 
McKee and C.W. Tyler, Smith Kettlewell 
Institute, San Francisco), which is rela- 
tively unimportant in vernier acuity. P. 
Heard and R.L. Gregory (University of 
Bristol) generated apparent displacements 
of contours by manipulations of their 
luminance profiles and. found that the 
apparent extent of movement followed 
quite a distinct function from the contour 
location determined in vernier and stereo 
tasks. 

The visual system, then, appears to have 
a limiting sensitivity to position or config- 
uration of a few seconds of arc, but the 
mchanisms which use this precision in the 
visual information are quite different in 
detail for different tasks. Ultimately, one 
of the factors determining this precision 
must be the accuracy with which the 
system knows the location of the 
photo-receptors. J. Yellot (University of 


| California, Irvine) showed that the photo- 


receptor mosaic in the central fovea has a 
striking regularity. The potential penalty 
for this regularity is aliasing effects, but the 
high spatial frequencies which would 
produce them are normally removed by the 
optical limitations of the eye. In more peri- 
pheral regions of the retina, the mosaic is 
coarse enough that aliasing could produce 
visible degradation, were it not that the 
photoreceptor array has just enough 
irregularity to avoid it. Differences 
between peripheral and foveal vision were 
also considered (M. Fahle, University of 
Tubingen, and C. Stephenson, University 
of Cambridge): structural differences 
between these areas may well provide 
important clues to the mechanisms under- 





























NATURE VOL. 308 15 MARCH 1984 


lying hyperacuity and other visual 
performances. 

At the meeting, it became clear that 
modern display technology, particularly in 
the instrumentation and simulation of 
advanced aircraft, is aiming at remarkably 
high standards of realism. P. Waddell 
(University of Strathclyde) described the 
long history of attempts to make three- 
dimensional television and radar. The 
attempts have often started from an 
assumption that binocular disparity is a 
necessary cue for realistic depth, but as 
demonstrated by K. Boff (US Air Force 
Aerospace Medical Research Laboratory, 
Ohio) and M. Roberts (Rediffusion 
Simulation Ltd), there is an abundance of 
cues to depth perception, particularly when 
movement is involved. I. Shanks (Unilever 
Research) suggested that part of the 
solution to producing greater depth 
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How to spot a fake azilian pebble 


from Paul G. Bahn 


A COMPLETE analytical study of every 
available azilian pebble from collections in 
Western Europe has helped clear up the 
long dispute about the authenticity and 
significance of these flat decorated pebbles 
found in the Azilian facies of the Final 
Palaeolithic. His study leaves Claude 
Couraud, a researcher at the Musée des 
Antiquités Nationales in Paris, inno doubt 
that museum collections contain a number 
of fake pebbles and that the decorations, 
painted in red ochre, are not just random! . 

The Azilian facies was first discovered by 
Piette in the Pyrenees in the 1880s. It was 
thought to be characterized by small flat 
perforated harpoons and by small flat 
pebbles decorated with designs in red 
ochre. Although a few decorated pebbles 
had been found earlier in other sites, it was 
the hundreds encountered by Piette in the 
cave of Mas d’Azil (Ariége, France) which 
served to identify the ‘culture’ and which 
started a long dispute as to their authen- 
ticity", 

Decorated pebbles have been found in 28 
sites in France, 5 in Spain, 3 in Italy and | in 
Switzerland. However, of the almost 2,000 
known over 1,400 are from the Mas 
d’Azil*. The exact total from this site can 
never be known because there have been 
losses; the finds are scattered in at least 16 
museums and private collections; and there 
are many fakes. 

Although most of the pebbles found in 
Piette’s excavations are undoubtedly 
genuine, his workers inevitably sometimes 
took advantage of the system whereby they 
were paid for their finds. It was some years 
later that a real trade in fake pebbles was 
established? and, surprisingly, one of its 


principal victims was the abbé Henri | 


Breuil, doyen of French prehistorians: he 
_ bought quite a number of pebbles, and 





NEWS AND VIEWS- 


realism might lie in the removal of surface 
cues that interfere with perceived depth, 
and an optical system was demonstrated 
that enhanced depth in a television display 
by this method, 

Psychophysical investigations can help 
the display designer by measuring the sensi- 
tivity of vision to changes in image quality 
(G. Burton, Royal Armament Research 
and Development Establishment, 
Sevenoaks). The hyperacuities provide a 
challenge to the engineer in the stringent 
demands they place on display quality, but 


- also an opportunity in the precision of the 


information they can potentially convey to 
the viewer. We may hope that advances in 
our knowledge of vision will make these 
opportunities possible to grasp. a 
PAR O A a S 2 AA E 


Oliver Braddick is in the Department of Experi- 
mental Psychology, University of Cambridge, 
Cambridge CB2 3EB. 


Fake azilian pebbles (50 per cent actual 
size) from the Mas d’Azil, Ariège, France. 
Bégouén collection. Photograph by R. 
Bégouën, 


even published some which are now known 
to be forgeries®. In his old age, there was a 
final unfortunate episode when he 
published an ‘azilian pebble’, found on a 
Mediterranean beach’, which was, in fact, 
a sea-worn fragment of modern mosaic. 
Genuine azilian pebbles seem to have 
been carefully selected for shape and size: 
most are oval or oblong, up to 8 cm long, 
up to 3 cm wide and up to 1 cm thick: schist 
is the most common material. Scholarly 
suggestions of their function have ranged 
from ‘art for art’s sake’? to totemic 
‘churingas’* or markers for a game’. Piette 
himself imagined that the marks were 


















numbers, symbols, pictographs and even 
an alphabet, so that the Mas d’Azil cave 
represented a huge school’, = 

One of Couraud’s most importan 
conclusions is that particular combinatior 
of signs recur frequently, and that certai 
numbers of dots are constantly repeated 
For example, there are 16 simple sign-type 
(mostly dots and transverse or longitudina 
lines), but only 41 of the many possibl 
binary combinations have ever been found. 
Some signs are found in binary assoc- 
lations, while others are mutually 
exclusive. Such non-random decoration. _ 
suggests that some sort of ‘syntax’ is at. | 
work. As for repeated numbers, there isa are 
predominance of 21 and 29 or their 
multiples; and, in the wake of Marshack!! 
and Thévenin'?, Couraud has speculated _ 
that some form of cyclic notation is _ 
involved, perhaps lunar in nature”. oe 

In addition, Couraud establishes criteria 
that distinguish authentic pebbles from 
fakes: where there is calcite on the paint, 
the authenticity is not in doubt. Fakes 
display unnatural shades of red, ‘newness’ 
of paint and/or pebble, traces of recent 
embellishment (such as crayon marks), 
paint inside fractures and clumsy or other- 
wise aberrant painting. By these criteria he 
has been able to expose a number of fakes 
in many collections (see plate), including 
that of the Musée des Antiquités 
Nationales. 

Most recently, Couraud has examined 
the 13 pebbles at the British Museum (10 of 
which were bought from Breuil in 1929) 
and 12 at the Cambridge University 
Museum of Archaeology and Ethnology. 
According to his criteria, 3 of the 
Cambridge pebbles are fakes; and there are 
10 fakes at the British Museum, including 9 
of the Breuil collection'*. It is unfortunate 
that a postcard on sale at the British 
Museum features 7 azilian pebbles, 5 of 
which are fake according to Couraud’s 
analysis. 

It has not yet been possible to study 
azilian pebbles that have found their way 
into museums and collections outside ER 
Western Europe, although it is known; for 


| example, that there are some in the USA. 


Any information concerning their number | : aS 
and whereabouts would be most wel- — 
come, =o 
fiche EP a Te 
Paul G. Bahn can be contacted through the 
School of Archaeology and Oriental Studies, 
University of Liverpool, Liverpool L69 3BX. 
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Semen and AIDS 


Sik — Since the demonstration that sperm 
can be immunosuppressive', and the 
postulation that exposure to semen by 
rectal intercourse could be a factor in the 
aetiology of acquired immune deficiency 
syndrome (AIDS)'~?, some discussion and 
confusion have resulted concerning the 
exposure of men and women to sement, 
Specifically, the issue deals with why 
homosexual men who are exposed to semen 
by anal intercourse would be immuno- 
suppressed, and thereby more susceptible 
to infections, whereas women who are also 
exposed to semen during vaginal inter- 
course would not appear to be immune- 
compromised. This apparent contra- 
diction can be accounted for if one 
compares the tissue structure of the vagina 
and the rectum®. The vagina (Fig.1) is 
lined by thick stratified squamous epi- 
thelium. This multilayered epithelial lining. 
makes ulceration and penetration of semen 
into the underlying vascular lamina propria 
unlikely during normal sexual intercourse. 
in contrast, the rectum (Fig. 2) is lined by 
simple columnar epithelium. A single layer 
of cells (which can be easily ulcerated 





Fig. 1 Section of vaginal mucosa; 


during anal intercourse) separates the 
semen from blood vessels and lymphatics 
of the rectal lamina propria. Thus, the 
rectum is more susceptible than the vagina 
to mucosal ulceration, and exposure of the 
vascular system and draining lymphatics to 
semen is more likely to occur. 

Although some women engage in anal 
intercourse, it would be exceptional for 
women to practise anal intercourse as 
frequently as promiscuous homosexual 


~ men who get AIDS. Since a number of 


women have contracted AIDS’, an 
important aetiological factor could be 
whether some of these patients have 
practised anal intercourse, particularly 
‘with bisexual men. In this context, it is also 
possible that the semen of some men who 
engage in homosexual practices may have 
greater immunosuppressive potential than 
semen of heterosexual men, possibly due to 
autoimmune-induced changes in cellular 
and/or soluble components of semen. If 
this is true, women who engage in anal 
intercourse with bisexual men may be more 
likely to be immunosuppressed than those 
who have anal sex with heterosexual men. 
It should be noted in this context that a 
recent study has demonstrated that a 














Fig. 2 Section of rectal mucosa. 


woman who routinely engages in anal inter- 
course exhibited immune abnormalities®. 
Although the differences in the epithelium 
of the rectum and vagina can account for 
differences in susceptibility to semen- 
induced immunosuppression, the possi- 
bility is not excluded that females may be 
naturally more resistant to such suppres- 
sion than males. G. M. SHEARER 
A. S. RABSON 

Division of Cancer Biology 

and Diagnosis, 
National Cancer Institute, 
Bethesda, Maryland 20205, USA 
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Evolutionary unease 


Sir — Evolution biology has the curious 
distinction that although it has an extensive 
literature of cogent observation and 
relevant theory, and in this sense is among 
the best established branches of science, it 
periodically suffers attacks, as it recently 
has in the popular news media, from critics 
to whom the subject appears to have some 
emotional or supposedly religious signi- 
ficance.Such critics often address 
themselves to what they call ‘Darwinism’? 
although internal evidence makes it 
doubtful whether they have in fact read 
Charles Darwin’s Origin of Species, let 
alone the modern superstructure of 
genetics and molecular biology that has 
been built on the foundation he laid. 
Indeed some fundamentalists seem not to 
discuss the distinction between the “Ph 
creation story beginning in Genesis 1.1, 
and the ‘‘J’’ account in Genesis 2.4. 
More professional criticism has come 
from Sir Fred Hoyle and N.C. 
Wickramasinghe (Evolution from Space, 
Dent, London, 1981) who show that the 











| probability of a viable organism arising by 


chance is hopelessly low if the known and 


| powerful effect of multistage selection is 


omitted from the statistical calculation. 
This is of course entirely as expected, and 
no evidence against received evolutionary 
theory. Other critics have interpreted the 
rarity of intermediate types in the 
incomplete geological record without due 
regard to modern mathematical cata- 
strophe theory. 

While there is thus little to suggest that 
any major revision is needed to current 
theories, a degree of unease remains. This 
gives rise to various ad hoc suggestions, of 
which one of the latest is ‘‘molecular 
drive”. Suggestions of this nature seem un- 
necessary if full account is taken of the 
cybernetics of evolution. Darwin’s 
recognition that hereditable characteristics 
favouring survival will be more likely to 
survive is effectively tautological, and as 
such is unassailable. Since offspring both 
resemble and differ from their parents, it 
follows logically that evolution must 
proceed at least by natural selection, and 
modern genetic theory and molecular 
biology have elucidated in some detail how 
this happens. This does not exclude the 
possibility of additional mechanisms, 
but such should be invoked only if their 
necessity were demonstrated. 

In assessing whether the power of 
natural selection is alone sufficient, it is 
necessary to take account of the cyber- 
netics of multiple feedback loops. There 
will be selection not only of organisms by 
and for survival, but also selection of the 
way in which genetic material is held. 
Groups of organisms will be favoured 
which code their genetic information so 
that mutations are more likely to result in 
viable individuals, some of which may have 
enhanced prospects for survival. Put 
simply, there is selection for selectability, 
giving rise to a double feedback-loop 
cybernetic system with enhanced power to 
stabilize the path of evolution along 
favourable lines. This capability may be 
further increased by additional orders of 
selection for selectability, continuing by 
mathematic induction to any depth 
without limit. 

The physical mechanisms and quanti- 
tative effectiveness of this higher-order 
selection remain to be elucidated, but in 
computer applications it is known that 
controlled redundancy, distributed 
commands and related techniques may be 
employed so to structure a program that 
local changes tend to produce a new 
program that runs rather than one that just 
crashes. There are suggestive resemblances 


| between these techniques and what is 


known of the distributed, redundant, 
molecular nature of the structures now 
identified with functional genes. 

| PETER FELLGETT 
Department of Cybernetics, 
The University of Reading, 
Reading RG6 ZAL, UK 
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_ Phosphorus, phosphorites and skeletal evolution | 
the Precambrian—Cambrian boundary 


Peter J. Cook & John H. Shergold 


Division of Continental Geology, Bureau of Mineral Resources, PO Box 378, Canberra, ACT 2601, Australia 








Clustering of sedimentary phosphate deposits around the Precambrian—Cambrian boundary is related to a global 
Phosphogenic event. This event probably resulted from a complex interplay of factors and had a profound effect on the _ 





biota, with high concentrations of phosphorus in the photic zone producing an increase in the total shallow marine biomass, 
faunal diversification, the precipitation of skeletal structures and explosive evolution. 


emery ryt eat 


THE change from soft bodied to shelly faunas which took place 
at the Precambrian—Cambrian ( Vendian-Tommotian) boundary 
is one of the most dramatic, important, and least understood 
events in the geological record. The reason for this event, often 
referred to as the Cambrian explosion or Cambrian radiation 
event’, has been the sub ject of much speculation. Possible expla- 
nations for it include the attainment of a critical atmospheric 
oxygen level* or a decrease in the concentration of atmospheric 
carbon dioxide’, the availability of new shallow-water ecological 
niches as a result of a worldwide marine transgression** and an 
enhanced availability of food (especially phytoplankton) related 
to a major event of oceanic upwelling®”. These various sugges- 
tions are by no means mutually exclusive. Here we will attempt 
to relate these evolutionary changes to the distribution of phos- 
phorites around the Precambrian—Cambrian boundary and to 
the global events which may have been responsible for that 
distribution. 


Phosphorites 


_Phosphorites, phosphatic sedimentary rocks, composed of 
abundant collophane (usually cryptocrystalline carbonate- 
fluorapatite) form major phosphate deposits in many parts of 
the world and occur throughout the geological column, though 
especially within the Phanerozoic. In the 150 yr since their 
discovery, various mechanisms have been proposed to account 
for the formation of phosphorites*!°. The best known 
hypothesis is undoubtedly the so-called ‘upwelling hypothesis’ 
first proposed by Kazakov'', who suggested that phosphorites 
formed as a result of the upwelling of deep cold low pH oceanic 
waters onto the shelf, and that this led to the essentially inorganic 
precipitation of phosphate (as apatite) from the water column. 
This deceptively simple theory appeared to explain many of the 
observed features of phosphorites such as those in the Phos- 
phoria Formation'*. However, in recent years it has become 
increasingly apparent that the original upwelling hypothesis does 
not in fact offer an adequate explanation. For example, many 
deposits can be quite clearly demonstrated to have formed (or 
accumulated) under very shallow marine conditions and there 
_ is abundant evidence of the importance of diagenetic phos- 
~.. phatization. Also, ma jor geochemical problems are encountered 


.. in precipitating phosphate from seawater. As a consequence of 


~ these problems it has become recognized that phosphogenesis 
' i$ a complex multistage process. For example, grainstone phos- 
phorites—the most common type of deposit— probably form 
as a result of a series of biochemical and sedimentary processes 
involving: (1) influx of nutrient-rich waters into or adjacent to 


_ a very shallow marine region; (2) development of a prolific 
< biota; (3) formation of anoxic organic-rich bottom sediments; _ 






` tectonics and continental drift. Oceanic anoxic events (OAEs)!? 


phosphorites and organic-rich sediments may be associated. 


(4) leaching of phosphorus from organic-rich sediments leading 
to some localized precipitation of phosphate or more commonly 
phosphatization of the associated sediments: (5) reworking of 
the sediments to produce concentrations of phosphate grains; 
(6) shoreward transport and entrapment of phosphate grainsin 
shallow nearshore zones to form high grade phosphate deposits. 

This genetic scheme represents a marked departure in detail 
from the original upwelling hypothesis of Kazakov but it should: 
be noted that an important element may persist in the initial 
step to produce a high organic productivity system. Areas of 
abnormally high organic productivity can develop as a con- 
sequence of enhanced nutrient input from rivers or fumaroles 
for example, but there is no doubt that in the present day oceans 
there is an overwhelming preference for elevated phosphorus. 
levels in the ocean to be associated with areas of upwelling. The _ 
palaeontology, geochemistry and palaeogeography of many 
ancient phosphorites, together with the formation of modern 
phosphorites in offshore Chile-Peru and Namibia, are consistent 
with a link between many (though not all) phosphorites and 
oceanic upwelling. It is reasonable to assume that this link is 
provided by the elevated phosphorus content of the waters and 
the consequent development of high organic productivity. 
However, contrary to earlier hypotheses directly linking upwel- 
ling to the formation of phosphorites, phosphate deposits may 
have accumulated far from the actual site of upwelling. Many 
of the major deposits accumulated within very shallow epicon- 
tinental seas with water depths of generally no more than tens 
of metres, sites where oceanic upwelling could not have 
occurred. : 

Detailed consideration of the palaeolatitudes of phosphorites 
led Cook and McElhinny'* to develop models for phospho-. 
genesis related to low latitude locations, rifting and particular: 
phases of seafloor spreading. The latitudinal model resulte 
from the development of a narrow east-west oriented ne; 
equatorial seaway (such as the Tethys, which resulted in th 
major Cretaceous~Eocene phosphate deposits of North Africa) 
The longitudinal model was the consequence of the formatio 
of a broad north-south seaway (such as the Palaeo-Pacific, which 
resulted in for instance, the Permian Phosphoria deposits). These 
two basic models, together with a third involving the develop- » 
ment of monsoonal upwelling, are used by Zeigler and co 
workers!*15 













way with elevated sea level and climate, and in turn with plate 


do not coincide with global phosphogenesis!®, though locally. 
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7 Ps 
@ Deposits estimated to contain more than 100 million tonnes of phosphate rock 


© Deposits estimated to contain between 1 million and 100 million tonnes of phosphate rock 


e 8 Minor occurrences, including deposits for which resources estimates are not known 
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Fig i “Spatial and temporal distribution of Proterozoic and Cambrian phosphorites. The pooidisoitostent E on the left is adapted directly 
~. from Harland et al", as are the chronostratigraphic boundaries. The distribution and time range of the glacial and tillitic deposits indicated 
jg based largely on various authors in Hambrey and Harland™ with the exception of column 10 where Compston and Zhan ag” are followed. 
Authorities consulted for the stratigraphic positioning of the phosphorites are for columns 1-14: (1) Cathcart”, Borrello” ; (2) Trompette 
-et-al*, Affaton?’; (3) Viland®’, Bertrand-Sarfati™*; (4) Poulsen”, Bassot*®, Sougy*’**; (5) Rozanov*, Eganov™, “Missarzhevsky and 

7 Mambetov®!;, (6). Kazarinov and Krasilnikova®? (7) Bjamba“*, Ilyin**, Ilyin and Bjamba?; (8) Bhatti ef al” T ; Hasan et al“, Shah”; Q 

acca et ay (10), anı Lu Yanhao* 2, Wang Yangeng”’, Luo Huilin et al.**; (12), (13), Lu u Yanheo™, Chang sol ; (14) Callen“ 
” Fleming”? , Knight”. 
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There is clear evidence that certain periods of Earth history 


E “have been particularly favourable for the formation of phos- 


- phorites, notably Miocene-Pliocene, late Cretaceous~Eocene, 
_. Jurassic, Permian, middle Ordovician and late Proterozoic- 


4 Cambrian times. There are a number of older Proterozoic epi- 


sodes, but they are less important and the deposits formed are 
much smaller. The late Proterozoic-Cambrian phosphogenic 
period appears to be the first major episode, with phosphorite 
deposits and occurrences in many parts of the world (Fig. 1), 
though particularly in the central and South-East Asian region 
and Australia’. Major deposits containing many billions of 
tonnes of phosphate rock occur in the Georgina Basin of north- 
ern Australia’’, the Lao Cai area of Vietnam*', southern and 
central China*’, the Karatau area of Kazakhstan2?, and the 
Khubsugul Basin of Mongolia***°. Lesser known deposits also 
occur in the Hazara region of north-west Pakistan?° and Sol- 
tanai, Iran. In Africa, there are at least two late Proterozoic- 
Cambrian phosphogenic regions, one extending through neigh- 
bouring parts of Ghana, Nigeria, Niger, Upper Volta, Dahomey 
and Mauritania and the second, lesser known, in Somalia27-29. 
In South America, deposits also occur in the Bambui Group of 
Brazil”. This interval of time is also notable not only for major 
deposits but also for abundant phosphorite occurrences and 
phosphatic sediments. These are particularly widespread in the 
Cambrian sedimentary sequences of the Baltic and Avalon 
Platforms of Europe and maritime eastern North America, the 
Altai-Sayan folded region of southern USSR, the Siberian Plat- 
form, and in southern and central Australia!”. To date, Antarc- 
tica is the only continent in which there are no known latest 
Proterozoic or Cambrian phosphatic sediments. In all, more 
than 100 important phosphorite deposits and occurrences have 
been documented and phosphate resources of this age are prob- 
ably second only to those in the late Cretaceous and Eocene in 
terms of future economic importance. This great economic 
significance is all the more remarkable when it is remembered 
that probably little of the original quantity of upper Proterozoic 
and Palaeozoic sediments has been preserved (J. Veizer, per- 
sonal communication suggests approximately 30% remains). 
While the age of many late Proterozoic-Cambrian deposits 
and occurrences cannot be given with great precision, if all 
available biochronostratigraphic data are assembled for major 
deposits (Fig. 1), it is apparent that the great majority are of 
early Cambrian age. Even major deposits, such as those of the 
Khubsugul Basin of Mongolia, the Guiyang deposits of China 
or some of the deposits of West Africa, which are generally 
regarded as late Proterozoic (because of the absence of 
macrofossils), cannot be accorded a Precambrian age with any 
certainty. All these inferred Precambrian deposits are located 
above latest Precambrian tillites (which suggests an age of less 
than about 650 Myr)” and below sediments containing the 
earliest Cambrian shelly fossils. Consequently, some of these 
late Proterozoic deposits could in fact be located at, or even 
immediately above, the Precambrian—-Cambrian boundary. This 
Suggests a single widespread very late Proterozoic to early 
Cambrian phosphogenic episode commencing no earlier than 
the Riphean-Vendian boundary and probably much closer 
to the base of the Cambrian, reaching a peak during the 
early Cambrian (between about 590-550 Myr), then rapidly 
decreasing during the earliest part of the middle Cambrian 
before finally terminating during the late middle Cambrian at 
about 540 Myr. Alternatively, two distinct phosphogenic epi- 
sodes may have occurred—one in the very late Proterozoic and 
the second, and most important, in the early Cambrian. For 
example, the major deposits of China occur in the late Pro- 


©, terozoic Doushantuo Formation of Guizhou Province and the 
2" early Cambrian Meishucun Formation of Yunnan Province, 


suggesting a hiatus. But in fact the widespread dolomitic Denying 
Formation, which occurs between these two phosphatic inter- 
vals, whilst containing no major phosphorite deposits, is found 
_. to be phosphatic, so that phosphogenesis may have been con- 
tinuous from the very latest Proterozoic into the early Cam- 


Be brian***?, Therefore the first option of a single phosphogenic 















episode spanning the Precambrian—Cambrian boundary 
favoured because of the lack of any real evidence of a ph 
phogenic hiatus at this time, though there may be smalle 
sub-episodes within this major one. od 
Although it is possible to demonstrate that Cambrian phos 
phate deposits do in general have low palacolatitudes'>, present | 
palaeomagnetic data for latest Proterozoic and Cambrian time 
are inadequate for anything more than the most generalized 


global reconstructions. Nevertheless, present evidence suggests. 
that all the major deposits formed in shallow epicontiner 
lobes off a major seaway at low palacolatitudes. Additio ial 
all the major deposits occur in a strikingly similar sedimentary a 
sequence. This is not to suggest that all the deposits are syn- 
chronous, but rather that the same basic sedimentological and _ 
geochemical processes have been operative for all the deposits. 
As mentioned earlier, many of the processes leading to the _ 
formation of phosphate deposits are local in nature, for example 
the right configuration of coastline to produce a phosphate ‘trap: 
Nevertheless, the occurrence of a large number of deposits all — 
of about the same age, in many parts of the world (Fig. 1), 0° 
Suggests a basic underlying cause. The fortuitous location of 
many of the shelf seas at low latitude locations could be one 
such cause, sea-level changes a second, whilst changes in the 
composition of the world ocean could be a third. Although. 
‘phosphate giants’ may not correlate with OAEs’° in fact, during 
the Mesozoic and Cenozoic, the only time for which there are. 
adequate data, the major phosphogenic events in the Miocene- 
Pliocene, late Cretaceous-Eocene and middle-late J urassic are. 
each preceded by OAEs in the middle Miocene, the early 
middle Cretaceous and the early-middle Jurassic respectively. 
The present data on OAEs for the late Proterozoic and early 
Palaeozoic are inadequate to allow us confidently to make the 
same correlations. 


Geochemical evidence 


There are however some lines of evidence, notably stable 
isotopic data, which suggest that the same relationship (of an 
OAE preceding phosphogenesis) may have applied. 6°48 values _ 
for late Proterozoic and early Palaeozoic evaporites indicate 
major changes in the isotopic signature at this time®?>4. The 
so-called Yudomski event which occurs just below the Precam- 
brian-Cambrian boundary”? is particularly marked though the 
timing of it is still somewhat imprecise. This event involves a 
change in the sulphur isotope ratio of evaporitic sulphate from 
about +16% to +31%, a "4S change of 15%. Although there 
are other possible scenarios, the one favoured here is similar to 
that proposed by Holser™*, with this major isotopic excursion 
resulting from ‘catastrophic’ ocean water mixing, except that 
there the mixing is of deep and shallow oceanic waters rather 
than of oceanic water and water from evaporitic basins. 
Few sulphur isotope values are available for lattice sulphate 
in the apatite of phosphorites, but those available (Fig. 2) appear 
to be consistent with the 5°*S values for sulphate evaporites”>, 
These preliminary data suggest that a major increase in the 62°S 
of phosphorite sulphate seems to occur around the Precambrian- 
Cambrian boundary (Fig. 2) though the data are admittedly < 
sparse. The shift in the values of the sulphur isotopic masses 
between the deep and shallow marine reservoirs is also reflected — 
in changes in 61°C (ref. 36). A depletion in 83C of 2% occurs 
around the Precambrian—Cambrain boundary (Fig. 2). The data 
are insufficient to state confidently that this change occurs right 
at the boundary. Nevertheless, the correlation which exists 
between 8'°C (carbonates) and 8°4S (sulphate) (ref. 36) is | 
consistent with our thesis that phosphogenesis around the Pre- 
cambrian-Cambrian boundary was preceded by a widespread 
relatively anoxic phase and that this is reflected in both the 
sulphur and carbon isotopic values of the sediments. ” 
The sequence of events prior to the Yudomski event, may — 


_ have been that the rate of mixing of the deeper parts of the 


world ocean was abnormally low. With stagnation in places, ? 
anaerobic sulphate-reducing bacteria generated HS and pyrite, 













ae ‘able 1 Some reservoirs and fluxes for phosphorus in the present- 
a day ocean . 


R, (P reservoir marine biomass) = 4.6X10"* mol P 
R, (P reservoir shallow ocean) =7.4X 10% mol P 
Ry (P reservoir deep ocean) | =2.4x10'° mol P 
F, (P flux shallow to deep ocean) = 1.35% 101? mol yr ` P 
a (particulate) | 
F, (P flux river to shallow ocean) =3x 10°° mol yr > P 


< Values from Sandstrom“. 





and- the: residual SO, became 8°*S enriched. The deep ocean 
_ water was characterized by isotopically ‘heavy’ sulphate and 
high phosphorus. The shallow ocean, which is that part of the 
water column generally ‘sampled’ in the geological record, 
_ would have been characterized by depletion of phosphorus and 
_ by a lighter 6°“S signature. This low-circulation (polytaxic) 
period!” was followed by the Yudomski event, when there was 
-much more vigorous overturn of the water column (an oligotaxic 
 period'”) and a consequent spread of high phosphorus—‘heavy’ 
- sulphur water into the shallow marine zone. The main region 
of anoxia was now in the shallow water areas, especially where 
` upwelling impinged on the continental shelf. However, anoxic, 
high phosphorus conditions also spread far across the shelf and 
into epicontinental seas in places, as indicated by the widespread 
-occurrence of black organic shales (and the ‘stone coals’ of 
China) at about this time. The occurrence of black shales and 
phosphorites is in fact an extremely common association 
- throughout the late Proterozoic and Cambrian. 
> Such compositional changes in the world oceans have been 
-previously proposed*”*’, though what triggered the initial over- 
turn of the stagnant ocean and the consequent spread of high 


-phosphorus isotopically ‘heavy’ sulphate-containing waters into 


the photic zone is not clear. Possible causes include the formation 
< of dense cold surface waters by the latest Precambrian glaci- 
ations, or dense saline surface waters by a period of prolonged 
< surface evaporation. More probably, it was related to plate 
-= movement, and rifting which developed seaways favourable for 

oceanic upwelling, or the movement of coasts to preferred low 
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latitude locations at about the time of the Precambrian- 
Cambrian transition. Widespread volcanism is consistent with 
this being a time when plate movement was initiated. 

The available geochemical data are inadequate for modelling 


the present day global phosphorus cycle with any precision, let «y 
alone the phosphorus cycle for the Precambrian or Cambrian. G a 


If, however, some present day values are taken*® (Table 1) then 
it is possible to show the possible effects, albeit as ‘caricatures’ 
of OAEs. Take for example the extreme situation where all 
phosphorus exchange via oceanic overturn ceased between the 
deep and shallow ocean. The shallow ocean reservoir would be 
depleted of almost all phosphorus within time _ 


R .. 
p= Pa $5 y 
i 


This would in turn lead to an increase of 3% in the phosphate 
of the deep ocean reservoir. If it is assumed that the fluvial flux 
(F) was entirely used by the primary producers (and F,= la 
then the time taken to double the phosphorus content of the 
deep ocean would be 


R 
Paa 


¥ 


If all of the excess phosphorus. (2.4 Xx 10'° mols P) was then 
circulated back in solution to the shallow ocean in such a way 
that it was not all used up by the biota (again unlikely in reality), 
then the total quantity of phosphorus in the shallow ocean would 
increase by R,/R,=522 times! The point of these extreme 
scenarios, and the admittedly outrageous geochemical budgets 
that they generate, is not to imply that the biomass did indeed 
increase by 522 times, but rather to make the point that a 
decrease in deep-shallow exchange even for a period of 104- 
10° yr could have a profound effect on phosphorus distribution, 
and that the deep ocean could become a major phosphorus ink. 
However, if circulation was resumed, then this could have an 
even more profound effect on the oxygen and CO, levels in the 
atmosphere if there was an explosion in the total biomass of 
photosynthesizers*'*°. 





30 18 2 2% 3 o 
8*4 S%o evaporites Se carbonates  16/0/3 


Fig. 2 Abundance of phosphorite deposits during the late Precambrian and Phanerozoic (modified after Cook and McEthinny' *) and sulphur 
-and carbon isotope curves for evaporite sulphates and carbonates respectively (after Claypool et ai.” and Veizer et al?®). 8°°S values for = > 
nee E S athe sulphate in phosphorites is after Blishovsky ef al.**. B a ee oe 
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Fig. 3 Stratigraphic distribution of late Precambrian and Cam- 
brian macrofossils (after Stanley ”*, Runnegar and Pojeta’’, and. 
Brasier’). | l 
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Therefore, changes in the rate of oceanic overturn around 
the Precambrian-Cambrian boundary could potentially have 
exerted a direct and dramatic effect on the biota at that time. 
In many parts of the present-day world ocean, plant and animal 
growth is phosphorus-limited'°. The phosphorus distribution is 
primarily controlled by upwelling of deep phosphorus-rich 

_ oceanic waters and the movement of attendant oceanic currents. 

_ Upwelling and the associated distribution of phosphorus is of 

_ fundamental importance to the distribution of the present-day 

marine biota. It would be unreasonable to assume that distribu- 

tion and availability of phosphorus was any less important in 

the past. This in turn suggests that synchroneity of a major 

phosphogenic event, a major evolutionary event, and the Pre- 

_ cambrian~Cambrian boundary are likely to be the consequence 
of something more profound than chance? 


The fossil record 


Turning to the fossil record for the late Proterozoic and 
Cambrian (Fig. 3) we see that there are several evolutionary 
milestones***°. These include the appearence of (1) soft-bodied 





metazoans (the Ediacara fauna) at about 670 Myr; (2) metazoan 
__ burrowers in the late Proterozoic; (3) mineralized shelly faunas. 
Close to the Precambrian-Cambrian boundary at about 
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more abundant in the initial Cambrian Tommotian Stage thai 
_ An succeeding stages. They are also more abundant in the 
= of phosphate deposits, suggesting that the availability of ph 

















595 Myr; (4) the first organic predators; and (5) a ide 
of ecological strategies sought and used during the i 
Cambrian. ee 
Within the limits of available geochronology the first appe 
ance of the metazoans corresponds reasonably well wit 
commencement of late Proterozoic phosphogenesis. Eve: nim 
marked, is the coincidence of the main phase of phosphogenes 
in the early Cambrian with the appearance of the first bio- 
mineralized skeletons. The first mineral skeletons. to appear 
were composed almost solely of Ca-bearing compo 
particularly carbonates and phosphates. Many h ypoth 
summarized by Brasier, have been advanced to explain 
biomineralization developed at this particular time. Th 








nese 
include, adaptation for burrowing, refinement of Ca-ion regula- 
tion, and the development of the atmospheric O, (ref. 46) and 
its relationship to organic respiratory evolution. Pe 
The hypothesis followed here is that a major increase in the _ 
phosphorus content of the marine photic zone occurred at about 
the Precambrian-Cambrian boundary as a consequence of | 
enhanced oceanic overturn, following a period of decreased | 
overturn. This event was reflected in the widespread occurrence 
of phosphorites, and also provided the driving force for many | 
of the evolutionary changes at the Precambrian—Cambrian boun- 
dary. Such an event would have resulted in a major increase in _ 
the shallow marine biomass, particularly the phytoplankton. 
This in turn could have produced an increase in the oxygen 
content of the atmosphere at this time, an event previously 
postulated by several authors. However, it is important to note 
that here it is proposed that the driving mechanism put forward 
is an increase in the nutrient levels of the marine photic zone, 
which resulted in an enhanced biomass and an attendant increase 
in free oxygen, as a result of an increased level of photosynthesis, 
rather than oxygen necessarily being the dominant contro! on 
evolution. It is germane to note that for much of the total 
biomass, oxygen is relatively unimportant or even toxic, whereas 
there is no form of life that can exist without phosphorus, a 
feature which perhaps has not received the attention to which 
it is entitled. z ee 
Abundance of nutrients is consistent with the great variety. 
of body plans observed in the Cambrian fossil record. Brasier’ 
points out that “this variety in the Cambrian may have exceeded __ 
that at any other time in Earth history, but many phyla and _ 
classes were geologically short-lived, excluded perhaps by the 
progressive race for efficiency”. Thus, a situation is likely to- 
have developed of rapid utilization of available environmental 
niches, and competition for them, in turn leading to a rapid 
increase in skeletal development. This permitted reorganization 
of visceral organs, nervous and vascular systems to cope with 
changing habitats, generating an evolutionary advantage. With 
progressive depletion of nutrient supply during the early 
Cambrian, as progressively more phosphorus was lost in the 
sedimentary ‘sink’, a complexity of trophic levels developed, 
together with an intensification of organic skeletal development. 
An exoskeleton could well have been acquired as a defensive _ 
mechanism during periods of high trophic competition, and/or 
may have given the owner an advantage in feeding andreproduc- 
ing, or merely allowing progeny to survive longer. Alternatively ~ 
it could have been a chance to excrete excess quantities of an —~ 
unwanted element or compound. o T 
A relative abundance of phosphorus available during the late: 
Precambrian and initial Cambrian is also reflected in the rela 
tively high proportion of organisms with calcium phosphat 
rather than calcium carbonate skeletal structures. As pointed 
out by Lowenstam and Weiner*’ “Just prior to the Cambrian ae 
period, all the known biogenic minerals were calcium-minerals 
and two thirds were composed of calcium phosphate”. By late 
in the early Cambrian, and throughout the remainder of th 
Phanerozoic, calcium carbonate and chitin became the mai 
skeletal components. Primary phosphatic elements are cleart 

































-phorus does indeed facilitate the development of calcium phos- 
phate skeletal structures. Phosphorus also has an important 
secondary effect, namely as an inhibitor of calcification“, 
Although the precise mechanism is uncertain, it appears that 
inhibition results from surface ‘poisoning’ of calcium carbonate 
crystals by complex phosphate ions, especially orthophos- 
` phates**. Thus the development of calcareous skeletal structures 
is likely to have been inhibited until a significant decrease in 
the phosphorus concentration of the water column had taken 
place, presumably by the end of early Cambrian time. Cal- 
careous hard tissues then became overwhelmingly dominant, a 
situation which persisted throughout the remainder of 
`- Phanerozoic time. 
Conclusions 

Many of the well-documented features at the Precambrian- 
Cambrian boundary can be related to a major phosphogenic 
event at about that time. A demonstrable sustained period of 
phosphogenesis commenced in the terminal late Proterozoic, 
reaching a maximum in the initial early Cambrian. This event 
-was probably related to a period of enhanced oceanic overturn 
-following a prolonged period of anoxia during which high- 
- phosphorus waters were formed in the deep ocean. Whilst the 
reasons for this change are unclear, the final glaciation of the 
-late Proterozoic may have been a possible trigger mechanism. 
Alternatively, and more probably, the change was induced by 
a phase of continental drift which provided an ocean-continent 
configuration (possibly a narrow latitudinal near-equatorial 
ocean) that produced an increased rate of oceanic overturn. An 
important component may also have been major sea-level rises 
and the formation of extensive shallow epicontinental seas, 
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which were available for colonization and also provided ‘traps’ 
for phosphate grains. These changes are reflected in the isotopic 
signatures of the Yudomski Event. This, and the associated 
phosphogenic event was in turn followed by the so-called 
Cambrian radiation event which is recorded in the fossil record 
by the initiation of biomineralized skeletal tissues in various 
organisms all at about the same time. A significant proportion 


of these early skeletons was built of calcium phosphate, which - 


may be interpreted as an opportunistic or alternatively a crisis 
reaction to the high levels of phosphorus in the water column 
of the photic zone. There may have been a massive increase in 
the biomass of the photic zone, particularly of the phytoplank- 
ton. It is possible that this increase in the biomass was sufficient 
to increase the free oxygen level significantly through enhanced 
photosynthesis at around the Precambrian-Cambrian boundary. 
As phosphorus was withdrawn progressively from the shallow 
seas into the phosphorus sink represented by phosphorites, the 
phosphorus content of the photic zone gradually decreased to 
the point where phosphorus was no longer so readily available 
for biomineralization. Additionally, it no longer constituted an 
inhibitor of calcite precipitation and as a consequence, calcitic 
and aragonitic skeletons then increased in abundance, to attain 
the preeminence which persisted throughout the remainder of 
the Phanerozoic. 
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__ J. Gregor Sutcliffe, Robert J. Milner, Joel M. Gottesfeld & Richard A. Lerner 


Research Institute of Scripps Clinic, 10666 North Torrey Pines Road, La Jolla, California 92037, USA 


‘Identifier’ or ID sequences are present in 62% of the RNA polymerase II and III transcripts made in vitro from brain o 









nuclei but in fewer than 4% of the transcripts made from the nuclei of other tissues. An homologous 1 60-nucleotide _ 
cytoplasmic poly(A)” RNA species, BC1, and a smaller species, BC2, are located in vivo exclusively in neural tissues, 
Cloned ID sequences are polymerase HI templates in vitro. Our data suggest a model in which brain-specific polymerase 
II transcription of ID sequences located in introns of brain genes activates those genes in a primary manner for polymerase _ 


IT transcription. 


—_—— an Serene 


WE recently described a novel repeated rat nucleotide sequence 
which hybridized to an apparently brain-specific, small RNAŻ. 
In characterizing the messenger RNA of rat brain by studying 
cloned cDNA copies of cytoplasmic poly(A)* RNA, we dis- 
covered that a few (3%) of our cDNA clones. containing inserts 
of 500-1,250-nucleotide pairs hybridized to an abundant 160- 
nucleotide RNA molecule which was present in brain, but not 
liver or kidney. Each of these clones contained a common 
82-nucleotide sequence followed by an oligo(dA) tract (see Fig. 
3a). The 82-nucleotide sequence was also found in an intron 
of the rat growth hormone gene’, which is expressed in certain 
brain cells”, as well as in the pituitary. We have termed the 
82-nucleotide sequence an ‘identifier’ or ID sequence and 
reasoned that the sequence might be present specifically in brain 
genes, possibly in introns or other noncoding regions, to imple- 
ment their tissue-specific expression, acting at either the level 
of transcription or mRNA maturation. The brain-specific 160- 
nucleotide RNA molecule is, then, either a by-product of the 
splicing of brain-specific mRNA or a brain-specific transcript 
per se. 

This reasoning leads to several predictions. Two predictions 
are that genes which are uniquely expressed in brain will contain 
ID sequences and that there will be enough copies of ID 
sequences in the rat genome to account for a substantial portion 
of brain-specific gene expression. These predictions are borne 
out as described by Milner et al.,* who show that there are about 
10° ID sequences in the rat genome, many of which are located 
in the introns of brain-specific genes. Another prediction is that 
brain primary transcripts, when viewed as a population, should 
be rich in ID sequences. Whether ID sequences are also highly 
represented in the transcripts of other tissues depends on 
whether ID sequences have any function or on the level at which 
ID sequences function (transcription or mRNA processing). 

The present experiments represent our studies on the localiz- 
ation and transcription of RNA molecules containing ID 
sequences. We find that the 160-nucleotide species, which we 
call BC1 to discriminate it from ID, is localized exclusively in 

the cytoplasm of brain, pituitary and peripheral nervous cells, 
and that brain but not liver or kidney nuclei act as templates 
for both RNA polymerase II (Pol II) and RNA polymerase II] 
(Pol HI) for the transcription of RNA molecules containing ID 
sequences. These data suggest that brain-specific Pol IHI tran- 


_ scription of ID sequences might somehow regulate transcription 


by Pol II to allow the expression of neural-specific genes. 


_ Specificity of BC1 

“We isolated total RNA from several rat tissues (adrenal, spleen, 
testes, heart, lung, muscle, intestine, thymus, pituitary and solar 
nerve plexus), fractionated it by gel electrophoresis and North- 
ern blotted? to nitrocellulose. The blots were hybridized with 


nick-translated® ID-containing clones p1B224 or p2A120!, ` 


thereby extending our original study which examined the RNA 


- from only brain, liver and kidney. The ID probes hybridize to 





_ small RNA was found in the bound fraction (data not shown! 


a 160-nucleotide target found only in brain, pituitary and solar __ 
plexus (Fig. 1). Our pituitary preparation contained both the _ 
posterior lobe, which is of neural origin, and the anterior lobe, 
which is an endocrine tissue. The hybridization to the RNA. on 
from each tissue by p1B15 (a cDNA clone of a ubiquitous rat 
mRNA) acts as a positive control to show that the various 
ID-negative lanes do not result from degraded RNA. Of par- 
ticular note is that adrenal, which is partially derived from neural : 
crest, and the rat adrenal phaeochromocytoma tumour PCI 


were both negative for the 160-nucleotide RNA species in two 
separate experiments. Some of the samples used in the experi- 
ment of Fig. 1 were total cell RNA extracts: the small RNA is _ 
therefore absent from all compartments of the non-hybridizing 
tissues. 7 


BC1 RNA 


The [D-containing cDNA clones we have examined probably 
correspond to mRNA precursors contaminating our cytoplasmic 


RNA preparations because these clones contain both exon ando 
intron sequences’. Therefore, the possibility existed that the 
small RNA was predominantly nuclear. We prepared nuclear 
and cytoplasmic RNA from brain, liver and kidney by the 
methods described by Busch’ which are commonly used to 
examine small nuclear RNA species. We separated the RNA 
samples on acrylamide gels, visualized the RNA by staining with 
ethidium bromide and, after photography, transferred the RNA 


to nitrocellulose, and probed the blot with. nick-translated 
p1B224. As indicated in Fig. 2, the commonly observed species 
(tRNA, SS RNA, U1-U6, 5.88 and 7S) as well as other pre- 
viously observed less prevalent RNAs’ are present in their 
usual compartments. The ID probe hybridizes to a species which 
migrates with similar mobility to 5.88 RNA (which is 158 
nucleotides) and is located primarily in the brain cytoplasmic 
fraction. It also hybridizes in a diffuse smear to a target with 
slightly faster migration than 5S RNA, estimated to be 100-110 
nucleotides, which is also found in the cytoplasmic fraction of |. 


brain but not liver or kidney. | y 
Our original study showed that the 160-nucleotide RNA was 
found in the poly(A)* fraction of brain cytoplasmic RNA pre- = 


pared by oligo(dT) cellulose chromatography’. Other small. 


RNAs have been shown to bind to or co-purify with poly(A)”. 2 


RNA‘, so it was necessary to determine whether this small RNA e 
bound directly to oligo(dT) cellulose or indirectly via binding 


to other poly(A)” RNA. We denatured total brain cytoplasmic. : : 
RNA in 90% formamide to disrupt all intermolecular interac- © 


tions according to the procedure of Jelinek and Leinwand", 
isolated poly(A)-containing RNA by passage over oligo(dT) 
cellulose, and examined the bound and unbound RNA fraction 
by Northern blotting using p1B224 as a probe. Most of th 


indicating that it binds directly to the oligo(dT) cellulose. Pre 
sumably, then, the 160-nucleotide RNA species contain A-r 
sequences of sufficient length to permit binding to the oligo(dT 














Fig. 1 Tissue distribution of BC1 RNA derived from: a, 
poly(A)*-enriched cytoplasmic RNA (2g per lane)’; b, 
poly(A)*-enriched total cell RNA (2 pg per lane); c, unpurified 
total cell RNA (20 pg per lane). RNA samples from the indicated 
rat tissues or cell lines were fractionated by electrophoresis on 
1.5% agarose gels in 1M formaldehyde, transferred to nitrocellul- 
lose and hybridized with **P-labelled plasmids p1B224 and p1B15 
as described previously’. Total cell RNA was prepared as described 
by Levy et al.!. The unpurified total cell RNA samples (pituitary, 
solar plexus and thymus) contain some DNA contamination, 
accounting for the intense hybridization at high molecular weights. 
The: positions. and lengths in nucleotides of DNA size markers 
(linear pBR322 and Rsal-digested pBR322'*) are indicated at 
the left and the positions of RNA bands corresponding to plasmids 
p1B224 and p1B15 are indicated at the right. 


“column. The smear in the 100-1 10-nucleotide range was greatly 
‘reduced relative to the 160-nucleotide RNA in oligo(dT)- 
purified samples. | 

For convenience, we will call this neural-specific, 160-nucleo- 
“tide, cytoplasmic, poly(A)” RNA species BC1 RNA to empha- 
size its specific location in brain cytoplasm. We will refer to the 
neural-specific, 100-1 10-nucleotide species as BC2. When large 
amounts of brain cytoplasmic RNA purified by oligo(dT) 
chromatography are examined by gel electrophoresis and 
ethidium bromide staining, the major species of small RNA 
observed is a slightly diffuse 160-nucleotide species which 
migrates just faster than 5.8S RNA. Neither liver nor kidney 
poly(A)” RNA exhibits a similar species. From saturation 
hybridization experiments” we estimate that there are about 
2,000 copies of BC1 per cell. 


ID sequences contain promoters 


‘Two possibilities for the origin of BC1 RNA are that it is a 
discrete transcript from the genome or that it is derived dis- 
cretely from brain-specific mRNA processing. The 82-nucleo- 
tide ID core contains sequences homologous to the consensus 
“sequence for Pol III initiation"? (Fig. 3a). We studied the tran- 
-scription of ID plasmid p2A120 in a DNA-dependent Pol HI 
“transcription system—a. nuclear $100 extract'’ of HeLa cells 
(Fig. 3c). p2A120 was a potent template in this system (10-20 
transcripts synthesized per ID. sequence per h of reaction), 
-rivalling a cloned Xenopus 5S RNA gene (5 transcripts per h) 
“in stimulating transcription. Other ID clones are also excellent 
-templates in this system. 
`> > Most of the RNA product from p2A120 ran on the gel in a 
discrete band of about 250 nucleotides (the 5S product is 120 
-nucleotides long’). A large (~ 480-nucleotide) p2A120 prod- 
~ uct, which we will discuss separately, is present at a much lower 
concentration. We demonstrated that the 250-nucleotide band 
_ represents a discrete RNA transcript by cleaving the template 
plasmid p2A 120 before transcription with a variety of restriction 
endonucleases whose cleavage sites within the p2A120 insert 
and vector were exactly known from their respective nucleotide 
_ sequences'''’; these are mapped in Fig. 3b. PstI cleavage results 
‘in an RNA product of about 110 residues, indicating that Pol IH 
` initiation occurs 110 residues from one of the two PstI sites in 
p2A120. Initiation occurs within the insert because the parent 
vector pBR322 is not a potent Pol III template (not shown). 





_. The amount of synthesis on the PstI-cleaved template and on 


the Hpall-cleaved plasmid is considerably lower than on the 
— uncleaved plasmid or on the plasmid digested with several 
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Fig. 2 Localization of BC1 RNA to brain cytoplasm. RNA 
samples (100 pg per lane, except as indicated) from brain cytoplas- 
mic poly(A)” (~) or poly(A)” (+, 10 pg) RNA and total RNA 
from nuclei (N) or cytoplasm (C) from rat brain, liver or kidney 
were dissolved in 30% dimethyl sulphoxide, heated to 67°C and 
separated by electrophoresis on a 10% acrylamide~TBE (50 mM 
Tris-borate, 1 mM EDTA, pH 8.3) gel. The gel was stained with 
ethidium bromide, photographed (a), transferred to nitrocellulose 
by blotting and the blot hybridized to “*P-labelled p1B224 (b). 
The positions of known small RNA species are indicated in a by 
reference to Reddy et al.’; b is aligned and to the same scale. The 
smeared pattern of the stained liver nuclear RNA is due either to 
an excess of salt in the sample or to degradation: similar experi- 
ments and the data of Fig. 1 provide no evidence for BC1 RNA 
in nuclei or cytoplasm of liver. c Is an equivalent lane to b brain 
cytoplasm from a separate experiment in which BC2 was more 
clearly visible. c Is shown at a different scale from b. 


enzymes which cut distantly from the PstI site (Hinfl, Sau3A 
and Rsal). The Hpall cleavage results in an RNA product of 
about 165 nucleotides. Enzymes which cleave within the ID 
sequences, BstN, Haelll and Alul (not shown), inactive the 
template. In some experiments, the inactivation is not complete 
and some synthesis is observed, often of altered length products. 
For example, Avall cleavage did not greatly inactivate the 
template in this or two other experiments, although a shorter 
product is observed due to cleavage within pBR322 sequences. 

All of these data are exclusively consistent with Pol IH tran- 
scription beginning at or very near the first nucleotide of the 
ID core sequence (indicated by arrow in Fig. 3a), and proceeding 
for 110 nucleotides to the PstI site and into the pBR322 vector 
sequences. Cleavage within the ID sequence inactivates this 
Pol HI template, while cleavage just downstream results in a 
markedly lowered efficiency of initiation. Other bands which 
show up are attributed to incomplete digestion in some experi- 
ments with Haelll, and especially Avall. Termination occurs 
when synthesis runs either to the end of the cleaved template 
or reaches the Pol III terminator sequence TTTATT (ref. 14) 
at position 3,472 of pBR322"*, 250 nucleotides downstream 
from the site of initiation. The 480-nucleotide RNA mentioned 
above is explained by occasional readthrough of the first ter- 
minator to the next T-rich sequence, TITTT, at vector position 
3,242. This readthrough RNA is shortened when the template 
is cleaved with Hinfl or Sau3A, as would be expected from the 
position of these sites in the vector sequence (Fig. 3b). Figure 
3b shows the mapping of the primary and readthrough tran- 
scripts. The direction of transcription is the same as our previous 
determination of the sense strand of the ID sequence for 
BC1 RNA’. 


Nuclear ID sequence transcription 

We next tested nuclei isolated from rat brain, liver and kidney 
as templates for transcription in vitro in the HeLa $100 extract, 
or in a HeLa whole cell extract'*?° which contains both Pol H 
and Pol III activities. The two transcription systems gave essen- 
tially analogous results in the following analyses, because the 
nuclei alone provide both polymerase activities, as evidenced 
by experiments in which neither extract was provided. Nonethe- 
less, the best incorporation was found using the $100 system. 
Transcription products containing regions homologous to ID 
sequences were purified by hybridization to filters containing 
denatured p2A120 DNA, and the filters were counted (Table 
1) and then eluted. The bound transcripts as well as the unbound 
material were displayed by gel electrophoresis (Fig. 4). Forty- 
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Pig. 3 Transcription of ID plasmid p2A120 a 


i . eee P .. eee b Atu J ae II , Pat 
in vitro. a, Nucleotide sequence of the ID region SGTGAGCAGTSGG6CTGGGGATTTAGCTCAGTGGTAGAGCSCTTACCTAGGAAGCACAAGGCCCTGGGITCEGTCCCCAGCTCCG (A) ag (C) o CTGCAG 
of plasmid p2A120°. The core sequence is AG TOA aa i 


underlined (some of the non-underlined A 
residues are part of the core*), restriction 
endonuclease sites are indicated above and the 
Pol HI consensus initiation sequences’? are  þ 
indicated below. The site of Pol III initiation is 3200 ; 3700 
indicated by the arrow. b, Structure of plasmid R H: 
p2A120 showing cDNA insert sequences (thick 
line) and surrounding pBR322 sequences (thin 
line). The site of the ID region (corresponding 
to a) is shown by the unfilled thick line. The 
larger numbers above indicate map positions 
for insert sequences and the smaller numbers 
map positions for pBR322 sequences?>. Letters 
indicate the sites for restriction enzymes Pst] 
(Pst), Hinfl (F), Hpall (P), Sau3A (S), Rsal 
(R), Avall (V), BstNI (B), Haelll (H) and 
Alul (A). Shown below are the direction of 
transcription and putative positions of the 
major, 250-nucleotide (thick arrow) and minor, 
480-nucleotide (thin arrow) transcripts. The 
probable termination sequences for these are 
shown above. c, Pol HI transcription of plasmid 
p2A120 in vitro. Plasmid DNA was transcribed 
in vitro in a HeLa $100 system!! as described 
in Table 1 legend and the products were frac- 
tionated by electrophoresis on an 8% acryl- 
amide-7 M urea~TBE gel. The figure shows the 
products of Xenopus clone pX108 (5S) and 
plasmid p2A120 either untreated (—) or 
digested with the indicated restriction endonu- 
cleases (abbreviated as in b). The positions and 
lengths in nucleotides of DNA size markers 
are shown on the right (Hpall-digested 
pBR322?%). 


seven per cent of the counts transcribed from p2A120 DNA 
rehybridized to p2A120 DNA on filters, thus providing a 
measure of hybridization efficiency for this experiment. The 
250- and 480-nucleotide species discussed above are observed. 
Nuclei from brain, liver and kidney direct the synthesis of 
comparable amounts of RNA, much of which runs as a 
heterogeneous smear all the way to the top of the gel. In addition, 
a series of discrete bands is observed at 100-110 nucleotides in 
all three lanes, although these are by far most pronounced in 
the brain and are not of exactly comparable relative intensities 
and position in the three nuclear samples. The bands are quite 
distinct in size from those corresponding to pre-tRNA species 
synthesized by Xenopus oocytes (not shown). 

A large fraction (29%) of the brain nuclear transcripts, but 
hardly any of those derived from liver (2%) or kidney (1%), 
hybridized to the ID filters. The 100-110-nucleotide discrete 
brain nuclear transcripts bound to the ID filter, but the species 
with similar gel mobilities from liver or kidney did not bind at 
all. Deproteinized rat liver DNA programmes the transcription 
of a heterogeneous mixture of RNA species of 100~500 nucleo- 
tides in length of which 13% hybridize to the ID DNA filter: 
the DNA did not programme synthesis of the 100-110-nucleo- 
tide species. If the liver nuclear extract was treated briefly with 
0.35 M NaCl before the reaction, a treatment known to cause 
the removal and structural rearrangement of some chromosomal 
proteins’ ”'*, transcription of large RNA occurred which bound 
to the ID sequence (Fig. 4, lanes o-r). Salt wash did not activate 
the synthesis of the 100~-110-nucleotide RNA species, implying 
the absence of specific Pol III transcription, as we show later. 
Therefore, nuclei from all three tissues are active as template 
in this transcription system, but only brain nuclei or salt- 
disrupted chromatin directs the synthesis of transcripts contain- 
ing the ID sequence. | 

Indeed, a substantial portion of the brain nuclear transcripts 
(possibly 29%/47% = 62%) must contain an ID sequence, as 


29% hybridized to the ID clone, whereas the efficiency of 


= hybridization was only 47% as judged by the hybridization 
Of p2A120 transcripts. Fewer than 4% (a background level) of 
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the liver and kidney transcripts, normalized for hybridization 
efficiency, contain ID sequences. These measurements might 
underestimate the per cent of transcripts containing ID 
sequences, since RNA degradation can separate ID from other 
brain sequences, thereby reducing hybridization. Several experi- 
ments of this sort have been performed in which the absolute 
percentage of counts bound varies, but normalized values in the 
range of 60% for brain are usually obtained. The other tissues 
have always yielded background values. Thus, variability lies in 
the efficiency of hybridization rather than transcription. 


Transcription by polymerases II and Il 


Even though the above studies indicate that ID sequences are 
transcribed specifically from ID clones by a Pol III system, we 
doubt that Pol III can account for the presence of ID sequences 
in the RNA molecules from which we cloned these cDNA copies. 
Pol III would be expected to initiate transcription at the ID 
sequence, whereas our cDNA clones have ID sequences at their 
3’ ends. Their appearance in the clones at an end is probably a 
consequence of priming reverse transcription on the oligo(dA) 
tract with oligo(dT) in the cDNA clone construction, and hence. 
these ID clones are probably derived from internal portions. 
larger RNA molecules, most likely Pol II transcripts, = 
Treatment of the nuclear transcription reactions in $100 
whole cell’° extracts with a-amanitin (an inhibitor of Pol II at 
0.5 ug ml~') diminished the amount of ID-bound RNA (Fi 
lanes k-n). It is apparent in several experiments that the syn- A 
thesis of the large heterogeneous RNA transcripts was inhibited, ~ 
while that of the smaller (100-110-nucleotide) species was not. 
Not all transcription of large RNA is inhibited, possibly because 
of some long Pol III transcription units. These data suggest that — 
most of the large brain-specific transcripts are Pol I] products, 
whereas the smaller brain-specific products are made by Pol III. - Ey 
Thus, both Pol I and Pol IHI transcripts of brain frequently 
contain ID sequences. See 
_ Because much of the following discussion depends on accept- - 
ing conclusions drawn from the experiments shown in Fig. 4,005 
and the photograph of the results of lanes k-r is unappealing, =- 




















Table 1 In vitro transcription of ID sequences 


n a nan ana amna 


Total c.p.m. | 
Template incorporated % Bound Normalized 
p2A120 DNA 5,409 46.8 100 
- Liver DNA 12,593 12.6 26.9 
Brain nuclei 3,945 29.4 62.8 
Liver nuclei 5,723 2.0 4.1 
Kidney nuclei 4,024 1.0 Zz 


Tn NEEE AREATA n 


Nuclei were prepared from brain, liver or kidney of 3-month-old 
Sprague-Dawley rats by homogenization in 10 volumes of 0.3M 
sucrose, 10 mM Tris-HC1 pH 8, 2.5 mM MgCl, 5 mM dithiothreitol, 
0.25% Triton X100. After removal of cell debris the nuclei were 
collected by centrifugation at 1,000g for 10 min and washed once in 
homogenization buffer and several times in the transcription buffer. 
DNA was prepared from liver nuclei by extraction with proteinase 
K/SDS and phenol/chloroform. Transcription extracts were prepared 
from HeLa cells by the methods of Weil et al."'. All extracts were 
stored at ~ 70°C and thawed once before use. Transcription reactions 
were carried out in a volume of 50 pi with 20-30 ul of cellular extracts 
giving final concentrations of 12 mM HEPES (pH 7.9), 66mM KCI, 
8mM MgCl,, 0.06 mM EDTA, 1.2 mM dithiothreitol, 11% glycerol. 
Template amount per reaction: p2A120, 1 wg; liver DNA, 2.5 pg; 
nuclei, 20g. Incubations were at 22°C for 2h with 0.02 mM 
fa -*?PIGTP (final specific activity 10 Ci mmol” 1) and unlabelled nucleo- 
tides at 0.6mM. RNA was purified from the reactions by extraction 
= with phenol/chloroform. Transcripts containing ID sequences were 

jsolated by hybridization to denatured p2A120 bound to nitrocellulose 
` filters (1 pg per filter). Hybridization was in 0.45 M NaCl, 20 mM 
` HEPES pH7.5, 0.5% SDS, 10 mM EDTA, at 55-60°C overnight. 
Bound material was eluted in 50% formamide at 95 °C for 5 min and 
“concentrated by ethanol precipitation. For each template the table shows 
the total incorporation into RNA, the % of the total incorporation 
which bound to p2A120 filters, and the % normalized for hybridization 
‘efficiency. 


a few comments are required. We have repeated these experi- 
ments several times and the qualitative results have always been 
the same. However, electrophoresis or autoradiographic prob- 
lems have marred the final product such that photographs of 
the results require extensive explanation. When we take all of 
the data together, we are confident of three points: a-amanitin 
greatly reduces the amount of large (Pol II) transcripts which 
are synthesized and which bind to ID filters, but has a much 
smaller inhibitory effect on the smaller (Pol III) transcripts; salt 
wash activates transcription of ID sequences from liver 
chromatin, indicating that some chromosomal proteins exert a 
negative effect on ID expression; and salt wash does not activate 
the expression from liver of the 100-110-nucleotide RNA 
species. 


Discussion 

Our results show that a 160-nucleotide poly(A)” RNA 
molecule, BC1, and a smaller 100-110-nucleotide species, BC2, 
are present in the cytoplasm of brain cells. BC1 is also found 
in pituitary and peripheral ganglia but not nine other non-neural 


aS ‘tissues. Saturation hybridization experiments have shown that 


there are ~ 2,000 copies of BC1 per cell’. BC1 and BC2 are 
homologous to brain ID sequences which are specifically tran- 
scribed in vitro from brain, but not from liver or kidney nuclei, 
by both RNA polymerases II and III. This specific transcription 


-~ pattern is not in the main due to DNA rearrangements because 


naked liver DNA, as well as 0.35 M NaCl-washed liver chro- 
matin, are also templates for the transcription of ID sequences. 
A cloned ID sequence serves as a template in vitro for Pol III 
_ transcription and Pol III initiation maps to the first nucleotide of 


the ID sequence. 


<  Qur recent results* demonstrate that there is a high correlation 
-of physical linkage in the genome between ID sequences and 


` particular genes which are expressed as brain-specific mRNAs. 
Brain genes contain ID sequences in their introns. The present 


oe study indicates that there is brain-specific transcription of ID 
=> sequences, provides further evidence of physical linkage of brain 
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Fig. 4 In vitro transcription of ID sequences. RNA was tran- 
scribed in vitro from DNA or rat nuclei preparations in a HeLa 
nuclei S100 (Weil)! extract and radioactivity labelled by incorpor- 
ation of [a-°*P]dGTP. Transcripts containing ID sequences were 
isolated by hybridization to filter-bound p2A120 and the products 
analysed by electrophoresis on an 8% acrylamide~7 M urea~TBE 
gel. The autoradiographs of the gels for three experiments are 
shown. In one experiment (lanes a~j), the RNA products were 
transcribed from: deproteinized rat liver DNA (lanes a, b); 
p2A120 (c, d), rat brain nuclei (e, f), rat liver nuclei (g, A), rat 
kidney nuclei (i, j). Lanes a, c, €, g, i are the transcription products 
which did not bind to the p2A120 filters; lanes b, d, f, h, j are 
transcripts which bound to p2A120. Experimental details are 
described in Table 1 legend. Size markers are indicated at the left. 
The 79-nucleotide RNA band is a DNA-independent product 
commonly observed with the $100 extract which binds nonspecifi- 
cally to nitrocellulose. In a second experiment (lanes k-n), brain 
nuclei were transcribed in the absence (k, m) or presence (/, n) of 
0.5 pg ml”! a@-amanitin. The bound (k,/) and unbound (m,n) 
transcripts are shown. In a third experiment (lanes o-r) liver (0, q) 
or brain (p, r) nuclei were transcribed without (o, p) or with treat- 
ment with 0.35 M NaCl. The bound transcripts are shown. The 
three autoradiographs have been scaled such that the 100-1 10- 
nucleotide species are approximately aligned. 


genes and ID sequences, and suggests that ID sequences are 
largely absent from the introns of genes expressed in non-neural 
tissues. These data provide circumstantial support for the 
hypothesis that ID sequences are involved in some event in the 
generation of neural-specific mRNA, perhaps in the control of 
transcription. 

It is intriguing that ID sequences should be specifically tran- 
scribed by both Pol II and Pol III. Other investigators have 
suggested that transcription by those two polymerases may be 
somehow coupled: most recently, Manley and Colozzo’” sug- 
gested that Pol III transcription initiating at an Alu sequence 
near a globin gene may be involved in activating Pol H transcrip- 
tion of that globin gene. There are about 10° copies of the ID 
sequence in the rat genome” and about 3 x 10* distinct poly(A)” 
mRNA molecules expressed in rat brain’. Therefore, the present 
findings that ID sequences are specifically transcribed from brain 
nuclear extracts in vitro by Pol III and Pol II, suggest a model in 
which PollIII transcription of ID sequences specifically in 
neurones could somehow activate specific Pol I transcription of 
the adjacent regions. The observation that salt-washed liver 
chromatin is activated for brain-specific Pol I] but not Pol lil 
transcription suggests the existence of brain Pol Ill transcription 
specificity factors which recognize ID sequences. Indeed, pre- 
liminary experiments have shown that brain extracts are at 
least a 10-fold better source of 1D-specific Pol IH transcription 
activity than are liver extracts. 

Pol [II transcription could also account for the existence in 
vivo of the brain-specific RNA molecules, BC1 and BC2. Brain 
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> nuclei specifically direct the synthesis by Pol III of a series of 
_ discrete, homologous RNAs of 100-110 nucleotides which prob- 
_ ably correspond to BC2. These could be early terminating 
-species or perhaps precursors of BC1 which are not polyadeny- 
., lated in this system. Although there is no precedence for poly- 
_ adenylation of Pol III transcripts, our evidence suggests that 
BC1 contains poly(A), and that BC2 does not and is a Pol III 
product. Post-transcriptional polyadenylation could account for 
the difference in size of the 110-nucleotide a-amanitin-resistant 
$100-extract product and the 160-nucleotide BC1 species found 
in vivo. One model for the generation of BC1 and BC2 RNA is 
that ID sequences with their 3’ oligo(dA) tracts are located in 
brain genes. These are recognized by neural transcription speci- 
ficity factors and then transcribed by Pol III, with termination 
occurring past the oligo(dA) region to generate BC2. 
Most such BC2 transcripts are unstable. A few of the 10° ID 
“Sequences, however, may have a T in the oligo(dA) region, 
forming the sequence AATAAA which can serve as a poly(A) 
addition signal, thereby producing BC1. The polyadenylated 
BC1 molecules are transported to the cytoplasm where they 
form a stable pool of a few thousand molecules which may or 
may not be functional. Meanwhile, we speculate that the Pol III 
transcription of ID sequences has activated the genes containing 
the ID sequence in a necessary manner for Pol II transcription 
and consequently specific mRNA expression. 

Clearly, ID sequences could not be the only factor involved in 
controlling neural gene expression because the brain is a collec- 
tion of heterogeneous cell t pes which are not homogeneous in 
terms of mRNA expression”’”*°. ID sequences may be necessary 
but are not sufficient for brain gene expression. They perhaps 
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represent a general primary neural gene signal upon which o' 
control systems operate. For most brain-specific genes, a sec 
dary positive signal is required for expression. Specificity is also 
mediated by salt-releasable factors which keep transcription | 
Pol II of regions containing ID sequences at low levels in non- 
brain tissues, arguing that negative control, acting either at the 
level of specific repressors or, more likely, at the level of overall 
chromatin structure, is responsible for keeping neural-specific 
genetic regions silent in non-neural tissues. ID sequences may 
be the lineage-specific control elements. p Fee 

This model, then, utilizes cis-acting sequences within introns 
to identify tissue-specific genes, and trans-acting transcription 
specificity factors to guide Pol III to those genes. A separate 
switching mechanism must regulate the tissue-specific expression 
of the transcription specificity factors. Liver and kidney 
apparently produce transcripts analogous to BC2 but having 
different sequences. These may be transcripts of the liver and 
kidney cis-acting elements. | 

Clearly our prejudice in this discussion has been that ID 
sequences influence transcription; however, they could alterna- 
tively or additionally be involved in mRNA processing as 
nucleation sites for RNA folding or protein-RNA interactions 
(as discussed by Milner et al.*). The specificity of BC] RNA 
Suggests it, too, could carry out a brain-specific role. i 
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To determine whether sequence context influences the ability of an AUG triplet to be recognized as an initiator codon by 
eukaryotic ribosomes, single nucleotide changes were introduced near the translational start site in a cloned preproinsulin 
gene. Maximum synthesis of preproinsulin occurred when a purine, preferably adenosine, was located three nucleotides — 
upstream from the initiator codon. Adenosine is found most frequently in that position in natural mRNAs. UE 





TRANSLATION begins at the 5'-proximal AUG triplet in about 
_ 90% of the eukaryotic mRNAs that have been sequenced. That 
, observation, together with other circumstantial evidence 
reviewed previously’, prompted the hypothesis that the 40S 
subunit of eukaryotic ribosomes might find the AUG initiator 
codon by ‘scanning’ the 5’ end of messenger RNA. A partial 











-demonstrated that mRNA must have a free 5’ terminus in order 


vindication of the scanning model has come from experiments 
_ carried out in cell-free extracts. By studying the binding of | 


. exclusively at t 
_ Specially designed templates to wheat germ ribosomes, we have | 
















to be functional’, that 40S ribosomal subunits can be trapped — 
upstream from the AUG initiator codon’ and that 40S subunits - 
can migrate**. Consistent with a scanning mechanism, the trans- 
lation of certain viral mRNAs was arrested following hybridiz- _ 
ation with DNA fragments complementary to a portion of the 
5’-noncoding region””’. Recent experiments carried out in vivo _ 
further support the idea of scanning: ribosomes appear to initiate 
| he 5'-proximal AUG triplet in mRNAs. thi 
contain tandemly reiterated copies of the preproinsulin ribs 
some binding site". Although it seems clear that the positi 
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an AUG triplet relative to the 5’ end of the mRNA has a major 


role in identifying it as a functional initiator codon, the notion 
of scanning is not incompatible with the idea that sequence 


context modulates the efficiency with which an AUG triplet is 
recognized as an initiator codon. Indeed, the distribution of 
nucleotides flanking functional initiator codons in eukaryotic 
mRNAs is decidedly nonrandom. From a comparison of the 
5’-noncoding sequences of over 200 cellular’ and some 50 viral 


mRNAs!°, CCACCAUGG has recently been tentatively pro- 
posed as a consensus sequence for eukaryotic initiation sites. 


The most highly conserved features revealed by those surveys 
were adenosine (A) in position —3, (that is, three nucleotides 
upstream from the AUG triplet, which is numbered +1 to +3) 
and guanosine (G) in position +4. The significance of the con- 
served nucleotides flanking the AUG triplet has been tested to 
a limited extent by measuring the binding of synthetic oligonu- 
cleotides to ribosomes in vitro’®. To assess further whether the 
translational machinery in eukaryotes is sensitive to the sequence 
context around a potential AUG initiator codon, I have intro- 
duced single nucleotide changes near the translational start site 
ina cloned preproinsulin gene. The yield of proinsulin was then 


“monitored during transient expression of the mutant plasmids 
in monkey (COS-1) cells. Sequence changes around the initiator 


codon drastically affected the yield of proinsulin, as shown in 
the experiments described below. 


Plasmid construction 


Plasmid 255 (p255) is a shuttle vector that encodes and expresses 
the rat preproinsulin II gene. (The plasmid was donated by Dr 
Peter Lomedico.) Its structure has been described previously’ 

and is briefly outlined in Fig. 1a. Initiation of transcription at 
the simian virus 40 (SV40) early promoter in p255 gives rise 
to a chimaeric mRNA with a 5’-untranslated sequence of about 
128 nucleotides: the first ~ 80 nucleotides are encoded by SV40 
DNA and the remainder are from the rat insulin gene. A HindIll 
site marks the boundary between $V40 and rat insulin DNA, 
as shown in Fig. 1a, b. Rather than attempt to introduce muta- 
tions around the natural preproinsulin initiator codon, which 
lacks nearby restriction sites, I inserted upstream from the 
insulin coding sequence an 11-base pair (bp) oligonucleotide 
that carries another ATG triplet. The resulting mutant (p255/2) 
is illustrated in the second line of Fig. 1c, with the 11-nucleotide 
insert shown in bold face. To facilitate the construction and 
identification of additional mutants, the synthetic oligonucleo- 
tide was designed with HindIII and BclI restriction sites flanking 
the ATG triplet. Because the upstream ATG triplet in p255/2 
lies in the same reading frame as the preproinsulin coding 
sequence, I anticipated that, after introducing mutations around 


-the upstream ATG codon, I would be able to monitor initiation 


at the first versus the second ATG by measuring the size of the 
insulin-related polypeptides: the polypeptide resulting from 
initiation at the upstream ATG should carry an extra 18 amino 
acids at the N-terminus. That experimental design proved 


impractical, however, because the long form of preproinsulin 


encoded by p255/2 was still an efficient substrate for signal 
peptidase (M.K., unpublished data). Thus, irrespective of which 


ATG was used for initiation, the only polypeptide that accumu- 


lated was the cleavage product, proinsulin. 

To obviate that problem, another derivative (p255A/ 1) was 
constructed, as illustrated in the bottom line of Fig. 1c. p255/2 
DNA was cut with Bcil and BamHI which generate identical 
cohesive ends (GATC), although each enzyme recognizes a 
different hexameric sequence. The large DNA fragment was 
then re-ligated, that is, the Bell-generated end was joined to 
the BamHI-generated end, thereby deleting 182 bp including 
the ATG triplet that is normally used to initiate translation of 
preproinsulin. In place of the natural initiator codon, p255A/1 
has the ATG triplet derived from the oligonucleotide insert in 


- p255/2. The sequence around the new initiator codon in 


p255A/1 is shown in Fig. le. p255A/1 directs synthesis of a 
polypeptide which lacks only three amino acids that are normally 


present at the N-terminus of preproinsulin. In the remainder of 


ireanii nearer NT rE A TY iin araea a AT AAT AMORA EI 


this article, p255A/1 is used as the point of reference: a series 


of mutants differing from p255A/1 by single nucleotide changes 
is described below, and their translational properties are com- 
pared. 


Introduction of mutations — 


Site-specific mutagenesis was carried out by first forming gapped 
heteroduplex circles in which the region around the initiator 
codon was single-stranded (see Fig. 2a, b), and then annealing 
to the gap a complementary oligonucleotide that contains a 
single mismatched residue. The mismatched nucleotides are 
starred in Fig. 2. Two mutants were obtained using scheme a: 
p255/15 and p255/16 are identical to p255/2 (described above) 
except that p255/15 has an A and p255/16 has a G, in the —3 
position. The two new mutants could not be used directly in 
the protein synthesis assay because the polypeptide resulting 
from initiation at the upstream ATG triplet would undergo 
cleavage, a problem explained in the preceding discussion of 
p255/2. Therefore, the technique whereby p255A/1 was 
derived from p255/2 was applied again: p255/15 was cut with 
Bcll and BamHI and then re-ligated, generating p255A/3; 
p255/16 was cut similarly and re-ligated to produce p255A/4. 
Derivatives p255A/3 and p255A/4 are identical in structure 
to p255A/1, except for the nucleotide in the —3 position. The 
sequence around the initiator codon in each plasmid is given in 
Table 1. 

A slightly different scheme was needed to obtain mutants in 
the +4 position, because changing the A in that position would 
destroy the Bell site and thus preclude the Bcll/ BamHI fusion 
step used to derive the aforementioned mutants. Derivative 
p255A/2, in which the sequence ATGA has been changed to 
ATGG, was obtained using scheme b in Fig. 2. The technique 
again involved using a mismatched oligonucleotide to comple- 
ment the single-stranded region in a gapped heteroduplex circle, 
but the parental plasmids used to construct the heteroduplex in 
scheme b differ from those in scheme a. Finally, scheme c in 
Fig. 2 illustrates the approach used to obtain a double mutant 
(p255A/7) in which the nucleotides in both the —3 and +4 
positions have been changed to G. The technique here simply 
involved forming a nicked heteroduplex circle between two of 
the mutants already in hand, p255A/4 and p255A/2. The 
mismatched nucleotide in the —3 position of the heteroduplex 
underwent correction in vivo by the bacterial DNA repair 
machinery, generating the desired double mutant. 

All of the mutants resulting from the constructions outlined 
in Fig. 2 were initially identified by the loss of the HindIll 
restriction site that had been present in the parental plasmids, 
or by the gain ofan A vall restriction site (GG?CC) immediately 
following the ATG codon. The precise structure of each mutant 
was subsequently confirmed by DNA sequence analysis. The 
relevant portions of the sequencing gels are shown in Fig. 3. 


Expression of mutant plasmids 


Synthesis of proinsulin was monitored following transfection of 
COS-1 cells!? by p255A/1 or one of the derivatives described 
above. Transfection of subconfluent cell monolayers was carried 
out using the standard CaPO,-DN A co-precipitation technique 
of Wigler et al’, as described previously”. Two days after 
transfection the cells were labelled with *°S-cysteine, lysed, and 
the insulin-related polypeptides recovered by precipitating with 
anti-insulin antibodies, all according to published procedures’. 
The product that accumulates when a cloned preproinsulin gene 
is introduced into cultured monkey cells has been reported by 
other workers to be proinsulin'***. In the present study, identifi- 


cation of the proinsulin band rests on four criteria: it is absent i 
from cells transfected with a control plasmid, p255/0, which 4 


lacks the entire insulin coding sequence; it is precipitated by 
anti-insulin antibodies but not by preimmune serum (not 
shown); it is competed by including excess nonradioactive insulin 
in the immunoprecipitation reaction (Fig. 4, lane 8); and its 
apparent molecular weight of ~9,000 corresponds approxi- 
mately to that of proinsulin. 

































a the 11-bp insert were detected initially by screening for the Bell 
4s, as lustrated in the figure) were subsequently identified by D? 
“sequentially digesting p255/2 DNA (grown in the dam™~ host È 
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| GGCCTETGAGCTATTCCAGAAGTAGTGAGGAGGCTTTITTGGAGGCCTAGGCTTTTGCAAAAAGCTTGGCTACAG 





TCGGAAACCATCAGCAAG caatatgtactctccaggataggectggcttccccagtcaagactccagggatt tgagggacacts 
| | Pami 
tgggctcttctcttacatgtaccttttgctagcctcaaccectgactatcttccagGTCATTGTTCCAACATGGCCCTGTGGATCC 
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Fig. 1 Structure of transcripts and insulin-related polypeptides. encoded by p255 and its derivatives, a, Linear representation of the parental 
plasmid p255. The segment of $V40 DNA that is included in the plasmid extends from thë Hpall site at position 346 to the Hindi! 

position 5,171, 8 bp upstream from the ATG initiator codon of T antigen. The plasmid «© contains a single HindIII site, which is at 
of SV40 and rat insulin sequences. Some of the constructions described in the text were facilitated by eliminating the BamH 
junction between rat psig and P ana in o This was done by paar: nit-I eh linear DNA molecules af 











to wild-type p255. b. cleotide a sequence MRE a a into thes insulin. coding P on in 255." ‘The DNA strand that has th e 
sense as mRNA is shown. The transcript produced by:p255 initiates near the Bgll site of SV40 and carries at its 5’ end 70-90 nu 
encoded by SV40 DNA (underlined). The. remainder of the transcript is derived from the rat insulin gene. The portion of. the rat insulin 
sequence that is retained in mature mRNA is printed in capital letters without underlining; the 119-bp intron that interrupts the 5’-noncoding 
region is shown in lower case letters. The ATG codon that normally initiates translation of r proinsulin is shown in bold face. Genesis — 
of plasmids p255/2 and p255A/1. The upper line represents a portion of the parental plasmid p255. The HindIII and BamHI si = 
identified in b. The second entry depicts p255/2, which was derived by inserting an 11-bp oligonucleotide (shown in bold face) at the ‘uniqu 
HindIII site in p255. The third entry shows the structure of p255A/1, in which the sr between the Bch and Bam HI sites s has bee 
deleted. The polypeptides encoded by each plasmid are represented by wavy lines. : 
Methods: The oligonucleotides S’-AGCTTATGATC-3’ and 5'-AGCTGATCATA-3' were custom-synthesized by PL. Biochemicals 5 
< annealed, they form a partially base-paired structure with 5'-protruding termini that are complementary to the overhangs generate 
_ DNA with HindIII. Derivative p255/2 was obtained by digesting the parental plasmid p255 with HindIII and alkaline phosphata 
by ligation with the aforementioned oligonucleotides which were Present i in STEGATCA) D 50-fold molar e EXCESS. Plasmids, tha 















oe Plasmids from which the 182-bp Bcll/ BamHI fragment had be: leeds were e initially id identified by loss of the Belt ax B i 1H os 
Sear ie restriction sites. The structure shown for p255A/1 1 was ‘subsequently confirmed by DNA sequence analysis. os 
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Resulting mutants: p255/15 (A73); p255A/3 
n255/16 (6-3); p25sa/4 


Gain Avall; loss HindIII 
p255A/7 (GTTATGG) 


Fig. 2 Construction of point mutants. In protocols a and b, gapped heteroduplex circles were formed between two plasmid DNA strands 
of slightly dissimilar lengths, analogous to the procedure described in refs 19-21. The gapped circles were then annealed with an oligonucleotide 
that was complementary to the single-stranded region except for a single mismatched nucleotide, which is starred. In scheme a, for example, 
-“Hindlll-cut p255/11 (which is identical to wild-type p255 except for loss of the BamHI site at the junction between rat genomic and pXf3 
DNA) and Smal-cut p255/2 DNA were mixed, denatured and then annealed. The resulting heteroduplex circles, illustrated at the far left 
of the figure, have a single-stranded gap at the position of the 11-bp insertion in p255/2. In schemes b and c, the DNA strand shown on the 
left side of the heteroduplexes was linearized with Smal, as in scheme a, but different nucleases (identified in the figure) were used to linearize 

the strand on the right: Recovery of the parental plasmids p255A/1 and p255A/4 was minimized in schemes b and c by using DNA from 
plasmids grown in the dam” host, E. coli $R19 (ref. 22). As shown in scheme c, the double mutant p255A/7 was obtained by forming a 
nicked heteroduplex circle between two of the mutants already in hand. Æ. coli cells were transformed with the nicked circles and repair 
occurred in vivo at the site of the mismatched nucleotide in position —3, just beyond the HindIH cut in the DNA strand derived from 
p255A/2. Each of the illustrated schemes gave only a low yield of the desired mutant; most of the ampicillin-resistant colonies were derived 
from one or the other unmodified parental plasmid. A portion of the parental-type background is attributable to the formation of gapped 
heteroduplex circles complementary to those illustrated in the figure. In scheme a, for example, the plus-strand of p255/2 and the minus-strand 
of p255/11 would form a heteroduplex, similar in structure to the one illustrated for the minus-strand of p255/2 and the plus-strand of 
p255/11. For reasons of fiscal economy, I did not include in the reaction the oligonucleotide required to complement and mutagenize the 
gapped sequence in the ‘complementary’ circle, which therefore regenerated parental-type DNA. Despite the high background of parental-type 
plasmids, the desired mutants were readily identified by the loss of the HindIII restriction site preceding the ATG codon, or by the gain of 
an Avall cleavage site following the ATG triplet. The protocol outlined in scheme a gave rise directly to mutants designated p255/15 and 
p255/16, which are identical to p255/2 (described in Fig. 1) except for the nucleotide in the —3 position. From p255/15 and p255/16, 
derivatives p255A/3 and p255A/4 were subsequently obtained by fusing the Bell site to the BamHI site, as illustrated for p255A/ 1 in Fig. Le. 
Methods: Linear DNA from two plasmids (identified in the diagrams), each cleaved with a different single-cutting restriction enzyme, was 
denatured by boiling for 1 min and then annealed (at 50 pg ml~') overnight in 20 mM Tris-HCI (pH 7.7), 150 mM NaCl and 0.2 mM EDTA, 
in a water bath that was gradually cooled from 85 °C to room temperature. The reannealed DNA was concentrated by ethanol precipitation 
and redissolved in a small volume of buffer. 1 pg of the DNA was mixed with 0.02 Aso units of the 5’~phosphorylated oligonucleotide that 
is shown, in the diagram, slightly to the right of the heteroduplex. The oligonucleotides used in schemes a and b were custom-synthesized by 
PL. Biochemicals, Inc. The DNA/oligonucleotide mixture in 100 pl of 50 mM Tris-HCl (PH 7. 6), 10 mM MgCl, and 150 mM NaCl was 
incubated at 65°C for 5 min and then held at 15°C for 16h. T, DNA ligase (4x 10° units mi~’, New England BioLabs) was present during 
the 15°C incubation, together with 1 mM ATP, 20 mM dithiothreitol and bovine serum albumin at 50 pg mi”. The ligase reaction was stopped 
by. heating ; at 65°C for 10 min. An aliquot of the reaction mixture was used directly to transform E. coli MM294, according to standard 
= procedures”? _Ampicillin-resistant colonies were picked and the DNA from 10-m! minicultures®* was screened with HindIII or Avall to 
E identify the desired mutants. 







The yield of proinsulin varied with each of the mutants tested 


= -in Fig. 4. Comparison of lanes 1-3 shows that p255A/3 synthe- 


sized ~15-fold more proinsulin than did p255A/1; the transla- 


os tional efficiency of p255A/4 fell between those two extremes. 
~~ "Fe control for possible variations in transfection efficiency from 


- plate to plate, each cell monolayer was transfected in this experi- 
ment with a mixture of two plasmids: the mutant plasmid under 
investigation (for example, p255A/1) and a previously charac- 
~ terized derivative called p255/10. The salient feature of 
= p255/10 is that it directs synthesis of an elongated form of 
- -preprainsulin, as shown in lane 6 of Fig. 4. Using the high 
-. molecular weight insulin-related polypeptide encoded by 


© p255/10 as an internal control, the amount of proinsulin pro- 


aoed by p255A/1 and each of its derivatives can be reliably 


compared. The data in Fig. 4 indicate that the mutant plasmids 
direct synthesis of proinsulin with vastly different efficiencies. 
Table 1 summarizes the sequences and the relative translational 
efficiencies of the various plasmids in the A-series. 

The targeted mutagenesis technique used in this study is 
unlikely to produce secondary mutations outside the region of 
interest. Although the oligonucleotides used for mutagenesis 
are rather short, the structure of the gapped heteroduplex circle 
precludes binding of the oligonucleotides to extraneous sites. 
Nevertheless, it seemed desirable to prove that the observed 
variations in translation were due solely to sequence differences 
around the ATG initiator codon. Towards that end, I subjected 


the low-yielding plasmid. p255A/2 to a further mutagenesis oe 
step, cleaving the DNA first with HindIII and then using $, B 
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5 ig. 3. ‘Sequence analysis of mutant 

af ‘plasmids. The gels show the sequence 
=.. of the minus-strand of a portion of 
the DNA near the start site for trans- 
lation. The first mutant in this series, 
p255A/1, is shown at the far left; for 
convenience, a portion of the plus- 
strand sequence of p255A/1 is writ- 
ten beside the minus-strand. In the 
sequences of the other mutants, 
the nucleotides that differ from 
p255A/ 1 are starred. The ATG trip- 
let or its complement is bracketed. 

Methods: The 250-bp fragment used 

for sequencing extends from the 

Ddel site in SV40 DNA (56bp 

upstream from the unique Hindili 

site shown in Fig. 16) to an EcoRI 
site in the large intron of the rat 
insulin gene. After cutting the plas- 

mid DNA with Ddel, the indented 

3’ termini were labelled by incubat- 
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ing with TTP, [a-?*P]dCTP (800 Ci mmol™*; NEN) and E. coli DNA polymerase I (Klenow fragment, New England BioLabs). The fragment 
of interest was recut with EcoRI and purified by electrophoresis through a 5% polyacrylamide gel. Sequencing was carried out by the chemical 
cleavage method of Maxam and Gilbert’? using 8% polyacrylamide gels. The gels were dried before autoradiography. 


nuclease to delete five nucleotides directly in front of the ATG 
codon; the new derivative is called p255A/6. The yield of 
proinsulin from p255A/6 was at least 15-fold greater than from 
p255A/2. Thus, inefficient expression of proinsulin by p255A/2 
can be attributed to the sequence context around the initiator 
codon rather than to a spurious second mutation elsewhere in 
the cloned gene. 


Discussion 


The experiments presented above provide the first evidence that 
sequence context influences the ability of an AUG triplet to be 
recognized as an initiator codon by eukaryotic ribosomes. 
p255A/1 and p255A/3 provide the most dramatic contrast: 
changing the nucleotide in the —3 position from C to A enhanced 
translation of rat proinsulin at least 15-fold. The approximately 
three-fold difference in translation observed between p255A/3 
and p255A/4 indicates that A functions better than G in the 
~3 position, although either purine in that position is far superior 
to cytidine. The contribution of the nucleotide in the +4 position 
is less clear, since p255A/4 and p255A/7 differed by at most 
1.5-fold in their production of proinsulin. Attempts are under- 
way to replace the purine in the +4 position with a pyrimidine, 
which might have more dramatic consequences. 

Although I have tested so far only the —3 and +4 positions, 
which are the most highly conserved positions in natural 
mRNAs’®, it seems likely that other nearby nucleotides also 
contribute. I have detected measurable differences in transla- 
tional efficiency among a number of synthetic initiation sites, 
all of which have A in the —3 position but differ in the adjacent 
nucleotides (M. K., unpublished data). Obviously a more exten- 
sive set of systematically derived point mutants is needed to 
determine the full extent of the flanking region that contributes 
toa ‘favourable’ initiation site. It also seems likely that structural 
features in mRNA apart from the environs of the AUG triplet 
can influence translational efficiency. Thus, the prediction that 
emerges from the present study must be carefully circumscribed: 
all other things being equal, translational efficiency should 
increase dramatically when a purine replaces a pyrimidine in 
the —3 position; and A in that position works considerably 
better than G. However, the experiments described here do not 
predict that any two messages with identical sequences flanking 
the initiator codon will necessarily be translated with identical 
efficiencies, since some other feature (such as the sequence 
adjacent to the cap, or the secondary structure of the message, 
or the pattern of codon usage) might differ in a way that affects 
messenger function. Defining those ancillary features is a task 
for the future. 


-. reproducible results than I was able to obtain by applying the m 


Additional experiments are also needed to determine pre- — 
cisely what happens when the migrating 40S ribosomal subunit 
encounters an AUG triplet in an unfavourable sequence con- 
text—which, for the time being, can be taken to mean a C in 
the —3 position. One possibility is that most of the 40S subunits 
detach from the message. Abortive initiation with release of 
40S subunits would account for the observed low yield of proin- 
sulin from p255A/1 and p255A/2. An alternative mechanism 
is that 40S subunits remain bound to the message and simply 
bypass an AUG triplet that occurs in an unfavourable context. 
To evaluate these two possibilities (which are not mutually 
exclusive), I have constructed plasmids with an ATG triplet 
upstream and in a different reading frame from the preproinsulin ~ 
start site, and have monitored the yield of proinsulin as a function- 
of varying the sequence around the upstream ATG triplet. Those © 
experiments are described elsewhere’’ | 

Inspection of the data in Fig. 4 reveals that p255A/3, which 
is the best of the mutants analysed in this series, directs synthesis _ 





Table 1 Relative translational efficiency of A-series mutants 





Relative 


Sequence at start of yield of 
Plasmid preproinsulin coding region proinsulin 
p255A/1 CAAAAAGCTTATGATCCG 1 
p255A/4 CAAAAAGČTTATGATCCG 5 
p255A/3 CAAAAAGATTATGATCCG 45 
p255A/2 CAAAAAGCTTATGGTCCG 141.5 
p255A/7 CAAAAAGGTTATGGTCCG 5-7.5 





The underlined sequence TGATCC in p255A/1 is the site of the © 
Bcli- BamHI fusion described in Fig. 1 legend. The HindIII recognition 
site (AAGCTT) occurs just upstream from the ATG triplet in p255A/1.. 
In the sequences shown for the other mutants, the nucleotides that differ 
from p255A/1 are starred. The yield of proinsulin from p255A/1 ha 
been set arbitrarily at 1. The relative yield of proinsulin was determin 
by running, on a single gel, serial dilutions of each sample. All sam 
could thus be quantitated from a single autoradiogram. This gave 























(undiluted) to a gel and then comparing a series of autoradiogi 
exposed for different lengths of time. 





Control+ 


Proins + 





Fig. 4 Variations in proinsulin synthesis as a function of sequence 
context around the AUG initiator codon. Lanes 1-5 show the yield 
of proinsulin from cells transfected by mutants in the A-series. 
For comparison, proinsulin synthesis in cells transfected by wild- 
type p255 is also shown (lane 7). The proinsulin band is marked 
‘Proins’, and the high molecular weight insulin-related polypeptide 
encoded by p255/10 (see text) is marked ‘Control’. The intensity 
of the control band is lower in other lanes, relative to lane 6, due 
to competition by the test plasmids. The important point, however, 
is that the intensity of the control band is constant in lanes 1-5 
(this was confirmed after prolonged exposure of the auto- 
radiogram), whereas the yield of normal-sized proinsulin varies. 
For the control shown in lane 8, excess unlabelled insulin was 
included during the incubation with antiserum, preventing precipi- 
tation of both proinsulin and the high molecular weight band 
encoded by p255/10. 

Methods: COS-1 cells were transfected®'* with a mixture of the 
control plasmid p255/10 (5 wg per plate) and 20 pg of one of the 
test plasmids indicated across the top of the figure. The sample in 
lane 6 is from cells transfected only with p255/10. Forty-eight h 
after DNA uptake, the cells were labelled for 3.5h with 355. 
cysteine (NEN, 1,000 Cimmol™'). Subsequent extraction and 
immunoprecipitation of the labelled proteins were carried out as 
described previously®. The polypeptides were fractionated on a 
i 15% polyacrylamide-SDS gel’® containing 6 M urea. 


of significantly less proinsulin than does wild-type p255. Several 

_ factors might account for this: (1) The polypeptide encoded by 
- p255A/3 and the other plasmids in the A-series lacks three 
-amino acids that are present at the amino-terminus of the natural 
form of rat preproinsulin. This difference in structure might 
- affect the intracellular processing or stability of the polypeptide. 
The difference in proinsulin yield between wild type and 


` p255A/3 persists, however, even when the proteins are analysed 


-after a very short pulse with 35§-cysteine. (2) The production 
¿and/or stability of mature mRNA might be lower in the case 
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of p255A/3 than in the case of wild-type p255. This explanation 
seems unlikely, since Lomedico and McAndrew’ detected no 
transcriptional anomalies when they perturbed the 5’ structure 
of the rat preproinsulin gene. (3) Although both the wild-type 
preproinsulin gene carried by p255 and the mutant form carried 
by p255A/3 have an A residue three nucleotides upstream from 
the ATG initiator codon, the sequences around the initiator 
codons in the two plasmids are otherwise quite dissimilar: the 
wild-type sequence is CCAACATGG, versus AGATT ATGA 
for p255A/3. I suspect that this difference underlies the more 
efficient expression of the wild-type preproinsulin gene; but that 
suspicion awaits verification. It is important to recognize that 
the conclusions drawn from this study derive not from comparing 
the wild-type gene with any of the mutants, but from comparing 
one mutant with another within the A series. 

The finding that nucleotides flanking the AUG initiator codon 
modulate translational efficiency is not unexpected. Although 
the scanning model has always emphasized the importance of 
position (that is, proximity to the 5° end of the message) in 
defining the functional initiation site, the model was recently 
revised in the light of two observations. (1) Although translation 
usually begins at the 5’-proximal AUG triplet in eukaryotic 
mRNAs, there is a growing list of exceptional cases (~5% of 
cellular mRNAs and ~10% of viral mRNAs) in which one or 
more AUG triplets occur some distance upstream from the start 
of the protein coding sequence”’®’*. Thus, eukaryotic ribo- 
somes do not always initiate at the first AUG triplet in the 
message. (2) The distribution of nucleotides flanking functional 
initiator codons in eukaryotic mRNAs shows a striking bias in 
position —3 (where A occurs in ~80% of the messages 
examined) and in position +4 (where G occurs in 40-60%). 
The nucleotide preference in positions ~1, ~2, —4 and -5 is 
less striking, but a predominance of C has been noted in those 
positions™!?. The nonrandom distribution of nucleotides sug- 
gests that the initiation machinery is not indifferent to the 
sequence context around the AUG triplet. Moreover, the 
nucleotides—most notably, a purine in the —3 position—that 
distinguish functional initiator codons rarely occur around the 
‘nonfunctional’ upstream AUG triplets in the exceptional 
mRNAs cited above. These observations were incorporated into 
a modified scanning model that emphasizes the importance of 
both position and sequence context in identifying the initiation 
site. The modified scanning model'®’* states that a 40S ribo- 
somal subunit binds initially at the 5’ end of mRNA and sub- 
sequently migrates until it reaches the first AUG triplet: if the 
first AUG triplet occurs in an optimal sequence context, all 408 
subunits stop there and that AUG serves as the unique initiator 
codon, but if the first AUG triplet occurs in a suboptimal 
sequence context, only some 40S subunits stop and initiate there, 
some bypass that site and initiate at another AUG that lies 
farther downstream. The experiments described here represent 
the first step towards defining the ‘optimal sequence context’ 
for initiation by eukaryotic ribosomes. 
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p255. This research was supported by a grant from the NIH. 
M.K. is the recipient of Research Career Development Award 
A100380. 
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The dichroism for photochemical attachment of a psoralen derivative to Mg? *-stabilized chromatin fibres is used to 
deduce the orientation of nucleosomal disks and linker DNA in the 30-nm fibre. The new technique of photochemical _ 
electric dichroism should have general applicability to problems of nucleic acid organization in cellular subunits and viruses, 





DNA in eukaryotic nuclei is packaged by folding ina hierarchical 

Series of progressively more compact structures, ranging from 
nucleosomes to the metaphase chromosome, The fundamental 
nucleosomal subunit of chromatin contains 166 base pairs (bp) 
of DNA negatively supercoiled around an octamer of histones, 
and has associated with it a single molecule of the lysine-rich 
histone H1 (ref. 1). Considerable progress has been made in 
studies of the three-dimensional structure of the nucleosomal 
core particle’, which is obtained from the nucleosome upon 
removal of histone H1 and further nuclease digestion toa DNA 
size of 146 bp. | 

Polynucleosomes in low salt concentration appear as a fibre 
about 10nm in diameter. Upon extension, an alternating 
arrangement of 166 bp nucleosomes and linker DNA segments 
becomes evident”. The linkers are of nonuniform length, up to 
80 bp in size depending on the source of the chromatin sample“. 

Monovalent ion concentrations exceeding about 50 mM , OT 
divalent ion concentrations above 0.1 mM cause the 10 nm 
fibre to fold into a more compact conformation, producing a 
fibre of about 30 nm diameter. Histone H1 is required for this 
condensation”’. The organization of the 30 nm fibre has been 
studied by X-ray diffraction’®, electron microscopy”?! ?2, 
neutron scattering'*'* and electric and flow dichroism®!5"8, 
with general agreement on a somewhat irregular solenoidal helix 
of pitch about 11 nm, diameter 30 nm, and approximately six 
nucleosomes per helical turn. Further structural details have, 
however, been elusive, and divergent models incorporating a 
‘superbead’ rather than a solenoidal structure have even been 
proposed??, 

The linear dichroism of the 30-nm fibre is sensitive to the 
orientation of linker DNA and nucleosomal disks relative to 
. the fibre axis*'**, However, since the optical dichroism is an 
average of linker and disk contributions, it has not previously 
been possible to deduce unambiguously the orientation of either 
of these structural elements. In this article we describe measure- 
ment of the photochemical dichroism for psoralen~DNA adduct 
formation in naked DNA and chromatin fibres. Since psoralen 


_ can be shown to react primarily with the linker DNA, we are 
_ able to calculate the separate dichroism contributions of linker. 


_ the fibre axis. 

Photochemical dichroism 

_ Since a photochemical reaction requires an initial electronic 

excitation event, the angular orientation of the corresponding 

transition moment can be determined by measuring the photo- 

_ chemical yield as a function of polarization direction relative to 

ý an external orientation axis. Our experiment utilizes the photo- 
chemical reaction of aminomethyltrioxsalen (AMT)”° with 

DNA or chromatin. After dark equilibration of the solution 

with *H-labelled AMT, a brief electric field pulse (0- 


~ and disk, and hence to estimate their orientations relative to 


40 kV cm™) is applied across the sample, and, with allowance _ 
for a delay time to permit orientation, the solution is flashed 


with a polarized 308-nm pulse from an excimer laser (Fig. 1). 





tive interpretation of the photodichroism experiment obliges us - 
to measure directly the relative binding to linker and nucleo- 7 
somal DNA in the isolated, Mg**-compacted chromatin fibre. 


eee ee Te 


The extent of covalent attachment of psoralen to ad jacent. 
pyrimidines is assayed by scintillation counting of the purified _ 
DNA sample. eee 

The optical arrangement with a rotatable polarizer allows us 
to use light polarized either parallel or perpendicular to the- : 
electric field direction. The photochemical yields, normalized 
for variations in the laser pulse, are Y; and Y, respectively. | ue 
The photochemical dichroism pp at field E is computed from ae 
the ratios 


Ri = YEV YE =0) 
R= Y (EVY (E =0) 
with 


3(R,-R,) 
_ 3(Ry~R,) 
Pool E) (2R,+R,) 


Measuring both parallel and perpendicular polarizations allows 
one to correct for isotropic nondichroism effects such as dissoci- 
ation of a bound chromophore in the electric field. 


Orientation of psoralen in naked DNA 


To determine the orientation of linker DNA segments in 
chromatin, it is essential that we know the orientation of the 
psoralen excitation moment relative to the local double helix , 
axis. For this purpose we incubated °H-AMT with high- 
molecular weight herring sperm DNA at a ratio of 1 AMT per 
200 bp; a single 308-nm laser pulse was sufficient to yield several 
hundred counts per minute above background from these sol- 
utions. We also measured the 266-nm optical DNA dichroism 

of the samples, and, with an increase of the AMT to DNA ratio ~. 
to 1 per 10 bp, we were able to determine the absorbance 
dichroism for psoralen intercalated into DNA. The resultssum- 
marized in Fig. 2 show that AMT photochemical dichroism = 
matches closely to both the UV dichroism of the bases, and too 
the optical dichroism of intercalated AMT. = 


We conclude that the psoralen transition moment responsible 


for photochemical reaction, and the DNA base transition =- 
moments, lie at nearly the same angle to the helix axis. This is. 












the result expected fora a-a* excitation transition lying in 
plane of an intercalated psoralen molecule. The photoche 


th 








data are not, however, sufficiently precise to distinguish 
angle of nearly 90°, anticipated for intercalation in ac 
B-form helix, from the perceptibly tilted (~75°) angle- 
for the base transition moments in short DNA fragments”. 


AMT binding in 30-nm chromatin fibre 
Even though earlier reports suggested a strong preference o 
psoralen for the chromatin linker region in nuclei2?"?3, quantita 





Chromatin samples irradiated in the presence of AMT were 
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‘Fig. Schematic representation of the photodichroism apparatus. 
A pulsed excimer laser (Lambda Physik 201) operating with xenon 
<- chloride gas mixtures was used to irradiate the samples at 308 nm. 
-The high voltage electric field is generated via a capacitative 
discharge across two platinum electrodes in a temperature jump 
-cell modified by filling the cell with an agarose gel, except for the 
cylindrical optical path between the quartz windows*”. In this way 
the entire sample can be irradiated. The high-voltage pulse was 
generated by capacitor discharge, triggering at the same time a 
<i pulse generator which, after a typical preset delay time of 10- 
100 ps (depending on the orientation time of the sample), triggers 
the laser. The intensity of each laser pulse is monitored using a 
laser intensity detector and a Tektronix storage oscilloscope. This 
“allowed us to correct for any variation in laser intensity in our 
final calculation of photochemical yields. The laser beam is polar- 

-= ized either parallel or perpendicular to the applied electric field 
by use of a rotatable UV-quality Glan Thomson prism polarizer 
used for high-power laser operations. The preset delay times 
between the electric field and the laser pulse were checked using 

a fast response photodiode and a storage oscilloscope. 


digested with micrococcal nuclease, and the resulting DNA was 
subjected to agarose gel electrophoresis (Fig. 3). Gel photo- 
-graphic negatives showing ethidium fluorescence were scanned 
to quantitate the amount of DNA in each band; careful control 
of exposure conditions is required for linear film response, which 
was monitored with control samples containing known amounts 
of DNA. Bands were excised from the gel and counted for 
-3H-AMT content. Nucleosome dimers (360 + 30 bp) contained 
- an average of 2.2 times as much 3H-AMT per base pair as found 
for nucleosomes trimmed to remove the linker. We calculate 
from this result that the 36 bp linker DNA accounts for 60+ 
10% of the AMT binding under the conditions of our experi- 
ment, and the 166-bp nucleosome accounts for the remaining 
40+10%. 


Dose/response in AMT-chromatin interaction 


Analysis of the photodichroism experiment requires that the 
~ extent of photochemical attachment of AMT to DNA be a linear 
function of the amount of radiation absorbed. Figure 4a shows 
a verification of this dependence at a ratio of 1 AMT added per 
200 bp. We also were concerned that added AMT might perturb 
chromatin structure. Figure 4b shows that the amount of 
covalent attachment is linear in amount of AMT added, as long 
as the levels of added AMT are kept below 1/25 bp. Hence 
there is no evidence for a cooperatively induced chromatin 
= structural change upon AMT binding. In addition, we found 
(data not shown) that addition of AMT to 1/ 200 bp does not 
affect the measured optical dichroism of the 30-nm fibre, either 
before or after photoreaction. 











_ Photochemical dichroism of chromatin fibres 

_ We measured the photochemical dichroism for the AMT- 
< chromatin reaction in calf thymus fibres stabilized by addition 
* of 0.5 mM Mg", in 0.1 mM Tris, 0.01 mM EDTA, pH 7.5. 


These conditions were chosen because earlier experiments 


: < showed that the chromatin fibre electrical orientation function 
> behaved in the same way as observed for fibres highly cross-linked 
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Fig. 2. Summary of the optical dichroism and the photochemical 
dichroism experiments on high molecular weight herring sperm 
DNA. O, Reduced dichroism values for herring sperm DNA ob- 
served at the wavelength of base pair absorption, 266nm. A, 
reduced dichroism values for the dark complex of AMT interca- 
lated in DNA at a ratio of AMT to base pairs of 1:10. The 
absorption changes were monitored at 311 nm where AMT has 
considerable absorption but the base pairs do not absorb. A, 
Photodichroism values obtained for the covalent attachment of 
AMT to herring sperm DNA. 

Methods: Herring sperm DNA (Sigma) was phenol extracted, 
ethanol precipitated, dissolved in 0.5 mM Tris pH 8.0, 0.05 mM 
EDTA and dialysed extensively against the same buffer. For the 
photodichroism experiment, DNA at Azgq= 0.25 was equilibrated 
with tritiated AMT in the dark in the ratio of 1 AMT moiecule 
to 200 bp. A 320 pl sample was irradiated in the dichroism cell, 
and after thorough mixing in the cell, a 200 pl aliquot was removed, 
and the DNA was ethanol precipitated in the presence of yeast 
RNA three times to eliminate any non covalently bound AMT. 
The final precipitate was dissolved in 150 pl 10mM Tris, 1 mM 
EDTA, pH 8 buffer and counted in a Packard 3320 Tri-Carb 

scintillation counter. 


to prevent electric field-induced distortion dichroism'*?*"*, 


When nondichroism effects (absorbance changes) are removed, 
it is found that field-induced orientation follows a classical 
induced dipole mechanism, with saturation of orientation at 
fields above about 10 kV cm™! (see Fig. 6). The increasingly 
negative dichroism reported by McGhee et ai.” at high fields 
may be due to field-induced distortion dichroism of the fibre, 
possibly due to use of lower Mg?” (0.1 mM) concentrations. 


Field-induced distortion is an especially difficult. problem for — 


chromatin fibres because of the large permanent dipole moment 
(1,200 D) of the nucleosome**; the experiments of McGhee et 
al®-25 do not persuasively eliminate complications due to fibre 
distortion. 

Figure 5 shows the dichroism results. The photochemical 
dichroism is substantially more negative than the optical dichro- 
ism, and is, within experimental error, constant over the range 
10kVcm™! to 17 kV cm™'. The mean of these values is ppc = 
—0.23+0.04. The nondichroism correction, measured as the 
extent of departure from unity of the quantity (2R, + R,)/3 is 
within 3% for measurements up to 15 kV cm” field strength. 
Above that field, it is of the order of ~—10%. Figure 5 also shows 
results for the optical dichroism, along with comparative values 
from our earlier studies. We confirm the value of ~().09 for the 
optical dichroism of Mg**-stabilized fibres; fully crosslinked 
fibres have positive optical dichroism (p = 0.05). 





Dichroism from nucleosome and linker 
We are now in a position to separate the dichroism contributions 
of linker and nucleosome, subject to the underlying assumption 


that photochemical reaction of AMT can occur anywhere along = 
the linker length with equal probability, and that the AMT — r 































` Micrococcal 
juclease digestion of 
hromatin fibresirradi- 
-ated in the presence of 
AMT. The chromatin 
fibres were incubated 
with AMT at a ratio of 
AMT to base pairs of 
1: 200. The irradiation 
buffer was 0.1 mM Tris, 
pH 7.5, 0.01 mM 
EDTA and 0.5 mM 
Mg** and the irradia- 
tion source for this €x- 
periment was a broad 
spectrum UV source 
generating 300-400 
mm. Following irradi- 
ation the sample was 
made upto 15 mM Tris cs E 3 
pH 7.5, 1.2 mM CaCl, 4 3 2 | 
and digested micrococ- 
cal nuclease for various times at 37 °C. The digestion products were 
proteased, phenol extracted and the resulting DNA alcohol precipi- 
tated several times before running on a 2.5% agarose gel. The 
ladder pattern in lane 2 is after 30s and lane 3 after 2 min of 
nuclease digestion. Lane 4 contains the Hinfl digest of pBR322. 
Lane 1 shows whole chromatin DNA before nuclease digestion. 
The amounts of AMT covalently bound in each band are shown in 
Table 1. 
Methods: Gel bands were cut out and the. radioactivity in each 
band measured. A negative of the ethidium fluorescence from the 
gel was scanned using a Zenith soft laser scanning densitometer 
(Biomed.) and the area under each peak. was determined as a 
proportional measure of DNA in each band. Control samples of 
known relative DNA content were used to ensure linearity of film 
response (data not shown). Quantitative comparison of these 
results leads us to the conclusion that 60% + 10% of AMT binding 
is to the linker DNA. Chromatin fibres for these and for all our 
photodichroism experiments were prepared by end staphylococ- 
cal nuclease digestion of calf thymus nucleii”. The fibres were 
fractionated by size in a 10-30% sucrose gradient i in 10 mM Tris, 
imM EDTA, 60 mM NaCl. We present data on fractions 40-80 
nucleosomes in length, or 8-16 kb. DNA, We have also determined 
the photodichroism of chromatin fibres 20-60 nucleosomes in 
length, but the results remain the same as those presented here 
and in Table 1 for fibres 40-80 nucleosomes in length. The DNA 
sizes were checked on 1% agarose gels with a Haelll digest of 
ADNA as size markers (not shown). The presence of H1 and the 
core histones were routinely checked by 15% acrylamide gels 
containing 0.1% SDS. The fibres were judged free of RNA con- 
tamination as no absorbance changes were observed after RNase 
treatment. 


transition moment is therefore cylindrically averaged about the 
linker DNA helix axis. In addition, we use the results of Fig. 2 
“to justify interchanging photochemical and UV optical dichroism 
values. 

Linker DNA constitutes 0.17 (34/ 200) of the total absorb- 
ance, and accounts for 0.6 of the AMT binding. Hence 


0.179, +0.83p, = —0.09 (1) 
0.69, + 0.4p, = —0.23 (2) 


where p, and p, are respectively the dichroism of linker and 
nucleosomal DNA; the first equation is for the optical dichroism, 
and the second for the photochemical experiment. The solution 
of these equations is p; = —0.36+0.07; pa =~0.04+ 0.03. The 
uncertainty estimates include the probable error in the fraction 
of AMT binding to the nucleosome. 


Orientation of nucleosomes and lin ra DNA 





- We assume that the 166 bp nucleosome contains an integral 


aa number of half superhelical turns of DNA. The dichroism. is 
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Fig. 4 a, Dose dependence of the covalent binding of AMT to 
the 30 nm chromatin fibre. Sample fibres 40-80 nucleosomes tong- 
(8-16 kb DNA) prepared as described in Fig. 3 were incubated at 
an AMT to base pair ratio of 1:200. Samples were irradiated with = _ 
laser pulses at 308 nm. Following irradiation each sample was 
deproteinized using proteinase Kand the DNA was alcohol precipi- 
tated several times to remove noncovalently bound psoralen. The 
amount of AMT attached covalently is shown as the ratio bound ~~ 
per base pair, b, Covalent binding of AMT to the magnesium ~~ 
stabilized chromatin fibre in 0.1mM Tris, 0.01mM EDTA, . 
0.5 mM Mg”, pH 7.5, T = 20°C, The ratio of AMT to base pairs 
was varied, but the total amount of laser irradiation at 308 nm 

was left constant for each sample. The amount of AMT covalently 

attached was determined as described earlier and is expressed as 

the ratio bound per base pair of DNA in chromatin. 





Table 1 The amount of AMT covalently bound in each band.on the | 
gel shown in Fig. 3 
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`H Amount Particle. - : 
counts of DNA Counts/ BIRO ee 
Particle (c.p.m.) (arb. units) area ADP) es 
Monomer = 4145 13.2 87 18015 
Dimer 590 4S 131 360430 
Partially 
trimmed 
monomer 565 9.3 61 150-165 
Linkerless 
dimer 64 {1 58 3105 
then closely approximated by”* 
Pa = 3/83 cos? y~ 1) i (3) 


TER y is 5 the angle formed between the fibre axis and the 


normal to the plane of the nucleosome disk (equivalent to the 


-superhelix axis of the nucleosomal DNA). We find y = 57°+3°, - 


where the uncertainty limits include allowance for possible tilting | 
of the AMT excitation moment by the same extent as found 
for the DNA base transition moments in rod-like DNA**. Our 
earlier paper details the modifications of equation (3) required — 
to account for such effects**, Stated in an alternative way, the - 
results show that the nucleosomal disk is tilted on ae b a 
33 + 3° away from the solenoid axis (Fig. 6). = 

The path of linker DNA is less certain than is the case for. 
the nucleosome. If we assume a semicircular arc for the linker, - 
the angle describing its orientation can be found from equation — 








l on _ (3). The result is y = 83° + 7°, equivalent to a tilt angle of 7°+7°. 
- In-such a model, the linker DNA local superhelix axis is thus — 
-found to be nearly perpendicular to the solenoid axis; alterna- 
tively, the plane containing the semicircular arc is tilted by only. 


7° away from the solenoid axis. Another model for. the linker ‘ 
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Fig. 5 Summary of the results of the photochemical and optical 
dichroism experiments on Mg?* stabilized chromatin fibres and 
dimethyl-suberimidate crosslinked chromatin fibres. ©, Values for 
the photochemical dichroism obtained for the AMT chromatin 
complex at different applied electric fields. T), A Optical dichroism 
of Mg?” stabilized calf thymus chromatin at different electric fields 
as determined by two sets of independent experiments. A, Optical. 
dichroism values of dimethylsuberimidate crosslinked fibres 
obtained earlier by Yabuki et al.’*. = 
Methods: ‘The error bars in photochemical dichroism data rep- 
resent 67% confidence limit on the numbers. The chromatin fibres 
“were obtained from calf thymus glands as described earlier and 
‘were stabilized in 0.5 mM Mg?*, 0.1 mM Tris, 0.01 mM EDTA, 
pH 7.5. The ratio of AMT to base pairs was 1:200. Five laser 
pulses at 308nm produced sufficient covalent attachment for 
counting each sample at a particular polarization with or without 
the electric field. The chromatin was treated as described in Fig, 
3 to measure the amount of psoralen bound, T = 20°C. 


is a straight rod. The dichroism is then closely approximated by” 
p =—3/4(3 cos? 8—1) 


where B is the angle between the rod and the solenoid axis. 
< Using p = —0.36 yields B =45° + 3°. 


_ Implications for chromatin structure 
_. Uncertainty about the topology of DNA in chromatin prevents 
- formulation of a definitive model at this time. However, our 
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Fig. 6 Schematic representation of the orientation of the nucleo- 
some disk and the linker DNA in calf thymus chromatin as deduced 
from our photodichroism work. In a, y represents the angle formed 
between the solenoid axis and the normal to the plane of the 
nucleosome disk and in b, y represents the angle between the 
linker DNA superhelix axis and the solenoid axis where the 
assumption is that the linker is a semicircular arc. In c, £ is the 
angle between the linker DNA rod and the solenoid axis where 
the linker DNA is assumed to be a rod. The solenoid axis is 
represented by the vertical line with an arrow. 


results do provide concrete values for the orientation of nucleo- 
somes and linker DNA in the fibre, allowing us to evaluate the 
compatibility of general classes of models with our observations. 
The 33° angle found for the tilt of the nucleosomal disk-faces 
relative to the solenoidal axis eliminates models in which the 
disks are either parallel® or perpendicular’ to the solenoid axis. 

Also of general significance is the substantial difference 
between linker and nucleosome dichroism. This rules out models 
in which DNA in chromatin is assumed to follow the same 
superhelical path in nucleosome and linker, with a constant 
number of base pairs per superhelical turn. Because of variations 
in linker length, the linker in such models must lose its phasing 
relative to the DNA superhelix, and must therefore occupy a 
variable position relative to the solenoid axis**. Averaged over 


- many turns, the dichroism of linker and nucleosome will be the 


same for such models. Our results clearly require that the linker 
have a special structure, or a regular position in the fibre, or 
both. Other specific models, such as the non-solenoidal twisted 
ribbon of Worcel et al.2°, can also be ruled out because. their 
predicted linker dichroism is more positive than we measured. 
Possible models are discussed systematically elsewhere”’. 
Work is currently in progress in our laboratory on the photo- 
chemical dichroism of chromatin of different linker lengths. In 
addition, we are attempting to determine the photochemical 
dichroism for DNA chain cleavage reactions in order to elucidate 
the intrinsic DNA periodicities in chromatin fibres. We expect 
the photochemical dichroism method to be applicable to many 
questions relating to the organization of nucleic acids in cellular 
subunits and viruses. 2H | 
_ This work was supported by NIH grant GM 21966 and grant 
61-582 from the Jane Coffin Childs Memorial Fund for Medical 
Research. S.M. is a fellow of the Jane Coffin Childs Memorial 
Fund for Medical Research. 
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The jet-like feature in the Crab Nebula discovered by van den 
Bergh’ shows a tubular structure of 7545 arc s with strikingly 
well-collimated sharp parallel boundaries in the recent deep 
O m1 image obtained by Gull and Fesen’. I now report detection 
of radio emission at 20 cm from this faint optical jet, in the 
Very Large Array (VLA) map obtained with a resolution of 
15x15 arc s. The radio emission is extremely faint at less than 
1% of the peak brightness within the nebula, and its detection 
was possible because of the high dynamic range in this VLA 
map. Its positional coincidence and structural similarity to the 
optical jet are remarkable. The emission at 20 cm appears to 
be nonthermal, with strong linear polarization of ~30%. 

The optical jet in the Crab Nebula was first discovered in a 
deep exposure Schmidt plate as a peculiar jet-like feature 
extending to about 100 arcs beyond the northern boundary of 
the Crab Nebula’ and is seen best in Fig. 1, which is a high 
contrast display of the image, reproduced from Gull and Fesen?. 
This jet roughly coincides with a spur in the outermost contour 
of Woltjer’s” optical continuum map of the Crab. However, this 
feature is most visible in [O m1] A 5,007 emission**. Its emission 
is sharply defined over a rectangular area of size 75 X45 arcs. 
The jet appears to be limb brightened with astonishingly straight 
edges. It is located about 3 arc min north of the pulsar, but is 
not radially aligned with the pulsar. It has low radial velocity 
150 km s™*, suggesting that it is oriented roughly in the plane 
of the sky. No radio emission has been reported from the jet 
previously because of lower dynamic range in earlier maps’, 
although there is some indication for it in the Westerbork 
Synthesis Radio Telescope (WSRT) maps at 21 and 49 cm (refs 
8, 9). 

The 20cm VLA maps of the Crab Nebula presented here 
were made from a total of 6 hours of observations in the C- 
configuration, during April 1983. A bandwidth of 12.5 MHz 
was used at 1.4 GHz. The phase centre used for the observations 
was at the position of the Crab pulsar. 3C138 and 3C147 were 
used for all calibrations including linear polarization. Data were 
analysed following usual VLA reduction procedure. All the 
maps were cleaned and restored with a beam of 15.< 15 arcs. 
A dynamic range close to about 1,000 was achieved in the final 
self-calibration map. 


Fig. 2 a, VLA map of the Crab 
Nebula at 20 cm with a resolution of 
15X15 arc s. The hatched circle rep- 
resents the size of the synthesized 
beam. The lowest and highest con- 
tours are 5 and 6,000 mJy per beam. 
Negative values are indicated by 
dashed contours. The contours 
shown are at three intensity ranges 
at intervals given within parentheses, 
as follows: 10 to 100 (5); 100 to 
1,000 (50) and 1,000 to 6,000 (500) 
mJy per beam. b, The distribution of 
linearly polarized intensity. The 
intensity and position angle of the 
E-vector of the polarized emission 
_ are indicated by the length and 
orientation of the vectors. 
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Fig. 1 Selected low level radio contours of the 20-cm VLA map o 


superimposed on the very high contrast O ni image obtained bys E 
Gull and Fesen'. The contours are 12,24,60 and 120 miy pero = 


beam. The radio peak is 6,336 mJy per beam. The cross marks: 
the pulsar. eo 


Figure 1 shows an overlay of a few low-level radio contours 7 
of the Crab Nebula superimposed on the optical O m image 
and Fig. 2 shows detailed maps of the total and polarized- 
intensities at 20 cm. The detailed structures seen in these maps 
at very low brightness levels (<50 mJy per beam) particularly _ 


over the optical jet are very remarkable, considering the pres- = 


ence of very strong emission of 1,000 to 6,000 mJy per beam = 
within the nebula. Due to small distortions in the images in Fig. 
1, it was not possible to align the optical and radio to an accura 

better than S arcs, In general, there is very good agreement 


between the optical and radio boundaries except in the north- F i 
west where the radio emission extends well beyond the nebular < 


boundary in O m. It may be noted that the O m boundary/is 
very sharp over this part of the nebula. Also, in the 20-cm VLA == 
map there is no evidence for any circumnebular radio shel - 


around the Crab, as has been suggested by the optical and X-ray" 7 


data’’''. An upper limit to the surface brightness of such a 
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‘Fig. 3. An enlargement of the jet in the VLA map at 20 cm. The 

distribution of intensity, and position angle of the linearly polarized 

“emission are represented by the vectors. The contours represent 

the distribution of the total intensity. The lowest contours is 6 mJy 
per beam and the contour interval is 6 mJy per beam. 


shell in the VLA map is ¥1.4Grz<0.6% 1077? W m~? Hz™ sr; 
the earlier estimate is Yoecr,<2%10°7° Wm? Hz‘ sr’ by 
Wilson and Weiler®. A detailed discussion of the intensity, and 
polarization structure within the nebula, as well as the circum- 
nebular emission are presented elsewhere. 

In Fig. 2, the jet is clearly seen at brightness less than 50 mJy 
per beam, which is less than 1% of the peak emission in the 
nebula. As can be seen from Fig. 25, the jet is also visible in 
the polarized intensity map. Figure 3 shows an enlargement 
giving structural details of the jet in the total and polarized 
intensities. The polarization data is noisier than the total 
intensity, possibly because of the inaccuracies in the instrumental 
polarization. The radio structure is consistent with a sharply 
bounded rectangular area of size about 75x45 arcs, which is 
the same as the optical extent. There is good agreement between 

- the overall structure of the jet in the optical and radio regions 

(Figs 1, 2). The limb brightening along its walls seen in the 
optical jet is not obvious in Fig. 3, possibly because of the lower 
‘resolution. The strong polarization of 30-50 % in Fig. 3 suggests 
“that the 20 cm emission from the jet is nonthermal. Also, there 
is some indication for the presence of the jet in the WSRT 
-. 49-cm map at a level of 850 to 1,300 mJy arc min~*, while the 
mean brightness in the VLA 20-cm map is ~480 mJy (arc 
- min) Thus the radio spectrum appears to be nonthermal with 
a rough estimate for the spectral index between 49 and 20 cm 
of the order of —0.8 or less. 

The strong polarization as well as the distribution of the 
orientation of E-vector indicates a highly ordered magnetic field 
along the nebular boundary and in the jet. Assuming a value 
-of 25 rad m™ for the Faraday rotation in the nebula close to 

< the jet® we can get some idea of the projected magnetic field 
- pattern over the jet and in the nebula. The orientation of the 
-projected magnetic field appears to be at position angles between 
0° and 20°. That is, the magnetic field is approximately along 
-the direction of the jet and there is no appreciable change in 
its orientation between the nebula and the jet. It has been 
suggested that the jet consists of some unusually high velocity 
ejecta from SN 1054 or similar, but separate explosion”. Some 
_ radio emission may be expected from the shock front associated 
~ with the ejecta. However, the observed radio structure (Fig. 3) 
- shows no evidence for any such shock front near the northern 
~ end of the jet. On the other hand, its radio surface brightness, 
< iasan ~ 7X10 Wm? Hz" sr’, limb brightening and 


_ magnetic field structure, seem to indicate that the radio emission 


originates in the interstellar matter and magnetic field swept up 
ong the walls of the jet as in the case of Kundt’s model’. It 
herefore likely that the jet may show some radial expansion. 
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Is there any other radio spur or jet present in the Crab nebula? 
An examination of the low brightness (<20 mJy per beam) 
features in Fig. 2a, suggests at least two possible cases. The 
extended features north-west and south-east along the major 
axis may not be real since the strongest sidelobes were in this 
direction. However, the broad feature (~2 arc min) along the 
northeastern boundary seems to be real; it is also noticeable in 
polarized intensity map. The presence of the feature along the 
southern boundary approximately diametrically opposite to the 
prominent northern jet is very interesting. If real, it would. 
indicate that the jets are the result of symmetric injection of 
particles from the pulsar. : 

It has been suggested that the jet is a tubular trail of material 
lost by the progenitor of the pulsar’? or a result of plasma 
instabilities near the outskirts of the nebula*’*'*. Chevalier and 
Gull* have suggested that the jet is indeed a thin gaseous sheet 
fanning radially outward from dense interior filaments. The 
sheets may be created by differential acceleration or by Ray- 
leigh-Taylor instability. In the models of Kundt’? and 
Bychkov'’, the high velocity (~0.1c) streams of relativistic 
particles from the pulsar lead to instabilities producing (1) 
‘corridors’ at the filament-plasma boundary, passing through 
the filament and out into the interstellar medium, or (2) a 
‘chimney’ caused by particles pushing against the ambient 
heavier interstellar medium. The jet in the Crab Nebula may 
be such a corridor or chimney or a tubular cavity left behind 
by the progenitor through which some plasma mixed with rela- 
tivistic particles is flowing outward. The radio structure, spec- 
trum and magnetic field pattern indicated by the polarization, 
seem consistent with the above interpretations. In that case, a 


` variation in the radio spectrum along the jet may be observable. 


Clearly, multifrequency observations with higher resolution will 
be required to understand fully the origin of such jets and their 
radio emission. 

I thank Drs Mohan Joshi and Pramesh Rao for useful com- 
ments and R. A. Fesen for the O 111 photographs. I am grateful 
to Professor M. R. Kundu for hospitality offered during the 
observations. The VLA of National Radio Astronomy Observa- 
tory is operated by Associated Universities Inc. under contract 
with NSF. 
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The cause of sunspots has long been an important, unsettled 
problem in solar physics. Biermann’ suggested that the strong 


‘magnetic field of a sunspot inhibited convection, allowing the 


sunspot to cool. Parker’, on the other hand, proposed that a 
sunspot was cooled by the generation of waves that carried 
away the thermal energy. The solar ‘constant’ has been 
measured with a daily uncertainty of about 10 parts per million 
(p.p.m.) by the Active Cavity Radiometer Irradiance Monitor 
(ACRIM) on board the Solar Maximum Mission (SMM) satel- 


lite launched in February 1980. The ACRIM has shown that 
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the solar constant changes with solar activity, showing dips of 
the order of 0.1-0.3% associated with sunspots. This discovery 
has provoked renewed attempts to understand the sunspot 
phenomenon. Two divergent views are emerging: that the miss- 
ing energy is stored in the convection zone for long periods of 
time” or that the missing energy is re-radiated fairly quickly at 
different angles by faculae*, non-spot magnetic fields that often 
accompany sunspots. The consequences are that in the first case 
an 11-yr modulation is expected in the solar output whereas in 
the second case it is not. I point out here that facular emission 
may equal the missing energy from sunspots, over a period of 
some weeks or months, suggesting that the missing energy is 
stored by being converted from kinetic into magnetic energy 
after which it decays back into thermal energy in the faculae. 

The problem with the Oster model of facular re-radiation is 
that for some sunspots, most notably those seen in April 1980, 
no substantial facular area was associated with these regions. 
To see the magnitude of the problem we need only look at the 
irradiance deficit associated with the April 1980 disk passage 
of active region, Boulder number 2370/2372, which was respon- 
sible for an irradiance drop of about 0.16% at maximum. Assum- 
ing a triangular form for the time-dependent irradiance deficit, 
we have an energy deficit of (~1.2x 10% ergs"! x 12 days) = 
1.2 x 10°° erg. Because there was no significant facular presence 
associated with this active region, we are forced to conclude 
that much of this energy was stored in the Sun. 

We know that large sunspots decay over a period of days, 
weeks or even months, producing large facular regions ( showing 
as bright plage in the chromosphere). Willson et al” have already 
suggested that faculae may later re-radiate the energy that was 
blocked by sunspots. If this is true it implies that the missing 
energy is stored in some fashion in the magnetic fields of the 
active region. I now present evidence that this may indeed be 
the case and briefly discuss the implication for the nature of 
sunspots and magnetic fields in solar active regions. 

In addition to the arguments presented by Oster, Schatten 
and Sofia*, based primarily on statistical models, the following 
approximate calculation is offered. The fractional flux change 
due to sunspots or faculae can be written as AF /Fo = 
fo (4I/ lo) cos 0 dw, where 8 and w are the heliocentric and the 
azimuthal angles as seen from the Earth. 

Let us assume that 


Al | 
7 = const. = —().5 (1) 
and 
Al : 
7 = ble ! a) (2) 


for sunspots and faculae, respectively®, where a and b are 
empirically determined constants and u =cos 6. Then for sun- 
spots we have that AF/F = w(Al/I) = —0.5 x, and for faculae 
we have AF/F = wb (a =1). If we let b=(0.03, then AF/F = 
0.03 7r. Thus, we see that, per unit area, faculae could re-radiate 
6% of the energy blocked by sunspots. 

Independent evidence has shown that the facular magnetic 
flux density is 1,500-1,800 G or about half of that in a typical, 
_ large sunspot. If we assume that the sunspot and facular region 
form a bipole, then the magnetic flux in the sunspot must be 
equal in magnitude to that in the facular region, suggesting that 
faculae have about twice the area of their associated sunspots. 
Thus, faculae, per unit time, can radiate as much as 2X6% = 
12% of the missing flux of a sunspot. Therefore, if faculae can 
last as much as (0.12)~’ times longer than the sunspot we might 
have a balance in the total energy. According to Allen’ the 
typical lifetime of sunspots is 6-11 days, whereas for plage (the 
chromospheric manifestation of magnetic fields) the lifetime is 


about 43 days. Thus, the ratio of lifetimes is 4-8. Foukal® found — 


a value of 83 days for the lifetime of an active region. Harvey” 
determined 90 days for the average lifetime of active regions 
from He 1 10830 spectroheliograms. The point is that, based on 
simple models, faculae can radiate from half to all of the energy 
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-of 0.0092 + 0.0014 (t=6.5). (It must be emphasized that this 
















blocked by sunspots. It should be emphasized that 
radiation is not immediate but has a delay of some days be 
the maximum area of the sunspots and the maximum are: 
the faculae. ae 

The fluctuations in the ACRIM data have been compare 
with simple models for facula and sunspot irradiance variat 
The models are g 


PSI=—C,A, (3u +2) 


and 





PFI =C Ap (u - 37 +2) 


where PSI is a photometric sunspot index, PFI is a photome 
facular index and C, and C, are empirically determined con- 
stants. These indices represent changes in solar irradiance in _ 
p.p.m. if the areas of spots and plage (A, and A,) are expressed _ 
in millionths of a hemisphere. In this form, Hudson’s PSI would | 
require a value of 0.164 for C, (ref. 5). The form of equation | 
(3) is like that of Hudson’s PSI. The value of PFI goes to zero 
at disk centre (p =cos 6 = 1). Cees 

We have selectively examined several periods in 1980 when | 
the ACRIM showed very low and very high levels of solar _ 
irradiance. The time periods were day of year 98-111, 130-142, | 
147 and 199-214. For these 35 days of data the extreme ACRIM _ 
data values were 1,369.34 to 1,366.28 W m~?, Se 

A multiple regression was carried out with C,=0.109 and 
C, = 0.0388 in equations (3) and (4) of the form: o 


AACRIM= A+B PSI+C PFI (5) 


where AACRIM = (ACRIM/ 1,368.24 —1) 10°. The quantity — 
AACRIM expressed the fluctuation in solar irradiance in ppm. 
from the 1980 average value. . 

The values obtained for the multiple regression coefficients- 
are A = 261, B = 1.3075 and C =0.6725. The multiple correla- _ : 
tion coefficient R was 0.937 and the standard error of estimate — 
was 220 p.p.m. Linear regressions between any two of the three 5 
data sets gave lower correlation coefficients. More importantly, 
the values of the two multiple regression coefficients A and Bo 
do not differ from unity by as much as a factor of two, andare- 
not more than about a factor of two from each other, implying — 
that facular emission cannot be ignored. re 

If we use the results of the above regression to redetermine 
the coefficients in equations (3) and (4) we find that C,=0.143 .- 
and C, = 0.0261. 

The areas and positions for the spots and faculae used in 
equation (5) were obtained from the Solar Geophysical Data 
Bulletin. The results of equation (5) suggest that both faculae 3 
and sunspots are needed for a good fit. Circular shape of facular — 
(or plage) regions leads to a value for Cp of (4/7) X 0.03 = 0.04. 
If we assume a filling factor for faculae, in a plage, of 0.10 (ref. 
10), this value of C, is consistent with the value assumed in a 
equation (10) by Chapman, which referred to an individual 
facula. | 

A more recent analysis (G.A.C. and A. D. Meyer, in prepar- 
ation), referring to 45 active regions, observed by the Extreme E 
Limb Photometer (ELP)°, gives a value for C, in equation (4). 








value corresponds to the area of the calcium plage in millionths 
of a hemisphere.) The value of C,=0.164+0.0083 (t=12.8), 
The data have not been modified by bolometric corrections, 

because they are approximately equal and opposite to correc- 
tions for stray light. E 
Calculating the energy balance of faculae and sunspots, we oe 
have the time-averaged flux deficit of sunspots, 8 
l 1 Pe 

(=) =2r | (PSI) du = —47C,A, (6) 

F J/s 6 4 


and the time-averaged excess of faculae, 


AF : 
(=) =27 Í (PFI) dp =3aC,A, — 
F Ji ô 





‘The ratio of these two quantities is (AF/F),/(AF/F),=1.4, 
where we have taken A,/A,~ 25 (ref. 11). This result even 
more strongly suggests that there is an energy balance between 
sunspots and faculae. 

Thus, photometric observations, obtained with the ELP, sup- 
port the view that faculae can, on the average, radiate away the 
deficit flux associated with sunspots. This conclusion must be 
checked by further observations as well as by further com- 
parisons with satellite irradiance monitors. 

If energy balance exists between sunspots and faculae on a 

time scale of months, one would not expect to see an 11-yr 
‘modulation in the solar output due to active regions. If an 1 1-yr 
“variation is observed, it will imply that there are global causes 
of solar variance, perhaps changes in convective efficiency’’. 
_ If energy balance exists between sunspots and faculae as is 
argued here, where is the energy stored, since facular regions 
outlast sunspots by a large factor of 8-14 (ref. 7)? It is difficult 
to avoid the conclusion that the energy must be stored in the 
magnetic fields of the active region itself. Since it is hard to 
‘imagine how the magnetic fields could store thermal energy, we 
‘suggest that the energy is stored as magnetic energy. This idea 
“has already been proposed by P. R. Wilson (personal communi- 
cation and refs 13, 14) and, perhaps, others. 

A sunspot is the result of conversion of kinetic into magnetic 
-energy and the faculae are the liberation of this energy back 
‘into thermal energy. Stenflo has suggested that faculae may be 
“heated by resistive dissipation’’. For the scale of faculae or 
filigree, classical resistivity is too low and we must invoke some 
form of anomalous resistivity. Work on solar flares gives 
examples of these processes (see ref. 16 for a recent review). 

For the phase of the radiative disturbance to agree with the 
generation of magnetic fields, the diameter and flux of a sunspot 
flux tube must reach a maximum within a few days and sub- 
sequent conversion of kinetic to magnetic energy must result in 
growth of the length of the flux tube. 

The depth of the flux tube of an active region can be estimated 
from the separation rate of the leader and follower poles. The 
separation rate of the leader and follower poles’’ is 0.2 kms”. 
Assuming a growth time of 45 days, this separation rate results 
in a maximum depth of ~0.5 Rọ. This large depth suggests that 
sunspots are very deep phenomena transversing the entire depth 
of the convection zone. The energy to drive this ‘engine’ may 
come from organized motions such as the torsional oscillator’®. 
A more realistic scenario might be the concurrent generation 
and destruction of magnetic fields, as facular regions are often 
observed to develop around large sunspots shortly after their 
appearance. 
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r gravity modes as a 
test of turbulent diffusion mixing 


G. Berthomieu, J. Provost & E. Schatzman 


Observatoire de Nice, B.P. 139, Q6003 Nice Cedex, France 
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The Stanford group’ has recently detected solar global oscilla- 
tions in the range 160-370 min and interpreted them as internal 
gravity modes of degree |= 1 and | =2. Other observations” 
also indicate the existence of low-degree solar gravity modes. 
Whereas the high-degree 5-min oscillations are sensitive to the 
properties of the convective zone essentially, the low-frequency 
modes (gravity modes) are sensitive to the physical conditions 
in the solar core. Other constraints on the solar core are given 
by the observed value of the neutrino flux, which is lower than 
the flux predicted by the standard models, and by the splitting 
of the low-degree 5-min oscillations. As far as the neutrino flux 
is concerned, a possibility to reduce it has been explored by 
Schatzman and Maeder* by introducing a turbulent diffusion 
mixing. In this paper we study the influence of such mixing on 
the periods of low-degree | gravity modes, which do not present 
the difficulties of the high-degree gravity modes”. We find that 
these periods depend strongly on the pseudo-Reynolds num- 
ber*, and we derive the range of this parameter compatible 
with the recent observational results. 

The basic assumption of Schatzman and Maeder is that some 
sort of marginal instability generates turbulence. The turbulent 
transport flattens the distribution of the elements in the solar 
core, modifies the usual balance between the various nuclear 
processes and leads to a reduction of the central temperature. 
The turbulent diffusion coefficient is assumed to be given by the 
law D,= R*v, where v is the molecular viscosity and R* the 
pseudo-Reynolds number. Models with different values of R? 
have been computed by Schatzman and Maeder and their 
properties relative to the neutrino flux and solar surface abund- 
ances of different chemical elements are discussed in ref. 4. 

The low-frequency gravity modes can be studied with an 
asymptotic method, For a solar-type model with an inner 
radiative zone and a convective envelope the periods are given 
at the lowest order by: 





Po ( l -) 
P = meee | YO (1) 
VICi+1) 2 4 
with 
27 | 
Pw 
Q s . (2) 
— dx 
ọ £ 


where N is the Brant-Väissälä frequency, x, the limit between 
the radiative interior and the convective envelope, k is the 
number of radial nodes. This asymptotic formula is derived for 
the low degree and high radial order modes, and neglecting the 
perturbation of the gravitational potential (Cowling approxima- 
tion). Equation (1) implies that low frequency gravity modes 
with a given l have equidistant periods. The spacing period Po 
depends only on the Brunt~Vaissala4 frequency N in the inner 
radiative zone. This expresses the fact that g-modes are driven 
by the buoyancy force which is locally measured by N. In fact, 
a more realistic solar model has an external radiative zone, and 
the phase factor (1/2-1/4) in equation (1) should be modified 
by a small amount which can be estimated of the order of 
1077-5107? for small | k<50 and assuming an effective 
surface polytropic index of three. This correction remains small 
except when there is a resonance between g-modes associated 
with the two radiative zones’. Such a resonance does not occur 
for the range of periods we have considered here, since the 
periods of g-modes associated to the external radiative zone are 
much larger. Py has been calculated for the three models of 
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Fig. 1 Square of Brunt-Vaissala frequency plotted against radius 
for the three models, «=R F = 0; ——R* = 100;~--- R* = 200. 
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Fig. 2 Periods of gravity modes multiplied ‘by VIG+1) plotted 
against k +1/2~1/4 (k is the radial order and / the degree) for 
the two models R¥=0 and R*= 100. Note that for sufficiently 
high radial order, the asymptotic relation is a good approximation. 


Schatzman and Maeder with a chemical composition hydrogen, 
X = 0.73; heavy elements, Z = 0.02; their main characteristics 


and the periods P, are given in Table 1. From Table 1 it appears — 


that increasing values of R? correspond both to a decrease of 
the neutrino flux and to an increase of the spacing period Pp. 
As a consequence of the diffusion, the temperature gradient 


__ Increases, the gradient of the mean molecular weight decreases _ 
_ due to the flattening of the hydrogen distribution and to the 
enlargement of the *He peak. Thus. the Brunt—Vaissala — 


frequency decreases as can be seen in Fig. 1 where its values 
have been plotted versus the radius for the three models R* = 0, 
100, 200. | | | 

As the asymptotic formula has been derived at the limit of 


very low frequencies and with some assumptions concerning the. 


‘model and the oscillations, we have tested its validity by calculat- 
ing numerically the periods of the linear adiabatic gravity modes 
with /=1, 2, 3, 4 and radial order k =2,.. „+ 40 for the two 
models R¥ =0 and RŽ = 100. The perturbation of gravitational 
potential is taken into account. The results are plotted in Fig. 
_2. For each model and for sufficiently high values of k (k >10 


___ or 15) the points are distributed along a straight line. This means 
_ that the behaviour of the oscillations of a realistic model is. 
` ` good agreement with the asymptotic formula. The slope of the — 
_. . line gives another estimation of P): PŽ. Restricting to the modes- 
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eee: Data shown are luminosity, radius, neutrino flux and 


. corresponding values Py, 


model will vary with Re according to the same law. We then 


the effects of chemical composition changes. A variatio 
‘Spacing period relative to the initial abundances of hyd 
and heavy elements Z can be roughly derived from 
models of Iben et al." and Christensen-Dalsgaard 













Table 1 Characteristic properties of the three models of 
and Maeder A ou 













logR/Ro N,(sNU) Py i 

0.0028 11,96 34,3 33 
- —0.0136 2,33 52 oS 
0.0202 1,43 5870 


log L/L 
0 0.045 

100 0.007 

200 -0.006 










of the spacing period Po, given by equation (2) and th > 


Table 2 Estimated spacing periods P, for mode 
solar abundances 





Model X 


Iben et al, 1976 
Model | 
Model I 
Model IH 
Christensen-Dalsgaard 
et al., 1979 
Model A 0.73 0.02 
Model B 0.81 
Model C 0.84 


0.817 0.01 Ag EE 3e 
0.744 0.02 10.30 AES Sa 
0.6745 0.03 QA Pee 23y 


with k > 20 we obtain by a least-square analysis: 
PŠ = 34.4 min with o = 0.2 min for model R*=0 
P% = 52.5 min with o =0.15 min for model R*¥ = 100 


o being the root-mean square difference between computed. 
periods and their asymptotic approximations. These values of = 
P% are in approximate agreement with the values of Py derived 
from the equation (2) which are given in Table 1. This agreement. 
shows that neglecting the perturbation of the gravitational 
potential has little influence on the value of Py. The three solar 
models do not. have exactly the standard solar radius. This has : 
been taken into account by multiplying the values obtained for. 
Po by a factor (R/Re) ™?. The renormalized values P, of P, : 
are given in the last column of Table 1. ULL 
A relation between the values of the spacing period Py and 
the value of the corresponding pseudo-Reynolds number of the 
turbulent diffusion can be derived by an interpolation formula. _ l 
An analytical study of the diffusion equation leads to an eigen- o 
value problem. It turns out that the departure from the zero- 
diffusion model varies by (1—exp(R* (v).t*/L”), where t* dS 
the age of the star, (v) an average of the kinematic viscosity 
and L some characteristic length which includes the solution of 
the eigenvalue problem. As this latter quantity varies with the 
gradient of the density, the departure from the zero-diffusion 















write, | j 


where a and b are r-dependent coefficients which will be derive 
from the models. We shall assume by a simple dimensiona 
analysis that it is legitimate to write for the spacing period ‘P, 
an interpolation formula of the same kind, pee 


(Byr)? i (P O.Rt=0) ° =—A(1—e aes) 


With the values calculated for Py, Py 199 and Py 200 given it 
Table 1 we obtain: A = 6.34 x 10~* min~?, B = 1.87 10-2. Th 
variation of Py according to this law is given in Fig. 3. We nots 
that for R?<100 the variation of P, is almost linear wi 

slope of the order of dP)/dR* ~ 0.2 min. oh 


__ Itis interesting to compare the effects of diffusive mixin 
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a -Fig:3 Variation of the spacing period P, relatively to the pseudo- 
= Reynolds number Rf. Dashed lines indicate observed values. 


-these models, the neutrino flux N, and the period Po estimated 
- from the published values of the periods of the g-modes are 
-reported in Table 2. These results show that a variation of the 
-initial abundances which lowers the neutrino flux increases the 
_ value of the spacing period, but in a weaker way than a variation 
of RŽ, since a chemical variation which reduces the neutrino 
-flux by a factor 2.5 increases the period of about 2 or 3 mn 
-while a mixing which reduces the neutrino flux by 2.6 (Rž = 50) 

-increases Po of about 10 mn. 

The interpretation of the observations by the Stanford group 
© gives a period spacing Po of 38.6+0.5 min. From the Solar 
~ Maximum Mission/ ACRIM (Active Cavity Radiometer Irradi- 

ance Monitor) data with frequencies greater than 40 Hz, 

Froehlich et al. derived a period spacing of 38.9 min. However, 
applying a statistical method to a larger range of data (down to 

10 Hz), they do not obtain a single period spacing but indica- 
tions of a rather high Po (ref. 22). With periods Po of the order 
of 34-36 min, standard models do not fit these results. The 
-period Po of some low Z and low helium models are closer to 
the observed values but these models have a convective zone 
too shallow to be compatible with the p-modes eigenfrequencies 
of high and low degreet™*?. Our results show that turbulent 
diffusion-mixed models with quite moderate values of the 
pseudo-Reynolds number (R*~25) are able to give the 
observed periods. Let us see now how such models are 
compatible with the other constraints. 

A solar model must nowadays satisfy an increasing number 
of constraints. The present investigation has been carried under 
the assumption that a consistent solar model can be built with 
just one more assumption: the presence of turbulent diffusion. 
A recent discussion of the generation of turbulence by shear 
` flow in rotating stars’? suggests a time-dependent turbulent 


- diffusion, and it is quite clear that complete time dependent 


- solar models should be studied. As a first approximation we 
© have assumed that the extra assumption mentioned above is a 
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asymptotic analysis that it is multiplied by about a factor 5/3 
from R*=0 to Rž = 100. This is in agreement with the results 
of Ulrich et al’! which used a mixed model built with the 
hydrogen distribution given by Schatzman and Maeder for R = 
100, and they found a splitting too large to account for the 
observations. However, for R*¥ = 25, the factor is reduced to 
1.17 which means that the splitting is not much modified by 
such moderate diffusion. | | 

The surface abundance of *He, *He/*He = 5 x 10~“* according 
to Geiss and Reeves?” has to be split into two parts, one coming 


from the formation of *He from initial °D, the other one carried _ 


by turbulent diffusion from the “He peak in the solar interior. 
With the present estimates of °D (ref. 18) the “He abundance 
provided by turbulent diffusion mixing is of the order of 
(3He/*He) =~ 310+, which implies a maximum value of RŽ 
of the order of 40. Then comes the question of the lithium 
depletion. The convective zone needed to account for the 
properties of the high-frequency oscillations has a depth of about 
200,000 km, corresponding to a temperature of the order of 
7.15% 10°K. The lithium burning region at T ~ 2.5 x 10° K sits 
in a depth of about 230,000 km. A simple model of turbulent 
mixing from T = 2.15 X 10° K to T = 2.5 x 10° K leads to a value 
of R* of about 40 (with vmo ™~ 15). A slight penetration of the 
convection? of about one tenth of the scale height leads to a 
value of R* of the order of 25. 

The neutrino flux produced by a model with Rf of the order 
of 25 is about 0.6 times the flux produced by the standard model. 
This is still too large even if the comparison with other standard 
models!*:?° with a lower N, suggests that it is possible to reduce 
the flux significantly. Thus it seems difficult to bring this flux to 
the level of the last value of Davis”, N, =2.2+0.4SNU. It is 
quite clear from these numbers that the simple model with R? 
constant throughout the whole Sun seems to present a contradic- 
tion between values of R* derived from the neutrino flux and 
from the oscillations. 

The value of R* derived from the period spacing of the 
g-modes, R* = 25, seems to be compatible with the other con- 
straints, except the constraint on the neutrino flux. It should be 
borne in mind however that an actual model is not an exact 
model, that all its characteristics should be adjusted to fit the 
different constraints and that a more sophisticated treatment of 
turbulent diffusion should be used. The main conclusion is that 
the model with zero diffusion mixing does not seem to fit the 
present interpretations of the observations of low-frequency 
oscillations (g-modes) whereas a model with moderate diffusion 
mixing and the proper chemical composition seems to fulfil the 
g-modes, the *He surface abundance and the "Li depletion and 
is compatible with the high-frequency oscillations constraints. 

We thank P. Delache for stimulating discussion and communi- 
cation of results prior to publication, A. Maeder for providing 
the solar models and D. Gough for critical comments on the 
manuscript. 


Received 10 October; accepted 28 November 1983. 


i. Delache, P. & Scherrer, P. Nature 306, 651-654 (1983). 

2. Van der Raay, H. B. Oscillations as a Probe of the Sun’s interior (European Study 
Conference, Catania, 1983). 

_ Froelich, C. & Delache, P. Oscillations as a Probe of the Sun's Interior (European Study 
Conference, Catania, 4983}. . 

4. Schatzman, E. & Maeder, A. Astr. Astrophys. 96, 1-16 (1981); Nature 290, 683-686 (1981). 

5, Gough, D. O, Pleins Feux sur la Physique Solaire (ed. Rösch, J.) (CNRS, 1978). 

6. Tassoul, M. & Tassoul, J. L. Ann, Astrophys. 31, 251-256 (1968). 

7 

8 

9 


Nad 


. Tassoul, M., Astrophys. J. Suppl, Ser. 43, 469-490 (1980). 

. Iben, L & Mahaffy, J. Astrophys. J. 209, L.39-L43 (1976). 

. Christensen-Dalsgaard, J., Gough, D. O, & Morgan, J. G, Astr, Astrophys. 73, 121-128 
(1979). . 


10. Christensen-Dalsgaard, J. & Gough, D. O. Nature 288, 544-547 (1980). 


11. Ulrich, R. K. & Rhodes, E. J, Astrophys. J. 265, 551-563 (1983). 

12. Gough, D. O. Nature 302, 18 (1983). 

13. Zahn, J. P. Astrophysical Processes in Upper Main Sequence Stars (eds Cox, A. N., Vanclair, 
S. & Zahn, J. P.) 253-329 (13th Advanced Course Swiss Society of Astronomy and 
Astrophysics, SAAS-FEE, 1983). 

14. Ulrich, R. K. & Rhodes, E. J. Astrophys. J. 218, 521-529 (1977). 

15. Berthomieu, G. et al, Lect, Not. Phys. 128, 307-312 (1980). 

16. Lubow, S. H., Rhodes, E. J. & Ulrich, R. K. Lect. Not. Phys. 125, 300-306 (1980). 

17. Geiss, J, & Reeves, H. Asir. Astrophys. 18, 126-132 (1972). 

18. Peimbert, M. Proc. Workshop on Primordial Helium and Related Light Elements, Garching 
(European Space Observatory, 1983). 

19. Bahcall, J. N., Huebner, W. F., Lubow, S. H., Parker, P. D. & Ulrich, R. K. Rev, mod, 
Phys. 84, 767-799 (1982). 














NAANA Tiirinen mnan napay y dirii ahiran TT TTT 











L, 308 15 MARCH 1984 









n-Dalsgaard; J. Mon, Not. R. astr. Soc. 199, 735-761 (1982), 
is, R. Jr- Proc. Brookhaven Solar Neutrino Conf. Vol. 1 (BNL 50879, 1978). 
hlich; ©. & Delache Ph. Proc. Solar Seismology from Space, Snowmass 1983 (Jet 


P opulsion Laboratory, Pasadena, 1984). 














First known EL5 chondrite— 
evidence for dual genetic 
sequence for enstatite chondrites 
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The enstatite chondrites form two compositionally distinct 
groups—the EH and EL chondrites—and four petrologic types 

_ {types 3-6), where each type represents increasing degrees of 
metamorphic alteration’. Prior to the recovery of the Antarctic 

meteorite Reckling Peak A80259, the subject of the present 
report, all known EL chondrites were petrologic type 6, whereas 
all known EH chondrites were types 3-5, It has long been 
appreciated that the variations in bulk composition preclude a 
simple conversion of EH4 material into EL6 material’. 
However, complex models involving simultaneous variations in 
bulk composition and petrologic type have been discussed t58? 
and may be implied by other classification schemes in common 
use; that of Anders-Keil (type I-intermediate-type II) and that 
of Van Schmus and Wood (E3-E4-E5-E6). We report here the 
discovery of the first EL5 chondrite. An ELS breaks the EH3,4- 
EH5-EL6 sequence, and indicates that the enstatite chondrites 
constitute two discrete, isochemical metamorphic sequences, 
EH3-5 and EL5-6. 

The enstatite chondrites are a small (25-member) class. of 
meteorites which formed in a uniquely reducing environment. 
As a consequence, they contain many terrestrially unknown 
minerals, such as niningerite ( (Mg,Fe)S), and Si-bearing metal. 
They are extremely heterogeneous and show large variations in 
their bulk composition; sulphur and other chalcophile elements 
vary by a factor of three and iron and the other siderophiles 
vary by a factor of approximately two. They also differ from 
each other in the extent to which they have suffered metamorph- 
ism; some are only slightly recrystallized while others are highly 
recrystallized, possess coarse textures and have experienced 
complete obliteration of primary structures. such as chon- 
drules*®. When these characteristics were first described, it 
seemed as though there was a single sequence of enstatite 
ee a e ig 
* Present address: Institute of Geophysics and Planetary Physics, University of California at 
Los Angeles, Los Angeles, California 90024, USA. 








Enstatite 





No. of grains 16 
SiO, 59.4 | Si 
ALO, 0.19 Ni 
FeO | 0.37 Co 
MgO 39.9 P 
CaO 0.69 Fe 
MnO <0.08 Mg 
Total 100.55 Ca 
End member Fsy 5Wo, > Mn 
| Cr 
Ti 
Zn 








Table 2 Mineral compositions (wt %) in Reckling Peak A80259 












Enstatite 





Plagioclase 4 
Kamacite 10 ae 
_Limonite 288) 5.8% 
Troilite = 10): os; 
Niningerite — eae 
Schreibersite <O1 0. 
Total i 


Points counted 
Area analysed (mm?) 






chondrites. At one end of the sequence were meteorites which | 
Anders* and Keil® termed type I, with high siderophile element _ 
abundances and with textures displaying small amounts of _ 
recrystallization.. These graded through two intermediate _ 
meteorites (St Sauveur and. St Marks) to type Il, with low | 
siderophile element abundances and highly recrystallized tex- 
tures. The situation was apparently very different from the _ 
ordinary chondrite case, where textural variations occur in each 
of the three coherent chemical groups. uta ae 
In 1967 Van Schmus and Wood! introduced a highly success- 
ful two-dimensional grid scheme for classifying meteorites in _ 
which bulk composition constitutes one dimension and extent 
of metamorphic alteration (petrologic type) constitutes the 
other. Keil’s type I, intermediate type and type II are equivalent. 
to E4, ES and E6 in this scheme, even though the E class thus 
defined is not isochemical. Sears et al. suggested that the E class a 
actually comprises two isochemical classes, EH and EL, and _ 
emphasized that the EH and EL chondrites were not simply 
related by the sequence EH4-EH5-EH6. The discovery of an 
EL5 chondrite now provides strong evidence that the enstatite 
chondrites are not a single genetic sequence. oe 
The Reckling Peak A80259 meteorite is a highly weathered, _ 
20.2 g stone which was found in the Antarctic during the 1980- ae 
81 summer season. B. Mason originally classified it as an ES 
chondrite’®, We have carried out a detailed petrologic examin- = 
ation of the meteorite using the library section at the Smith- 
sonian Institution, and we have performed a bulk analysis using 
neutron activation analysis. Modal analyses (Table 1) weremade _ 
microscopically, using an automated point counter; mineral 
vol. % was converted into wt % using estimated mineral 
densities. Mineral compositions (Table 2) were determined with 
an electron microprobe using crystal spectrometers and follow- 
ing standard Bence-Albee and ZAF correction procedures; 
Cobalt was determined in Fe,Ni metal after subtracting the 
contribution of the Fe Kg peak from Co K,. Two 150 mg 
fragments of Reckling Peak A80259 were analysed by instru- 
mental neutron activation analysis, along with two other _ 
enstatite chondrites and a variety of primary synthetic and — 
secondary standards. The data reported here were gathered’ n 
in four irradiations with duplicate chips always being run in: 
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separate irradiations. Irradiations were performed at the Uni- 
versity of Missouri research reactor and samples were counted 
for various times over a period of 6 weeks. 

= Reckling Peak A80259 consists predominantly of enstatite, 
kamacite and troilite, with minor plagioclase and accessory 
niningerite and schreibersite (Table 1). It contains approxi- 
‘mately 12 vol.% radial, barred and porphyritic pyroxene chon- 
drules, 980-1,600 um in apparent diameter. Chondrule textures 
are recrystallized but readily delineated. Euhedral enstatite 
grains exhibit highly undulose extinction and range in size from 
15 to 375 pm. They occur in kamacite- and/or troilite-rich areas 
and in apparently recrystallized areas surrounded by anhedral 
enstatite and plagioclase. Approximately 90% of the enstatite 
exhibits parallel extinction under crossed polarizers and, hence, 
is probably orthorhombic, Because clinoenstatite may also 
exhibit parallel extinction under certain crystal orientations, the 
actual abundance of clinoenstatite is somewhat greater than 
10%. Plagioclase occurs as very small (<2 pm) grains, inter- 
stitial to euhedral enstatites. Plagioclase volatilized very rapidly 
under electron bombardment and was impossible to analyse 
with the microprobe. Kamacite occurs interstitial to silicates 
“and troilite and as round globules, 30-110 um is apparent 
diameter. Much of the kamacite has been replaced by limonite, 
-a terrestrial weathering product that constitutes 28 wt% of the 
meteorite. 

The high CaO and low MnO content of enstatite in Reckling 
-Peak A80259 (Table 2) is similar to type 6 enstatite chondrites, 
although Abee (petrologic type 4) and St Sauveur (type 5) also 


i + 


contain enstatite with low MnO (6). Enstatite FeO content in 
“Reckling A80259 is most similar to the two type 5 chondrites 
and is intermediate between that of type 4 and type 6 meteorites. 
“The predominance of orthoenstatite and presence of 210% 
clinoenstatite is most similar to that of St Marks (type 5)°. (Type 
6 chondrites contain almost entirely orthopyroxene and type 4 
enstatite chondrites contain abundant clinopyroxene.) The 
kamacite Si content of Reckling Peak A80259 (2.1 wt%) is 
„greater than that of type 6 chondrites (1.3 wt%) and less than 
that of type 4 or 5 chondrites (3.2 wt%)°. The presence of 
-niningerite and absence of ferroan alabandite in Reckling Peak 
~ ‘480359 is a characteristic shared by the type 4 and 5 chondrites’. 
Some of the mineralogical characteristics of Reckling Peak 
-~ A80259 are intermediate between type 4-5 and 6, but the 
-absence of any large grains of plagioclase and the recrystallized, 
but readily delineated texture of the chondrules, unequivocally 
indicate type 5. Thus, the petrographic, mineralogical and crys- 
tallographic characteristics of Reckling Peak A80259 indicate 
that it is the third known type 5 enstatite chondrite. 

The results of our determination of the bulk composition of 
the meteorite are presented in Fig. 1. In the same irradiation 
as that of Reckling Peak A80259 we analysed four samples of 

‘the Allende meteorite and found excellent agreement with 
literature values. Also shown in Fig. 1 are the mean compositions 
of the EH and EL groups, as calculated from the data compila- 
tions of Baedecker and Wasson’? and Sears et al.?, the composi- 

` tions of the two previously known type 5 enstatite chondrites 
(St Marks and St Sauveur), and two other enstatite chondrites 


~ (Qingzhen and Allan Hills A77295) which were analysed at the 


same time and with the same standards and techniques as Reck- 


.. ling Peak A80259. Qingzhen and Allan Hills A77295 (paired 
with Allan Hills A77156) are two EH chondrites’? whose 
~~ analyses we publish here to demonstrate the absence of system- 

- atic errors in our data. The St Marks data are from various 
sources?! and the St Sauveur data are from ref. 2. Siderophile, 
chalcophile and alkali elements have been plotted separately 
from refraction, lithophile and other elements because of their 
_ different abundance patterns in these meteorites. Within each 
- division, elements are plotted in order of decreasing nebula 
<= condensation temperature. The element to Sc ratio for the 


- sample has been divided by the same ratio for CI meteorites to 
obtain the value for the vertical axis. Normalization to a refrac- 


ory element is the standard procedure for removing the effect 
-of variations in major volatiles (for enstatite chondrites it is not 
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Fig. 1 Abundance pattern for selected elements in enstatite 
chondrites as determined by neutron activation analysis. The solid 
horizontal lines indicate mean values for the EH class and the 
broken horizontal values refer to mean values for the EL class. 
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Fig. 2 Schematic diagram illustrating the two ways of viewing 
enstatite chondrite relationships. The existence of an EL5 is 
evidence for the dual genetic sequence. 


normally an important normalization, but in the present case 
would remove any effects resulting from hydration during 
weathering; this is discussed below). The CI normalization 
removes abundance trends resulting from nucleosynthesis. 

When normalized this way, EH chondrites are approximately 
50% enriched in siderophile, chalcophile and alkali elements 
with respect to EL chondrites (Fig. 1). St Marks, St Sauveur, 
Qingzhen and Allan Hills A77295 usually plot close to the mean 
EH value, whereas Reckling Peak A80259 plots significantly 
below these meteorites, close to the mean EL value. In the one 
case where this does not happen (Mn), we suspect a problem 
with the literature value. Zinc is a special case, since it is a 
particularly volatile element and in ordinary chondrites its 
abundance varies systematically with petrologic type. This sug- 
gests that metamorphism may be involved in determining its 
abundance, rather than the factors (usually thought to be 
nebular processes) which result in the bimodal distribution of 
the other chalcophile elements. 

Nickel, Co, Fe, Au and Ir are siderophile elements which lie 
within experimental error of the mean EL value. Iridium is 
unusual in that the difference between EH and EL is much less 
than for the other siderophiles—probably this is associated with 
its refractory nature—but nevertheless indicates an EL classifi- 
cation for Reckling Peak A80259. The chalcophiles—even Mn 
and the alkalies behave like chalcophiles in enstatite chon- 
drites—are also consistent with an EL classification, with the 
exception mentioned above. Overall, the compositional data 
indicate that Reckling Peak A80259 is an EL chondrite. 

A major potential problem in interpreting the present data 
is associated with the extensive weathering the meteorite has. 
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several Antarctic stone meteorites and concluded that any effects 
were minor’*. However, their samples were less severely 
weathered than Reckling Peak A80259 (category ‘A’ compared 
with ‘B/C’ for ] “Peak A80259 according to ref. 10). 
| ndari et al., when analysing the Parsa 
d that their data should be multiplied 
weathering which had caused a dilution 
ntrations we determined for Reckling 
)% lower than mean EL for all elements; 
for Fe, Co, Na and Sc are 218 mg g`’, 













present in normal EL abundances. Presumably, although 
decomposition of the oldhamite occurred, its decomposition 


in the grid are shaded. The important point is that petrologic 
_ type 5 enstatite chondrites are now known to exist from both 
the EH and EL chemical groups. We suggest this is compelling 
evidence for two genetic sequences, analogous to the three 
sequences formed by H, L and LL ordinary chondrite cases. 
The observed tendencies for most EH chondrites to be of low 
petrologic type, and most EL chondrites to be of high petrologic 
type is also analogous to the situation for ordinary chondrites; 
for instance, most L chondrites (69%) are type 6, whereas most 
H chondrites (49%) are type 5165, na 

We thank the meteorite working group of NASA/NSF and 
E. Scott, University of New Mexico, for supplying the meteorite 
samples used in this work, and D.W.G.S. thanks the Smithsonian 
Institution for hospitality. We also thank K. Keil and R. 
Hutchison for reviews. This work was supported by start-up 
funds from the University of Arkansas Chemistry Department 
and a grant from NASA (NAGW-296 to D.W.G.S.). The cost 
of irradiations is partially covered by US Department of Energy 
grant DEFG-0280-ER-10725 to the University of Missouri, 
research reactor facility. 


Received 17 August; accepted 15 December 1983. 


Van Schmus, W. R. & Wood, J. A. Geochim. cosmochim. Acta 31, 747-765 (1967), 
Sears, D. W., Kallemeyn, G. W. & Wasson, J. T, Geochim. cosmochim. Acta 46, 597-608 
{1982). 
Yavnel’, A, A. Meteoritika 23, 32-41 (1963), 
Anders, E. Space Sci. Rev. 3, $83-714 (1964). 
- Mason, B. Geochim. cosmachim. Acta 30, 23-39 (1966). 
- Keil, K. J, geophys. Res. 73, 6945-6979 (1968). 
. Easton, A. J. Meteoritics 18, 19-27 (1983). 
. Binz, C. M., Kurimoto, R.K. & Lipschutz, M. E. Geochim. cosmochim. Acta 38, 1597-1606. 
Dodd, R. T. Meteoritics (Cambridge University Press, 1981). 
10. Score, R. A., Schwarz, C. M., Mason, B. & Bogard, D. D. Antarctic Meteorite Newsl. 5(1), 
(1982). 
ll. Baedecker, P. A. & Wasson, J. T. Geochim. cosmochim, Acta 89, 735-765 (1975). 
i2. Rambaldi, E. R., Rajan, R, 8. & Wang, D. Lunar planet. Sci. 14, 626-627 (1983). 
13. McKinley, S. G., Keil, K. & Scott, E, R. D. Meteoritics 17, 251 (1982). 
14, Biswas, S; Ngo, H, T. & Lipschutz, M. E. Z Naturforsch, 38a, 191-196 (1980). 
sat 5.: Bhandari, N . Shah, V. B. & Wasson, J, T. Meteoritics 15, 225-233 {1980}. Lo 
otylewski, K: Cambridge Chondrite Compendium 2nd edn (Smithsonian Astrophysical 
Cambridge, Massachusetts, 1978). 


Meo o 


O CN u Bt 












—LETTERSTONATURE 


-: - suffered. Biswas et al, discussed the effects of weathering on 


-t Department of Mineralogy, British Museum (N atural History), 











Chondrite thermal histories const a 
by experimental annealing : 
of Quenggouk orthopyroxene 


J. R. Ashworth*, L. G. Mallinson*, R. Hutchison} 
& G. M. Biggar} a 
* Department of Geological Sciences, University of Aston, 
Gosta Green, Birmingham B4 7ET, UK the 


Cromwell Road, London SW7 5BD, UK 

+ Grant Institute of Geology, University of Edinburgh, ee 
West Mains Road, Edinburgh EH9 3JW, UK es oe 
The meteorites called ‘ordinary chondrites’ preserve a record _ 
of processes in the formation of their parent bodies (asteroids — 


or similar objects) in the early Solar System. An important — 
aspect yet to be explained is a series of ‘petrologic types’, 


numbered 3 to 6, with increasingly homogeneous minerals and — 
annealed textures. The annealing (which postdates the highest- _ 
temperature events that produced chondrules as droplets of | 
melt) is usually regarded as a prograde metamorphism, that is, — 
reheating after cold accretion of the parent bodies’, but evidence _ 
has been presented for origin of the textures and mineralcompo- 
sitions during primary cooling (see, for example, ref. 3). Here | 
we report the first constraint on chondrite ‘metamorphic’ history — 
from experimental annealing of a silicate mineral in natural- 
meteoritic specimens. ‘Striated’ orthopyroxene was converted - 
almost entirely to normal orthopyroxene in 1 week at approxi- — 
mately 800 °C, without detectable change of composition. This _ 
result tends to support the primary cooling hypothesis, 
Orthopyroxene is essentially a solid solution between MgsiO, 
(En) and. FeSiO, (Fs) with minor CaSiO; (Wo). In chondrites.. 
of intermediate petrologic types (4 and 5) it is often optically 
striated* between crossed polars, different striae extinguishing 
in slightly different positions. Transmission electron microscopy — 
(TEM) has shown that the ‘striation’ is due to lamellar ‘defects’ 
parallel to (100). Although not fully resolved by conventional 
TEM”, individual defects are interpreted as lamellae having the 
clinopyroxene structure, in two (twinned) orientations sharing — 
(100) planes with the host orthopyroxene“. Such alternation of 
ortho and clino polymorphs on the unit-cell scale has been 


resolved by high-resolution TEM® in comparable material pre- 


pared from terrestrial orthopyroxene by heating then rapidly — 
cooling. | | a 

Striated orthopyroxene is interpreted as an inversion product. 
of protopyroxene which crystallized from the melt in droplet- 
chondrules’. Protopyroxene inverts to normal orthopyroxene if 
cooled slowly. At the other extreme, on very rapid quenching, 
it inverts entirely to twinned clinopyroxene. The experimentat 


analogue of striated orthopyroxene, characterized by X-ray 
diffraction as a mixture of ortho and clino, is formed at cooling 
rates <1 °C per h (ref. 7) (through an inversion temperature < 
which is not well known for Fs-bearing compositions but is ~ 
~ 1,000 °C in pure En)’. In previous annealing experiments of 
short duration (hours to days) near 1,000°C, twinned E 


clinopyroxene has been converted to the stable form, 
orthopyroxene™?, and lamellae of clinopyroxene (formed by 


deformation) in orthopyroxene have been partly removed ®t o 


Thus, striated orthopyroxene is expected to react towards nor- => 

mal orthopyroxene if annealed sufficiently. ee: 
We sought the effect at relatively low temperatures 

approximating the accretion tem T 





many H-group chondrites, it lacks complicating effects of shock- - ye 
heating)’. Aliquots (~100 mg) were sealed in Pt capsules, 
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Fig. 1 High-voltage TEM photomicrographs of experimentally 
annealed Quenggouk orthopyroxene viewed under general diffrac- 
tion conditions. a, Unmodified striated structure in the specimen 
annealed at 695°C for 4 weeks. Inset [011] diffraction pattern 
shows diffuse maxima elongated parallel to x*. b, Predominantly 
normal orthnopyroxene (inset, [010] diffraction pattern) with a 
few clino lamellae, in the specimen annealed at 790-800 °C for 1 
week, Note thick lamella at A, isolated unit dislocation at B and 
strain contrast near lamella boundary C due to partial dislocations 
in the boundary. c, Oblique view of the same specimen showing 
partial dislocations in the boundary of the central lamella. 


surrounded by Fe powder inside a second Pt capsule at about 
15 bars (argon cylinder pressure) to prevent bursting during the 
annealing runs. One run was at 695 °C for 4 weeks, the other 
at 790-800 °C for 1 week. The friable specimens were then 
impregnated with epoxy resin, thin-sectioned and examined 
optically before ion-thinning for TEM. High-voltage (1 MV) 
TEM was used, preserving exact comparability with the previous 
study of untreated Quenngouk’. Additionally, energy-dispersive 
X-ray microanalysis was performed in a different TEM at 
100 kV. 





One striated-orthopyroxene chondrule was prepared for 
TEM from each experimental run. The orthopyroxene grains 
have the usual size (~ 100 pm) and tabular shapes. In the 695 °C 
specimen, the optical striation appeared normal for Quenggouk, 
but in the 790-800 °C material it was faint, with very slight 
variations in extinction. 

TEM shows that the 695°C experiment produced a null 
result: the striated orthopyroxene is indistinguishable from that 
in natural Quenggouk’. Figure 1a shows the pervasiveness of 
the (100) lamellar contrast, associated with diffuseness in elec- 
tron diffraction patterns (Fig. 1a) as previously documented in 
untreated Quenggouk’. The product of the higher-temperature 
experiment is very different. It has properties not found in 
natural Quenggouk*, but analogous to annealing effects in 
orthopyroxene where clino lamellae had been introduced by 
deformation!', and therefore also expected where striated 
orthopyroxene has reacted towards normal (defect-free) 
orthopyroxene. Regions of perfect orthopyroxene giving a sharp 
diffraction pattern are interrupted by batches of lamellae which 
are often rather thick (Fig. 1b). Viewed obliquely, individual 
lamellae are resolved (Fig. 1c) and the thicker ones are seen 
to have linear features in their walls (Fig. 1c) which, by com- 
parison with published studies’’’, are clearly partial disloca- 
tions, marking unit-cell steps of thickness of the lamella. These 
properties were found throughout several large orthopyroxene 
grains. 

Analysis in the TEM gives the. composition EngsFs;,Wo, in 
the 695 °C specimen and Eng3Fs,.Wo, in the 790-800 °C speci- 
men, the same (within analytical uncertainty) as previously 
found? by electron microprobe analysis of striated ortho- 
pyroxene in untreated Quenggouk. No compositional variations 
were detected at the lamellae: even the thick lamellae (Fig. 
1b, c) are clinopyroxene of approximately the same composition 
as the host orthopyroxene, not exsolution lamellae of any sort. 
Thus, the experiment produced no detectable compositional 
changes. 

Persistence of a few rather thick lamellae is also characteristic 
of orthopyroxene annealed after deformational production of 
clino lamellae*!! but in this case numerous isolated (unit) dislo- 
cations are also found. This is attributable to the locally un- 
twinned nature of the clino component produced by shearing" 
or shock®; annealing of the intimately twinned analogue in 
striated orthopyroxene will tend to generate unit dislocations 
of opposite sign, but these can mutually annihilate, leaving few 
such dislocations in the end product (Fig. 15). 

The experiments show that Quenggouk has not been naturally 
held at 800°C for as long as 1 week. Such annealing would 
have converted its striated orthopyroxene to a product struc- 
turally indistinguishable from the orthopyroxene in higher 
petrologic types (5 to 6). 

The temperature constraint is superficially consistent with 
prograde metamorphic temperatures favoured by Dodd’, but 
these are based on pyroxene compositions, in particular the Ca 
content of orthopyroxenes (supposedly at equilibrium with the 
coexisting calcic pyroxenes) in LL-group chondrites’*. Now, in 
the H group at least, Ca contents of coexisting pyroxenes™* are 
not consistent with the equilibrium phase diagram at metamor- 
phic temperatures’? and are, interpreted as being inherited 
from the time when the grains grew from chondrule melts’. 
The present work shows how striated and non-striated 
orthopyroxenes can inherit the same compositions. (The slight 
differences in annealing history can occur during continuous 
cooling’; re-heating is unnecessary.) 

The lack of compositional change in the experiments is con- 
sistent with diffusion data!®’’ which (extrapolated down to 
800 °C) indicate a time scale many orders of magnitude greater 
than 1 week for Ca diffusion through ~100 um. We can tenta- 
tively extend this comparison of time scales to lower tem- 
peratures, since the temperature dependence of the time scale 
for clino-lamella removal can be estimated by combining our 
data with higher-temperature studies on pyroxenes of approxi- 
mately the same composition’®"*. Although few data are avail- 
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ation gives a rough estimate of 180- 
the activation energy for clino-lamella 
mparable with or slightly less than activation 
ffusion'®'”. If confirmed by further experi- 
indicate that the time scale contrast persists 
orphie temperature range, so ortho- 
netamorphically homogenized without 
ture, Thus, we suggest that the series 
omogeneity with increasing petrologic 
to prograde metamorphism, since 
retain striated structure*, On the other 
ional and structural variations in the 
xplained by crystallization at varying 
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In this letter we report that, at the molecular-size range, the 
surfaces of most materials are fractals, that is, at this range, 
surface geometric irregularities and defects are characteristi- 


cally self-similar upon variations of resolution. The whole range 


of fractal dimension’, 2< D < 3, is found in the many examples 
presented. Two representative examples, namely adsorption of 
polystyrene on alumina and adsorption of krypton on dolomite 
are discussed in some detail. Our findings suggest a simple 
solution to the problem of quantifying the degree of surface 


irregularity’* at a resolution which is of relevance to many 
- aspects of surface science. The results provide a general explana- 
_ tion for phenomenological links between various surface jaras o 
meters, and we derive a set of equations of use in predi ting 
Surface variables. | f 





of adsorbate; A is the apparent surface area (m? g'); Ry is the rac 
__ Of gyration; v is the molar volume; V,, is the monolayer coverag 
‘expressed by the STP volume in the BET method; R, Rmax and R 


as used for equations (7) and (8). 
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Fig. 1 Aluminium oxide, D =2.79+0.03. Monolayer amount of _ 
polystyrene. molecules and nitrogen (mol 107° perg), as ao 
function of the radius of gyration R, (A). er 


Surface-science has in the past tended to deal with the problem 
of description of geometrically irregular surfaces, such as those _ 
found in oxide gels, carbons, catalysts, metals*, by treating | 
irregularity as a deviation from well-defined Eucleidean shapes. _ 
An entirely different approach is possible, if the surface is 
(statistically) invariant over a certain range of scale transforma- _ 
tions—that is, if the surface is self-similar upon changes in 
resolution power. For such surfaces, the degree of irregularity me 
can be given by one number: the fractal dimension’, 2< D<3, _ 
of the surface. The higher the D value, the more wiggly and | 
space filling the surface is (see below). The obvious question is 
then, is self-similarity common in nature so as to make the a 
fractal-approach useful? The similarity of computer-generated _ 
fractal-objects to real objects led Mandelbrot’ to advocate 
strongly a positive answer to that question; and in recent years — 
several reports have appeared"? in which boundary lines of _ 
natural objects (‘coast lines’): have been found to be fractals _ 
(1< D <2). Similarly, natural landscapes were reported to be A 
fractals*”. On the molecular scale, the only direct experimental _ 


' fractal measurement is, to.our best knowledge, the analysis of 


back-bone ‘wiggliness’ in proteins?®. ae 
Here we present an extensive compilation suggesting that the - 
fractal approach is indeed of value. Moreover, in contrast to 
most previous fractal analyses, which probed the 1 =< D <2 range 
of fractal dimensions, and could only ‘indirectly provide the 
surface fractal dimensions, our methods directly probe the 2< 
D<3 range. | 


Table 1 Equations derived for determination of fractal dimension ni 











Equation . | 
no. — fou | | Comments 
(1) noar? See text 
(2) nag P? — 
(3) At gÊ- PN e asai 
(5) nay PH Holds only for series 0 
homologous linear absorb: 
lying flat on surface. 
(6) Vp co? — 
(7) Ax RP? — 
(8) RRO 7 
(9) GETS To (Rinax/ Rmin) Sy: 


In these equations, n is the monolayer coverage (for example, moles 
of adsorbate per gram adsorbent; ø is the effective cross-sectional ars 


are values for particle radius; o> is the cross-sectional area of adsor 
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’ Found i in 


Upper Columbus dolomitic rock from 


Bellevue, Ohio. 


2 Goodland high calcium rock, from 


“Idabel, Okla. 


ben Granitic rock from SHOAL ndeni test site, 


Nevada l 


n Igneous rock sample | from SHOAL site 
Granular activated carbon~Tsurumi HC-8, 


‘from coconut shell’. 
Granular activated carbon—Fujisawa B-CG, 
from coconut. shell 


Carbonate rock from groundwater test well, 


Yucca Flat, Nevada. 


` Soil (kaolinite, trace halloysite) 


Activated alumina na F-20 (Alcoa Corp) 


Charcoal (BDH) of animal origin 


Porous coconut charcoal 
(Standard Chemical Co., Montreal) 


Porous a-FeQOH pigment for magnetic tapes 
Crushed Corning 0010 lead glass 


Coal mine dust from 
Western Pennsylvania 
Coal mine dust from 
Western Pennsylvania 
Carbon. black 


Slightly porous coconut charcoal 


. (Standard Chemical Co., Montreal) 
Slightly porous coconut charcoal 
(Standard Chemical Co., Montreal) 
Mosheim high calcium from Stephens City, Va. 
Niagara (Guelph) dolomite from Woodville, Ohio 


Glassy melted rock from Rainier nuclear zone, 


Nevada 
Soil (mainly feldspar quartz and limonite) 


Aerosil-—nonporous fumed silica (Degussa) 


Snowit—ground fine Belgian quartz glass of 


high purity 
Madagascar quark: from Thermal Syndicate 
Periclase—electrically fused and crushed 
magnesite 
Synthetic faujasite. 
(Na;0°A1,03°2 67810," mH,O) 
{Linde Air Products) 
Graphite-—Vulcan 3G (2700) 
(National Physical Lab., Teddington, UK). 
Graphon—partially graphitized carbon 
_ black formed by heating MPC black to 3, 200 C 
Graphon—graphitized carbon black (Cabot Corp.) 


Active, (nonporous), coconut charcoal 


{Standard Chemical Co., Montreal) 


Active, (nonporous), coconut charcoal 


(Standard Chemical Co., Montreal) 
Iceland began massive calcite from Chihuahua, 


estimation indicates the least-square analysis of best fit to a a straight line. 
nes in: parentheses. give. the range. of yardstick sizes, when the full range cannot be estimated directly either from equation (9) or from polymer adsorption, For 


sed d value: of 16. 2. AP is taken. 


At de | Method of D E 


range Fon : pero determination} Ref:§ | 
20-47,000 Kr | (7) 13 
20-47,000 Kr (7) B 
16~16,500 N, (7) 14 
14-14,300 Ar (7) uo 
{16-37) N2, 12 various organic (2) is 
molecules- 
(16-37) Nz, 12 various organic (2) 15 
molecules 
16-16,500 Na (7) 14 
150-16,500 Malachite green | (8) 16 
(16-34) Na, MeOH, EtOH, PrOH, (3) 2 
iso-PrOH, BuOOH 
16-45,100 Polystyrene fractions, Na (4) 12 
1,400-180,000 Styrene-methyl-methacrylate (4) li 
l random copolymers — 
(16-47) Na, C3Hy, CHa CHa, CHa, (2) il 
C3Hg, n-CHyo, iso-C=,H, 
16-980 N2 (7) 17 
21-14,900 Hexadecy!-I-'“C-trimethyl KT 11 
ammonium bromide 
16-180 Nz (7) 18 
16-270 N- (7} 18 
(16-71) Na, benzene, naphthalene, {2} 11 
anthracene, phenantrene . 
(16-47) Nas CHy, CoH CHa CoH, (2) 11 
CaHg, Cayo, i80-Cy Hyg i i 
(16-47) Na, CHa CHa CHo CHa (2) il 
C Hg, CaHyo, i80-CyH yo 
20-47,000 Kr (7) 13 
20-47, 000 Kr (7) 13 
14-14,300 Ar {7} 14 
150-21,800 Malachite green (8) 16 
16-529 N, (7) ii 
16-10,600 N, {7} 19 
16-1,850 Nz (7) 19 
16-720 N, {7} 20 
(16-68) Na, n-alkanes (C,, Cay) (5) li 
(16-178) Nz, n-alkanes (Ciy Cag, C33) HS 
(15-41) Na, MeOH, EtCl, benzene, oo ae mi 
_ cyclohexane l 
1,400~-180,000 Styrene-methyl- (4) 1l 
methacrylate ao, 
random copolymers i 
(16-47) Na CoH,, Cale CHa CoHe, £23 11 
C hHg, n-CyHio. 180-C Hyg F N 
(16-47) Na, CH, CHa, CHy, CHs; {2} il 
CsHg, n-CyHjq, i80-CaHig 
20~47 000 Kr (7) i3 


found the surfaces of some other common materials to be fractals 
(ref 11 and Table. 2), Further analysis of published data (Table 
2) lead us to conclude that at the molecular range, the surfaces 
of most materials are fractals. Well over 75% of the analysed 
surfaces fell.into. this category. Table 2 emphasizes the wide 
diversity of materials which possess a fractal surface, and the 
ability of our method to probe the irregularity of hindered areas 
within porous materia s. The complete range (2<=D<3) of 
fractal dimensions see: 








Following our finding that silica TT a a fractal suria we 


s seems to be found in nature: low D=2.0 _ 
values, indicate ë regul rity and smoothness (for etampie; Aero. č 
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Fig 2. ‘Niagara dolomite, D = 2.58 + 0.01. BET (Kr) surface area 
| (m° per g) shown as a function of particle diameter (ym). 


sil), D values deviating slightly from 2 are indicative of a surface 
with slight defects (2.07 for graphite), intermediate D values 
represent a fairly irregular surface (some types of charcoal), 
. and D values close to 3 indicate extreme irregularity of the 
surface (silica gel). A wide range of self similarity can be detected 
when equations (7) or (8) are used, or when the yardsticks are 
polymer fractions. The smaller ranges found in Table 2 are 
artificially limited by the given range of yardstick sizes. The 
processes by which these fractal surfaces were formed probably 
operated over a much wider scale, as can be judged by com- 
parison of ranges of similar materials, such as charcoals. In any 
event, even the limited-range examples carry information of 
interest, since they cover the size of all small organic molecules 
(C; to Cio). 

Two examples taken from Table 2 serve to illustrate the 
nature of those fractal surfaces. The first is the surface of porous 
alumina, (Alcoa grade F-20) studied by Burns and Carpenter'?, 
They adsorbed monolayers of nitrogen and four spherically 
coiled polystyrene fractions, having radii of gyration in the range 
73-379 A. The decrease in the resulting apparent surface area, 
as a function of yardstick size, is faster than nœ r? (for smooth 
surfaces), and obeys equation (4), as depicted in Fig. 1. From 
the slope of the straight line, the fractal dimension of the surface 
of the studied alumina is 2.79+0.03. The range of surface 
self-similarity found for this example is high, covering three 
orders of magnitudes. This observation was made possible by 
the remarkable experimental result that monolayer values 
obtained by different methods (Brunauer, Emmett and Teller 
(BET) surface area test at cryogenic temperatures for the small 
nitrogen; adsorption from cyclohexane solution for the large 
polymer yardsticks) fit closely the same straight line—that is, 
the geometric factor rather than the nature of physisorption, 
dominates. The self-similarity of this surface is further demon- 
strated by the fact that whereas the large polymers can penetrate 
and probe only the widest pores (and the outer surface), nitrogen 
probes much of the pore network that is hidden from the 
polymer. 

The second example involved a different method of D- 
determination, the analysis of change in apparent surface area 
as a function of particle size? (equations (7) and (8)). The method 
has several advantages: (1) it is easier to obtain a wide range 
of particle sizes than to use a wide range of molecular yardsticks, 
so that, a wide range of self-similarity may be detected; (2) 
adsorption of only one type of molecule is necessary; (3), the 
measurement scale in this approach is the particle-radius so that 
an exact knowledge of the effective cross section of the probe 
molecule is necessary only for estimation of the range of self- 
similarity (equation (9)). Figure 2 summarizes the example, in 
which Love and Whittaker measured the surface area of lime- 
stones from various sources by krypton adsorption’?. 


size, and from equation (7) we find D=2.58+0.01. All the 


Niagara | 
(Guelph) dolomite from Woodville, Ohio, was crushed and ia 
sieved into seven fractions ranging from 53.5 to 2,605 pm in- 
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other rock-surfaces studied by Love and Whittaker were fo 
to be fractals (see all Kr entries in Table 2). : a 

Thus the geometry of materials has conventionally t 
classified in terms of types of crystallinity or amorphous 
we now propose fractality as a new viewpoint in mat 
geometry classification. Since it is difficult to conceive of a 
dynamic interfacial process that is independent of surface i irreg 
larity or surface defects, the importance of such classificati 
seems obvious. Catalysis is one phenomenon which is gi 
by such surface characteristic and this is now being studies 

This work was supported by the Fritz Haber Research Ce | 
for Molecular Dynamics, Jerusalem, the Israel-US Binational 
Foundation (D.A.) and by the Ben-Gurion Foundation. t 
D.F.). D.A. is an M. Richter Fellow. ; 


Received 23 August; accepted 21 December 1983. 














. Mandelbrot, B. B. The Fractal Geometry of Nature (Freeman, San Francisco, 1982). - 

Avnir, D. & Pfeifer, P. Nouv. J: Chim. 7, 71-72 (1983). a 

Pfeifer, P. & Avnir, D; J. chem. Phys. 79, 3558-3565 (1983). ; 

Beddow, J. K. & Meloy, T.P. (eds) Advanced Particulate Morphology (CRC, Florida, 1977). zi 

Lovejoy, S. Science 246, 185-187 (1982). i 

Paumgartner, D., Losa, G. & Weibel, E. R., J. Microsc. 121, 51-63 (1981). 

Kaye, BH. Direct Characterization of Fine Particles (Wiley, New York, 1981). 

Berry, M. V, & Hannay, J. H. Nature 273, 573 (1978). 

. Burrough, P. A. Nature 294, 240-242 (1981). oe 

. Allen, J. P., Calvin, J. T., Stinson, D. G., Flyna, C, P. & Stapelton, H. J. Biophys. J. 38, 
299-310. {1982}. 

. Avnir, D., Farin, D. & Pfeifer, F, J. chem. Phys.79, 3566-3571 (1983). 

12. Burns, H. Jr & Carpenter, D: K. Macromolecules 1, 384-390 (1968). 

13. Love, K. S. & Whittaker, ©. W. Agr. Food. Chem, 2, 1268-1272 (1954). í 

14. Carnahan, C. L., Castagnola, D.C. & Smith, M. E. U.S. Atomic Energy Comm. NVO- 

1229-98 (1968). 

15. Urano, K., Omori. S. & Yamamoto, E. Env. Sci. Tech. £6, 10-14 (1982). 

i6. Cohen, wW. H. & Knight, B. H; J Soc. Chem, Ind. 66, 357-364 (1947). 

17. Suzuki, S; et al: Ferrites, 556-560 (Tokyo, 1980). 

18. Corn, M. et al. Amoind. Hygiene J. 34, 279-285 (1973). 

19. Cartwright, J., Wheatley, K. & Sing, K. 5. W, J. appl Chem. 8259-264 (1958). 

20. Girgis, B.S. & Girgis, Le G. Powder Tech. 7, 85-91 (1973), 


5 7 ‘ z 


jk 
daaa a 


eet 
Fh 


A sampling artefact affecting the 
uranium content of deep-sea 
porewaters obtained from cores 


J. Toole*, J. Thomsont, T. R. S. Wilson? 
& M. S. Baxter* 


* Department of Chemistry, The University, Glasgow G12 80Q, UK 
+ Institute of Oceanographic Sciences, Brook Road, Wormley, 
Godalming, Surrey GU8 SUB, UK 


A wide range of uranium concentrations (1.3-65 pg I”) have 
been reported in deep-sea porewaters extracted from cores’, 
values which contrast with the accepted constant figure of 3.3 + 
0.2 wg I”! for the uranium content of open ocean seawater**”*. 
In seawater the constant level of uranium is believed to be due 
to the conservative behaviour of the anionic uranyl carbonate 
complex”, In a recent review Cochran” conclude: j 
porewater uranium contents higher than the seawater valu 
found in association with an anoxic condition in the sedin 
while most oxic sediments have lower values in tl 
2-2.5 pg 17’. This latter observation caused Cochran and 
naswami to suggest that uranium uptake by some se 
solid phase must occur ‘and ought to be included in the: oceanic 
uranium balance*’. We present here detailed uranium 
porewater profiles for two contrasting eastern Atlantic sedi- 
ments from an in situ porewater sampler and from squeezed 
corer sediment. These indicate that lower values in oxic sedi- 
ments are almost certainly caused by a sampling artefact related 
to core decompression. dog 
The porewaters were collected on RRS Discovery Crise’ 129 
in 1982, using the Institute of Oceanographic Sciences (IOS) 
Mark II in situ porewater sampler!*, a box corer!* ‘to retrieve 














. short sediment sections with undisturbed interfaces, and a 
Kastenlot corer to recover longer (2 m) sections. Subco res were 
- taken as soon as possible after retrieval using core liner, extruded 














Fig. 1 a, Field of view showing detector track distribution at the 
edge of a seasalt deposit with added ethylene glycol (x200). 
Uranium concentration 3.3 pg I~}. b, Field of view showing detec- 
tor track distribution at the edge of a seasalt deposit without 
spreading agent (x200). Uranium concentration 3.3 wg 


ina glove box and transferred to squeezer units under a nitrogen 
atmosphere, then held at bottom water temperature (4 °C) until 
hydraulic squeezing was complete. Both in situ and squeezer 
‘filtrations were performed using 0.4 um Nuclepore filters. 
Uranium determinations were made by the sensitive fission 
track method using Lexan polycarbonate detectors and an 
adaptation’* of Fleischer’s method'*"'® for seawater. Fifty fields 
of view were counted across samples which had been etched 
after exposure to a thermal neutron (n) dose of 2 x 10'*ncm™?. 
Track counting was either by optical microscope {total area 
8.309 mm) or by Quantimet image analyser (total area 
0.699 mm”), depending on track density. A total of about 1,300 
tracks were counted for a uranium concentration of 3.3 pel", 
yielding a replicate error of 6.1%. Figure 1a shows the track 
distribution at the edge of a deposit in which glycol spreading 
agent had been used to prevent the formation of an outer rim 
of salt crystals during evaporation of the sample. In this case a 
uniform distribution of tracks is obtained, simplifying analysis 
to one of comparative track densities between samples and 
standards instead of total track counting. Without the glycol 
additive, uranium concentrates on the outer rim (Fig. 1b). Since 
track clustering was not observed in this study, it may be con- 
- cluded that colloidal aggregates of uranium were absent. 

~~ At station 10552 on the Cape Verde Abyssal Plain the sedi- 
~~ ments consist of a calcareous marl/ooze (36-78% CaCO) with 
a low mean sediment accumulation rate (0.4cm per 10° yr 
- determined from ?°°Thexcess data). Oxygen measurements on 
-~ the porewaters’’ show that free oxygen is present, falling from 
` 66% of bottom water values just below the sediment surface 
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Fig. 2 Porewater uranium and alkalinity profiles for station 
10552, Cape Verde Abyssal Plain (see Table 1 for individual 
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Fig. 3 Porewater uranium and alkalinity profiles for station 
10554, Madeira Abyssal Plain east of Great Meteor Seamount. 
(Key as Fig. 2: see Table 1 for individual positions.) 


to 43% at the deepest point sampled (1.7 m). Extrapolation of 
the profile trend suggests that the sediment column may be oxic 
to at least 10 m. There is good agreement between the levels 
of the nutrients silicate and phosphate for the box core, Kasten- 
lot core and porewater sampler at this station. Marked dis- 
crepancies in alkalinity and in uranium content are observed, 
however, between the profiles from the corers and that from 
the in situ sampler (Fig. 2, Table 1). The loss of alkalinity from 
corer porewaters during recovery is now well documented!**? 
and is believed to be due to CaCO; precipitation during the 
pressure change on core retrieval from the sea floor. Initial 
attempts to correct for the pressure effect by a thermodynamic 
treatment!®2° have been shown to be not widely applicable?!” 
perhaps because equilibrium is not attained before sediment 
squeezing. In the present case, the uranium loss is relatively 
larger than the alkalinity loss. The core samples are reduced by 
a mean 44% in uranium content, and by 27% in alkalinity, 
relative to the pore water sampler over the same depth. It seems 
probable, however, that the uranium depletion effect is related 
to CaCO, precipitation, since the geochemistry of uranium is 
known to be linked closely to carbonate in solutions of seawater 
composition 07374, 

Uranium concentrations in the two in situ sampler bottom 
water samples (at 1 cm and 50cm above the sediment/ water 
interface) are similar to the accepted uranium seawater value, 
with the weighted mean porewater value (3.20+0.5 pg ry 
being very slightly lower but still within the uncertainty of the 
seawater value. No systematic trend can be discerned in the in 
situ profile, and it therefore appears that uranium behaves 























______ LETTERS TTONATURE 


Table 1 Porewater analytical data for uranium and alkalinity 


Uranium 



























Depth Uranium Alkalinity Depth Uranium Alkalinity Depth iu 
(cm) (pg 3 (mequiv.1*) (cm) (wg i") (mequiv. 1) (cm) (ug i") 
- Station 10552 
Box co core Kastenlot core In situ sampler => = oe 
(9BX: 4,655 m: 19°27 N 29°54’ W) (2K: 4,683 m: 19°27 N 29°54’ W) (No. 7: 4,735 m: 19°25’ N 29 e5 OW) 
0-2.5 2.14+0.09 — 8~13 1.75 +0.08 1.99 ~50 3.384012 052 
5-7.5 2.0440.09 — 26-31 1.57 +0.07 rt! | O F403 
10-12.5 1.99 £0.08 — 44-49 2.25 + 0,09 AOD R348 OIF > 
15-17.5 1.72 +0.08 — 57-62 45740.07 ROR T E S E S 
20-24 1.7740.08 . ~ 68-73 -141.29+0.06 C BO o BB o JAE? 
28-32 1,500.07 mme 84-89 — 1.20+0,06 RR 2 RS. O BOA oo 
32-37  1.48+0.07 — 103-108 1.38 + 0.06. 209 24.5 ATOLLO 
119-124 -1.830,08 4 19070 S 4.0440. 14 
132-137 A LOF#O08 BBG em . x l 
145-150 -1.284006 w ae 
163-168 1.920,08 2.09 © 
Station 10554 | coe 
Box core `- Kastenlot core In situ sampler ss 
- (SBX: 5,370 m: 31°30’ N 24°26' W) (2K: 5,370 m: 31°30. N 24°29 W) (No. 12: 5,371 m; 31°27'N 2827 Wyo oS 
2 2.75 +0.10 1.89 21-26 14.63 +0.48 1.93 ~$O 3.78 +0.13 BPS. ee 
2-4 2.48 + 6.09 _ 35-40 10.84 +0.37 2.43. =l 2.37 +0.08 r ai 
4-6 2.44+0.09 1.81 53-58 10.92 +0,37 2.50 | 2 4,9620,17 REI Eo 
6-8. 3.03+0.11 — 76-81 11.34 +0.38 2.55 3.5 §.36+0,18 ae) Dea: 
8-10 2230.08 1.80 95-100 8.20+0.29 _ 6.5 6.43 40.24 RI 
12-14.5 2.20 +0.08 ~ 113-118 © 7,60+0,28 2.59 12.5 8.76£0.31 Sea ty PSs 
14.5~17 3.3740.12 1.92 138-143 4.45 £0.18 2.48 24.5 8.69+0,31 OB a As 
17-~19.5 2.24+0.08 ine 157-162 5.63 +0,22 ~— eo 
19.5~22 2.20 +0.09 1.85 184-189 -4750.19 2.27 
22~24.5 2.22+0.09 — 
24.527 2.31£0.09 2.04 
2729.5 1.66 +0.07 oon 
Station 10164 Station 10189 


Box core (Nares Abyssal Plain) 
(SBX: 5,613 m: 26°12’ N, 60°24’ W) 


Box core (Bauer Deep) ` 
(4BX: 4,445 m: 9°58'S, 102°34' W) 


Depth Uranium Depth Uranium 
(cm) (ug i’) (em) (pgi) 
0-5 2820.14 0-5 2.73+0.15 
5-310 2.45 + 0,13 5-8 2.55 +014 
10-15 2.25 £0.12 8-11 2.46£0.14 
15-20 2.250.172 11-14 2.23£0.13 
20-25 1.830,11 14-17 2.49+0,14 
25-30 21140.12 17-20 2.35%0,13 
20-23 2.20+0,13 
23-26 2.794.0,15 
26-29 2.5740.14 
29-32 3.224016. 
35-39 2.09+0.12 
42-45 2.4} +0.13 





conservatively in the porewaters of this slowly-accumulated 
carbonate sediment. 

The above data relate to an oxic, carbonate sediment. At 
present there are no in situ porewater uranium profiles for 


carbonate-poor pelagic sediments, but squeezed box core 


samples from the Nares Abyssal Plain and the Bauer Deep 


(stations 10164 and 10189 respectively in Table 1) show 


uranium depletions relative to seawater similar to those obser- 
ved in the cores from station 10552. There is good geochemical 


evidence that both of these low carbonate sediments accumu- | 


lated at a rate <0.5cm per 10° yr and that the Pporewaters 
- remain oxic. Previously the interpretation has been that uranium 

removal from solution occurs within the upper 10cm of the 
sediment column’. The finite uranium content of authigenic 
micronodules** and phillipsites** and the high post-depositional 
content of fish teeth apatite?” ? illustrate that uranium uptake 
_ from solution can occur in slowly-accumulated sediments in 


- some circumstances. Nevertheless, the demonstration here that 


in situ sampling is necessary to obtain reliable porewater 
uranium values means that profiles in non-calcareous sediments 
like those from the Nares Abyssal Plain and Bauer Deep now 
require redetermination on in situ samples before qpanntar ve 
interpretation. 


<o the seawater value, and from the gradient of the upper 
-So far only oxic sediments have been discussed. The other 7 
2 station where comparative corer and in situ sampler data are 
available is more complex, because the porewaters are generally | 





“indicated. Assumin ng transport of sane as the uranyl ion, 
; “Fick's relationship” 


anoxic at shallow depth. The area is the abyssal plain east of 
Great Meteor Seamount, where pelagic sedimentation is inter- 
rupted sporadically BY deposition of calcareous turbidite units 
of varying thickness**.. At station 10554, the porewaters are. 
anoxic within about 40 cm of the interface, with anoxia coin- 
cident with a 20cm thick green turbidite centred at approxi- 
mately 40 cm which has a mean organic carbon content of 1.4% 
and a mean uranium content of 6.1 p.p.m. ‘Interpretation i 
complicated by an unexpected variability between cores taken. 
only a few miles apart on this abyssal plain. Various measure-. 
ments made on the Kastenlot core (10554 2K} yield results 
which differ significantly from those obtained from three other 
profiles at this site: the uranium data from this core are e includ 
in Fig. 3 but are not discussed further. | 
For the box core and in situ sampler (Fig. 3), the alk 
pressure artefact is again observed. The porewater oxyge 
files are similar but not identical, both falling to <10' 
saturation at 30 cm and to zero at 40 cm (only box c 
available). It is evident that the box core samples i in this zon 
of falling oxygen tension exhibit depressed uranium ) por 
levels (weighted mean 2.32+0.03 ug 1+) relative to seawat 
By contrast the in situ sampler uranium profile is enhanced 
























ir points a uranium flux from the sediments to. seawatel 


applies, that is, F = “RUG das where : 








is the flux in gem” yr}, D is the effective diffusion coefficient 


in cm? yr™! and dC/dx is the concentration gradient in g om”, 
Using for D a value of 30 cm? yr which includes the effects 
of tortuosity and porosity**°, an upward flux of 1.1% 
1078 g cm~? yr“! within the porewaters is estimated. The source 
of this flux is believed to be the turbidite layer, with the uranium 
either released on oxidation of organic matter, mobilized by 
organic ligand complexations, or remobilized by the Eh and 
pH change accompanying anoxia. It is not at present possible 
to define the uranium speciation in natural solution/solid inter- 
actions in detail. Although considerable progress has been made 
in the thermodynamics of solution/mineral equilibria’, such 
work has been concerned with uranium minerals and high 
laboratory concentrations. These contrast with the natural situ- 
ation, and in particular the effects of formation of organic 
complexes have not been elucidated”. 

The above information suggests that the literature data on 
deep-sea porewater uranium contents must be regarded with 
caution. The systematic error observed in core samples at station 
10552 demonstrates that in situ sampling is necessary to obtain 
reliable values in oxic porewaters, at least for carbonate sedi- 
ments. The more complex redox situation at station 10554 is 
less easy to interpret, but it is evident that the core sampling 
artefact also appears operative in the oxic section at this station. 
Sampling procedures should in future be chosen to elucidate 
and guard against possible pressure, temperature and oxidative 
effects. This is the first report of a pressure artefact in the 
porewater sampling of deep ocean sediments for any trace 
element. There is at present no information on the possibility 
of similar artefacts for other trace elements for which carbonate 
speciation is important. 

We thank A. B. Mackenzie for providing neutron irradiation 
facilities, A. S. G. Curtis and the Wellcome Trust for access to 
a Quantimet image analyser and NERC for studentship support 
(to J. Toole). The research at IOS was carried out under contract 
for the Department of the Environment, as part of its radioactive 
waste management research programme. The results will be 
used in the formulation of government policy, but at this stage 
they do not necessarily represent government policy. 
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Direct measurerhents of the aggregation rates of natural parti- 
cles can help to explain the behaviour of material suspended 
in natural waters, and are a stringent test of predictions from 
model studies. The iron oxide which accumulates each summer 
in Esthwaite Water in Cumbria, UK is a natural colloid consist- 
ing of a sufficiently homogeneous population of particles to 
allow such direct measurements to be made. Here we show 
that, at initial particle concentrations (no) characteristic of those 
in the lake (10'°-10"! dm °), the colloid stability of the iron 
oxide is governed by the opposing forces of van der Waals’ 
attraction and electrostatic repulsion, as predicted from model 
experiments on synthetic haematite particles coated with aqua- 
tic humic substances. However, at higher particle concentrations 
and with Ca2* concentrations greater than 0.01 mol dm”® it is 
found that the aggregation rate constant depends on no, possibly 
indicating the participation of bridging flocculation in the aggre- 
gation process under these conditions. 

The aggregation of colloidally sized particles in natural waters 
has a major influence on material transport and the properties 
of cohesive sediments’. It is generally assumed that aggregation 
is related to the surface properties—especially the electrical 
potential—of the particles’, but hitherto the nature of the 
relationship has only been investigated with model systems” > 
or by filtration experiments with uncharacterized heterogeneous 
natural samples’'®. In the work reported here we studied the 
colloid stability of naturally occurring iron oxide particles by 
measuring aggregation rate constants (k) and electrophoretic 
mobilities (u) at different concentrations of calcium chloride. 

Iron oxide accumulates at depth in Esthwaite Water during 
the early part of the lake's annual period of deep-water anoxia, 
to reach concentrations of Fe of about 5 107° mol dm™* (refs 
11, 12). The oxide is in the form of amorphous spherical, 
ellipsoidal or rod-shaped particles, dimensions of individual 
particles being in the range 0.05-0.5 pm (ref. 13). (In this work 
the mean diameter was 0.3 pm, with a coefficient of variation 
of 45%.) The particulate material is 30-40% by weight Fe, and 
approximately 30% by weight organic matter, of which about 
one-third consists of humic substances’’. From studies with 
synthetic iron oxides it seems that the surface properties of the 
particles, as reflected by their electrophoretic mobilities, are 
dominated by the humic substances'*"°. Esthwaite Water humic 
substances have molecular weights ~5,000 and have about 
0.01 mol g` of ionizable functional groups’°. 

Aggregation was followed by particle counting as described 
previously”, the method involving visualization of the particles 
by dark-field microscopy. It was found that after dissolution of 
the iron oxide particles with oxalate, the number of visible 
particles left was approximately 5% of the original number, 





indicating that the results obtained in the aggregation experi- 


ments refer almost exclusively to iron oxide particles. In order 
to carry out an experiment, the chosen suspension was sonicated, 
the desired amount of CaCl, added, and aliquots taken for 
particle enumeration at appropriate times. Experiments were 
done at room temperature (20-25 °C) and at pH values close 
to those found for Esthwaite Water (6.6-6.9). Judging from 
scanning electron microscopic observation of material collected 
on 0.01-~m Nuclepore filters, the sonication procedure did not 
break up all aggregates present. However, there were very few 
aggregates larger than 2 pm after sonication. The suspensions 
used in the experiments were either lakewater samples, 
untreated except for sonication, or particulate matter concen- 
trated by centrifugation or gravitational settling and diluted as 
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Fig. 1 Dependence of aggregation rate constant (k) on elec- 
trophoretic mobility (a) for Esthwaite Water tron oxide particles 
at initial concentrations (no) of 3~8*10'° dm7* (©).and 2-4 x- 
10"! dm? (@), and for haematite particles (ny = 6-9 x 10°! dm~*) 
equilibrated with surface Esthwaite lakewater. (CI). Each plot con- 
sists of four points: (1) (most negative u) lakewater, [Ca + Mg] = 
31074 moldm™?; (2) lakewater +10 moldm * CaCl; (3) 
lakewater +0.01 moldm™*> CaCl,; (4) {least negative u) 
lakewater +0.1 mol dm~? CaCl. For the natural oxide each point 
is the mean of values obtained for 2, 3 or 4 different samples; bars 
indicate ranges of values. In experiments at low natural concentra- 
tions (7,9) there was no systematic difference between k values 
obtained with unconcentrated samples and- values for samples 
which had been concentrated and then re-diluted. Haematite gives .. 
k values independent of no (see Fig. 2). The lines are drawn for 
guidance. 


required with filtered lakewater. As well as natural oxides we 
also used, for comparison, ellipsoidal haematite (a-Fe,O,) parti- 
cles prepared by a method’’ which yielded a narrow size range 
(mean diameter 0.4 um, coefficient of variation 10%). The 
particles were equilibrated by repeated centrifugation and resus- 
pension, with filtered (0.1 wm) surface Esthwaite lakewater 
sampled in April 1983 (HS concentration.~2 mg dm™*); this 
treatment gave the particles an adsorbed layer of humic subst- 
ances'*?°, Electrophoretic mobilities were measured with a 
Rank Brothers Mark II apparatus at 25 °C using a flat cell. 
Our experiments were carried out on unstirred suspensions, 
therefore aggregation was brought about by diffusion and the 
appropriate equation for the process is second order: 


1/n=1/ngt+kt 


where n and no are the particle concentrations at time t and at 
zero time, respectively. The aggregation rate constant k could 
alternatively be expressed as kmay a where kmax is the rate 


ee - constant for the aggregation of completely. destabilized parti- © 
o cles’? and a is the collision frequency factor’? 
against t were reasonably linear (r = 0.9) for at least two halvings 


. Plots of 1/n 


of no. Because a manual counting method was used, the total 
number of counts for an individual aliquot was quite small 
(100-400); this meant that the standard errors of the slopes of 
the plots were quite large: 10-20% of kin most cases, but up 
to 40% (+0.2 logio units) at k = 1071°~ 107!” dm? s~'. However, 
as k varies over several orders of magnitude, depending on 
CaCl, concentration ((CaCl,]), errors of this kind are acceptable 
Pe our present purposes. 

«Figure 1 shows the dependence of k on u for the Esthwaite 
W ater iron oxide particles and for haematite particles equili- 
fed with surface Esthwaite lakewater. The negative values 
, ie to those functional groups of the adsorbed humic 
bat. are not involved in the actual oxide-humic 
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-dependence of k on u for the Esthwaite Water particles differs 
- from that at lower ny and for haematite (Fig. 1), with aggregation. 
at [CaCl,]=0.01 mol dm™ being accelerated to become sub- 
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Fig. 2 Dependence of aggregation rate constant {k} on the initial © 
particle concentration (no) for samples of Esthwaite Water iron 
oxide (©) and haematite (A), at CaCl, = 0.1 mold ^. 


interaction’. The magnitudes of u for the natural and model. 
particles differ somewhat, especially at low (CaCl, ]. This may 
reflect slight differences in major ion and humic concentrations | 
in the suspensions, the haematite particles being suspended in 
filtered surface Esthwaite lakewater sampled in April, while the: 
natural oxide particles were suspended in water from- I m above. 
the sediment sampled in June or July. Also, at least for Mn 
oxides, the magnitude of the mobility of humic-coated particles _ 
depends. to a small extent on the nature of the underlying © 
surface’. The electrophoretic mobilities become less negative 
with increasing [CaCl] due to the specific interactions of Ca?” 
with the humic functional groups in the electrokinetic shear 
planet’, : 
The dependence of k on u for the Esthwaite Water oxide 
particles at their natural lakewater ‘concentrations (3-8 KS 
10'° dm~? after sonication) is similar to that found for the : 
humic-coated haematite particles (Fig. 1). It seems that for both 
types of particle the aggregation rate depends on the degree of 
interaction of Ca**. with the adsorbed humics, so. that it is 
inversely related to the interparticle electrostatic repulsion. Fur- 
thermore, the plot in Fig. 1 indicates a maximum value of- 
k~4x 107% dm’ s7!, which is close to the theoretical maximum 
value for diffusion- controlled aggregation (corrected for hydro- : 
dynamic effects 21) of completely destabilized: spheres, that is 
3.2x 1071 dm? s~ at 25 °C (ref. 22). It thus appears that the 
colloid stability of the particles in these conditions is.governed - 
simply by two opposing forces, van der Waals’ attraction and 
electrostatic repulsion (compare with ref. 23). At high calcium 
concentration, only the attractive force operates. a os 
-Before discussing aggregation at higher no it is appropriate 
to point out that the results for the Esthwaite Water system | 
refer to relatively low humic adsorption densities. In previous. 
model studies® with humic-coated haematite particles i j : 
found that high adsorption densities could give rise to 
stabilization. Thus, in 0.1 mol dm~? CaCl, k was. only 
107'° dm? s™* in the presence of 20 mg HS dm” compared with — 
3x107'5dms™* at 1 mg HS dm~”. Therefore, in Esthwaite 
Water the humics influence colloid stability only via electrostatic- 
effects, but in more humic-rich waters an additional ste: 
influence is to be expected. e 
At ng=2-4x107'! dm? (that is, after concentration). | 















stantially faster than the theoretical maximum referred iteabove, 











< Figure 2 shows that at [CaCl] of 0.1 mol dm”, k increases by 
-an order of magnitude as no increases from 10?! to 10°? dm™*. 
_ In contrast, the haematite particles suspended in filtered surface 
© Esthwaite lakewater give essentially constant values of k with no. 
-Thus at no210'' dm? it seems that a second factor, in 
_ addition to charge destabilization, is involved in causing the 
natural iron oxide particles to aggregate. This second factor 

‘does not apply to the haematite particles and so cannot be 


related to the relatively minor increase in k (~three-fold 


~ between mo=10'° and np = 2.5 10'? dm~*) found by Hatton 
_ et al.” in their study of destabilized polystyrene latex spheres, 
the enhanced k possibly being due to increasing multiparticle 
interactions with increasing no. Furthermore, polydispersity of 
the natural particles can be ruled out as an explanation of the 
high k values (compare ref. 24), first because very high polydis- 
persity is required for order-of-magnitude changes in k, and 
second because the effect should be independent of no. 
The most plausible explanation of the results at high ny seems 
to us to be some kind of bridging flocculation (see, for example, 
ref. 25). Enhancement of aggregation rates above the maximum 
rate for salt-induced coagulation has been observed for disper- 
sions of silver iodide with polyacrylic acid”, cellulose with 
alginates*’ and polystyrene latex with proteins*®, in each case 
the enhancement being attributed to bridging interactions by 
the polymers. With regard to the increase of k with nọ, Walles?” 
“has published a theory, based on an enlarged effective collision 

diameter for particles with attached polymers, which predicts 
such an effect for bridging flocculation. Our observation that 
the enhancement of k is most marked at higher CaCl, concentra- 
tions could be explained by the bridging being more effective 
as the electrical double layers of the interacting particles became 
more suppressed*>. Alternatively, if the bridging agents are not 
_ integral parts of the oxide particles, Ca** may induce their 
interaction (compare with refs 27, 30). 

There are several candidates for the bridging agent(s); algal 
or bacterial exudates*’*'*?, very high molecular weight humic 
substances, and organic fibrils*’. The total lack of dependence 
of k on no for the haematite particles (Fig. 2) means either that 
the putative bridging agents are absent from the filtered surface 
water, or that they are present but do not interact with the 
haematite to bring about accelerated aggregation rates. 

The possible bridging flocculation considered above will not 
apply to freshwater aggregation processes because of the 
requirement for high concentrations of Ca**, but it could be 
: Important for aggregation in estuaries, notably at the turbidity 

: maximum. It remains to be seen whether the dependence of k 
On. No, and possible bridging flocculation, is a widespread 
phenomenon for natural particles, or whether the more straight- 
forward behaviour we observe at low no is more common. In 
either event, the results presented here, together with the pre- 
-vious finding® that high adsorption densities of humic substances 

-can enhance colloid stability by steric stabilization (see above), 
Suggest that detailed understanding of aggregation in natural 
. waters requires more direct studies of naturally occurring parti- 
cles of various types. 
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Complex models for magma generation in island arcs have 
recently been proposed which require varying contributions 
from three possible sources: (1) the mantle; (2) subducted, 
altered oceanic crust; and (3) sediments (see, for example, refs 
1-6). These models involve partial melting of metasomatized 
mantle. The metasomatizing liquids derive from the subducted 
slab and are large-ion-lithophile (LIL) element-bearing fluids 
or are themselves partial melts. Further modification of the 
chemical composition of the lavas may occur by processes such 
as shallow-level fractional crystallization. Because the Th/U 
ratio is quite different for each of the three possible magma 
sources mentioned above, and as Th and U may behave differ- 
ently during fractionation processes, particularly if volatile 
transport is involved, studies of 7*°Th-*°U disequilibrium’ 
have great potential in investigations of arc lavas. Our data, 
given here, imply that the Th/U ratio in the sources of Mariana 
and Aleutian Island Arc lavas is similar to ocean ridge basalt 
sources, although there is a hint of a somewhat lower Th/U 
component in the Aleutian source. The data also confirm and 
extend the observations by Gill’ and Allègre and Condomines*® 
that oceanic arc lavas are distinguished from magmas erupted 
in virtually all other volcanic environments by activity ratios 
°°Th/?*U) <1, implying relative enrichment of uranium. 

The **°Th~74U disequilibrium system is a useful tool for 
studying sources and processes involved in recent volcanism 
because it can provide a direct measure of an important 
geochemical characteristic of the source, the Th/U ratio’ '”. 
Unlike other isotopic tracers such as ®’Sr/®°Sr, '*°Nd/!*4Nd, or 
2°6Pbh/2°*Pb, which reflect the relevant parent-daughter ratios 
integrated over the lifetime of the mantle, the activity ratio 
(7°°Th/?°*Th) reflects the current U/Th in the source (activities 
are indicated by parentheses throughout this paper; activity = 
AN, where A is the appropriate decay constant). This is so 
because 7°°Th is radioactive with a half life of 75,200 years, 
much less than its ultimate parent *°*U. Thus radioactive equi- 
librium is attained rapidly (~300,000 yr), a state in which 
(7°°Th) = (7U), that is, CTh/7 Th) = (7°9U/?*Th). There- 
fore if the source is in equilibrium and the transfer time between 
source and surface is short, the initial (7°°Th/7"*Th) of a lava 
will reflect U/Th in the source. In contrast, since petrogenetic 
processes may lead to fractionation between Th and U, 
(*°°Th/*>5U) in the lava may not reflect the source, that is, 
(?°°Th/??5U) # 1.0. When this occurs, data points fall away from 
the equiline on plots such as Fig. 3. 
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of New York, Buffalo, 4240 Ridge Lea Road, Amherst, New York, 14226, USA (RCE 


















MARCH. 1984 





Fig. 1 Location map for the 
- Mariana samples. Two samples 
from Pagan and one from 
Guguan were analysed. Con- 
tours are in km (adapted from 
ref, 28). 
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Fig. 2 Location map for the Aleutian samples. K, Kanaga; UM, 
Umnak; B, Bogoslof; UK, Ukinrek Maar. Contours are in km 
| (adapted from ref. 29). 


Our Th-U data for the Mariana and Aleutian samples are 
reported in Table 1; details of the analytical methods are presen- 
ted elsewhere’'"'*, All samples are of negligible age with respect 
to the half life of **°Th, The Mariana samples are from Pagan 
and Guguan Islands (Fig. 1); the Aleutian lavas are from 

“Kanaga, Umnak and Bogoslof Islands and Ukinrek Maar on 
the Alaskan peninsula (Fig. 2). All samples analysed are basalts, 
except for the 1796 lava from Bogoslof, which is an andesite. 

For each arc, (**°Th/?*?Th) is approximately constant (Fig. 
3). This suggests that each has a source with approximately 
constant Th/U. However, more analyses will be required to 
confirm this suggestion for the Marianas, as only three samples 
from two islands were analysed. Dixon and Batiza’? have sug- 
gested that the low rate of eruption, together with evidence of 
Significant shallow fractional crystallization in the Marianas (see 
also ref. 14), imply long residence in sub-volcanic reservoirs. 
However, this residence time appears to be insignificant with 
respect to **°Th decay, since it would be coincidental for lavas 
from two islands, Pagan and Guguan, to have experienced 
varying residence times resulting in the same (7°°Th/?2*Th)— 
within the 2o uncertainty—at eruption. Because (7°°Th/?28U) < 
1, residence in a magma chamber would increase (7°°Th/?2?Th) 
relative to the source. The Mariana thorium isotopic ratios 






Sample Th (p.p.m.) U (p.p.m.) Th/U 2OTh E 
Marianas (d.p.m. g~*) 
Gu-l 0.23+0.01 0.14640.004 1.554+0.08  0.061+0.003 

Guguan 
PAG-5 0.48+0.01 0.272+0.006 1.76+0.06  0.140+0.004 

Pagan 

P46 0.56+0.02 0.355+0.007  1.59+0.07 0.159+0.006 

Pagan 
Aleutians . 

KAN 5-10 3.73 + 0.07 1.6920.03 2.21 40.05 1.17+0.02 

Kanaga . 

UM 21 1.36+0.03 0.662 0.01 2.06+0.06  0.426+0.009 

Umnak 
B1796 5.50.2 2.43 +0.04 2.3 +40.1 1.75 +0.06 

Bogoslof 
B1927 3.34 +0.09 1.46 +0.02 2.29 +0.07 1.06 40.03- 

_Bogoslof 4 

 Ukinrek Maar 1.5840.04 0.56+0.01 2.82 +0.09 





ce _ - Errors quoted are lo counting statistics uncertainties. 








Table 1 Th-U data for lavas from the Mariana and Aleutian Island Arcs 
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Fig. 3 (°°Th/?”Th) versus (?9*U/?*Th) for the Mariana and 
Aleutian lavas. Error bars indicate 1e counting statistics uncer- oe 
tainties. The equiline represents the locus of points in radioactive: Se 

equilibrium, for which (7°°Th) = (7U), hee 


(average (?°°Th/?**Th) =1.17+0.06) correspond to Th/U of | 
~ 2.6, similar to or slightly higher in Th/U relative to mid-ocean | 
ridge basalt (MORB) source®!>, | on 
The thorium isotopic compositions of the five Aleutian lavas _ 
from four volcanoes are essentially constant at 1.31+0.02 (Fig. 
3) despite the transition from continental to oceanic crust at : 
approximately the position of Bogoslof (Fig. 2) and the change © 
in differentiation trend from tholeiitic (Umnak) to calc-alkaline _ 
(Kanaga) to alkalic (Bogoslof and Ukinrek Maar). It is unlikely — 
that lavas from four widely separated volcanoes would have the ag 
same isotopic compositions unless the (7°°Th/?°?Th) ratios _ 
reflect sources with approximately constant Th/U. The inferred | 
Th/U of 2.35 is slightly lower than that in the average MORB | 
source, and while a few oceanic basalts with high (7°°Th/?°*Th) 
approach the Aleutian average, it nevertheless appears to be — 
distinct. ee 
Based on the thorium isotopic data, the source regions for _ 
both the Mariana and Aleutian lavas appear to be homogeneous — 
with respect to Th/U. However, this ratio is different in the two | 
sources and the difference may indicate disparate components. _ 
Indeed, other geochemical parameters suggest that lavas from 
these two arcs are derived from complex sources consisting of 
different proportions of depleted MORB-type mantle, altered 
oceanic crust, and sediment” 11416-720. See 
For the Aleutians, Kay* and McCulloch and Perfit'® con- _ 
cluded that the continental crust underlying the eastern part of 
the arc has contributed little, if at all, to the lavas of the volcanoes _ 


on the Alaskan peninsula. Petrogenetic studies by Kienle etal?) 


on the 1977 eruptives from Ukinrek Maar, together with the _ 


observation from this study that a sample from the same flow 


has the same (’*°Th/???Th) as those from the intra-oceanic _ 
volcanoes, support. this conclusion. The high and constant 
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0.9740.03  0.5640.03 -2.0040.10 11140.05  300yr : 
0.99+0.03  0.70+0.02 1.754006 1.22 40.04 Spring, 1925 : 
0.98+0.02 0.6040.03 1.9540.09 1.18 + 0.04 5/15/81 : 
0.994002 0.9440.02  1.40+0.03 1.314002 ~1900 
1.022002 0.8740.02  1.5140.05 1.312004  ~1948 
1.004002 0.97£0.04  1.35+0.06 13140.04 1796 
1.02+0.02  0.98£+0.03  1.35+0.04 —:1.33 £0.03 19: 
10120.02 , 1.10+0.03 y 
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thorium isotopic ratio of the Aleutian lavas (1.31) compared 
with that of MORB (average 1.22, total range 1.15-1.30; refs 
8,15), requires a component with low Th/U. Continental or 
-~ are-derived sediments tend to have high Th/U, unless seawater 
> alteration has resulted in uranium addition. On the other hand, 
carbonate sediments and old, altered MORB tend to have low 
= Th/U, the latter because of uranium uptake from seawater. 
<. Altered oceanic crust is certainly being subducted in the 
. Aleutian Trench, and although carbonate-rich sediments are 
= hot common in surface sediments at high latitudes, especially 
< in the Pacific, they are present in the sediment column. Indeed, 
~~ Sun’? has reported Th/U ratios of 0.77 and 0.99 for sediments 
cored seaward of the Aleutian Trench. Therefore incorporation 
of U and Th derived from subducted crust, either in fluids which 
_ Mmetasomatized the overlying mantle wedge or directly as partial 
melts, could explain the observed high (7°°Th/??*Th) relative 
->to MORB. A sediment contribution of 2-3% from the down- 
_ going slab is required by the data of Brown et al.?*, who reported 
_ Significant concentrations of ‘°Be in Aleutian lavas. Neverthe- 
less, it appears fortuitous that the proportions of U and Th from 
the subducted slab, incorporated into lavas along the length of 
‘the arc, should result in such a constant (*°°Th/***Th). 
-= In contrast to data for Aleutian volcanic rocks, the Sr, Pb, 
_ Nd and He isotopic compositions of Mariana arc lavas generally 
_ rule out significant involvement of subducted sediments or 
altered MORB but suggest instead that the mantle source is 
_ slightly enriched in LIL elements relative to depleted, N-type 
_ MORB source'*'*7"!*, Pb isotopic ratios!’ appear to place an 
-~ upper limit of ~1% on the subducted sediment contribution. 
However, DePaolo and Wasserburg”? found elevated °’Sr/*°Sr 
ratios Suggesting the presence of a seawater Sr component. The 

(?°°Th/?**Th) data imply no significant incorporation of subduc- 
ted sediments or altered MORB. The Mariana arc source 
resembles that of MORB with respect to Th/U ratio. 

A very significant feature of the disequilibrium data reported 
here, which distinguishes the island arc environment from others 
studied by this technique’™'?'’°, is that most samples analysed 
have (7°°Th/?**U) ratios which are considerably less than 1.00, 
and thus fall to the right of the equiline (Fig. 3). This feature 
must result from relative U enrichment during petrogenesis. 
The tendency of subduction-related volcanism to display deple- 
tion of relative to 5U has been noted previously by 
©- Gil? and Allègre and Condomines’®. However, our Aleutian 
data actually exhibit a considerable range in (7°°Th/***U) for 
-constant (7°°Th/?°*Th). Lava from Ukinrek Maar exhibits 
- ?°°Th/?78U) > 1 while Bogoslof is characterized by equilibrium 
between *°Th and 7°°U. The thorium isotopic ratio of the 
-sample from Kanaga is within 2¢, but beyond 1a, statistical 
uncertainty of the equiline. The observation that the Ukinrek 
< Maar basalt has (*°°Th/29*U) > 1 may be related to this lava’s 
-somewhat anomalous composition (alkali olivine basalt transi- 
“tional to high-alumina basalt) relative to the dominant Aleutian 
-clava types (tholeiitic basalt to andesite). Kienle et al’! suggest 
-that this is a primitive lava generated by a small degree of partial 
melting of garnet peridotite at =80km depth in the mantle 
-wedge above the subducted slab. Thus Th/U fractionation dur- 
ing magma generation might be expected to be different from 
that of other Aleutian volcanoes. However, (7°°Th/***Th) 
- implies a similar Th/U in the source. Cascades lavas (ref. 11 
and S. Newman, J. D. Macdougall and R. C. Finkel, in prepar- 
~ ation) also display (7°°Th/?78U) = 1. Based on the Aleutian and 
Cascades data it seems that continent-based subduction-related 
volcanism is characterized by excess Th or ? in equili- 
_ brium with 7°°U, whereas island arc volcanism is characterized 
by a deficiency of Th relative to 7°°U. Some lavas from the 
continental arc in Costa Rica are deficient in *°°Th (ref. 7), an 
apparent inconsistency. However, the crust underlying the Costa 
Rican volcanoes is actually much more similar to oceanic than 
continental crust”, | 
and Allègre and Condomines’® have proposed that the 
relative U enrichment in island arc environments occurs by 
- metasomatism of the source region by fluids of either mantle 
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or continental origin. This process must occur relatively closely 
in time (probably < 250,000 yr) to eruption since disequilibrium 
is observed. Perhaps both U. and Th are transported by the 
Slab-derived fluids and Th is retained in the metasomatized 
mantle by accessory phases. Saunders et al.” have suggested 
that depletion of high field strength elements such as Zr, Ti, 
and Hf in island arc lavas compared to MORB could be due to 
“high Py.o and fo, [oxygen fugacity] conditions in the subduc- 
tion zone environment”, stabilizing “minor mineral phases such 
as ilmenite, sphene (containing Ti, Nb and Ta), zircon (contain- 
ing Zr and Hf) and apatite (containing P) within the eclogite 
slab”. Most of these minerals are known to contain large 
amounts of uranium and thorium. However, the limited data 
available suggest that these phases all have low to moderate 
Th/U ratios, ~0.4-3 (ref: 26). It has been suggested that 
amphibole may also be a residual phase and this mineral tends 
to have higher Th/U ratios'*’°*’. However, high Pao and fo, 
conditions in island arc sources have not been verified. 

If fluid transport of U, with or without Th, explains the 
enrichment of U in island arc lavas, then some other process 
must be operative in continental arcs. Continental lavas often 
assimilate continental crust, during which This apparently more 
incompatible than U (ref. 11). Clearly, more data are needed 
on the behaviour of elements in metasomatic fluids, and on Th 
and U distribution coefficients for many different minerals in 
varying conditions, before these various possibilities can be 
evaluated quantitatively. 

The three major conclusions which can be drawn from the 
2°Th-*75U) disequilibrium data for island arcs presented here 
are: (1) Lavas of negligible age relative to the half life of °°Th 
from the Aleutians and the Marianas exhibit constant 
(7°°Th/?**Th) ratios, implying relatively constant, but different, 
Th/U in the source(s) of each arc. (2) The Aleutian source 
probably includes a larger contribution from subducted oceanic 
crust than does the Mariana source. (3) Island arcs are the only 
environment studied so far from which lavas consistently exhibit 
a deficiency of *°°Th relative to “U, probably due to very 
recent preferential enrichment of the magma in U by fluids 
derived from the subducted slab. 
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It has often been argued that North American Paleo-Indians 
hunted both mammoths and mastodons'°. However, while 
numerous archaeological sites involving mammoths (genus 
Mammuthus) are recognized**, very few sites demonstrate 
direct human association with mastedons**. I report here a 


_ taphonomic analysis of several late Pleistocene mastodon 


(Mammut americanum) skeletons excavated in southern 
Michigan which provides compelling evidence of mastodon 
butchery. Butchery practices involved the production and use 
of tools fashioned from bones. of the nimal being butchered. 
Evidence for butchery and bone tool use includes: patterns of 
bone distribution and disarticulation recorded from a primary 
depositional context, disarticulation marks and cutmarks on 
bones, green bone fracturing, use wear and impact features on 
bone fragments, and burned bone. Moreover, determinations 
of the season of death of butchered mastodons” suggest that 
butchery was associated with hunting and killing, not simply 
scavenging of natural deaths. These findings provide new 
evidence of a well developed ‘bone technology’ 10 used by 
Paleo-Indians in eastern North America. They also add to our 
perception of Paleo-Indian subsistence activities and their pos- 
sible role in the late Pleistocene extinction of mastodons. 

The principal specimen discussed here is a partial mastodon 
skeleton (University of Michigan (UM) specimen 57705) exca- 
vated from a deeply stratified peat sequence near Pleasant Lake, 
in Washtenaw County, Michigan. Wood fragments removed 
from the pulp cavities of both tusks were dated at 10,395 
100 yr BP, and wood located stratigraphically below the skeleton 
was dated at 12,845 +165 Bp using Beta-1388 and Beta-1389 
(Beta Analytic Inc.). The former date is more closely associated, 
Suggesting an age for the skeleton near the end of Paleo-Indian 
occupation of southern Michigan'*, Much of the evidence for 
butchery at the Pleasant Lake site has been replicated by other 
recently excavated specimens (UM 57856 and 58028) and by 
specimens in older museum collections (UM 14404, 37811 and 


57022). Specimens representing natural deaths have also been. 


excavated (UM 57648 and 61246) and studied in existing collec- 
tions (UM 23498 and 59936). Geological and floral evidence, 
as well as radiocarbon dating, Suggests that all these sites are 
about the same age as the Pleasant Lake site. 

The pattern of bone distribution at the Pleasant Lake site 
consists of fully articulated skeletal units displaced from one 


Fig. 1 Map of in situ bone distribu- 
tion at Pleasant Lake mastodon site 
(UM 57705); identifications given 
_ for articulated units and representa- 


—— 


atlas vertebra and several other ele- 


before recognition of the skeleton. 
All other elements were undis- 
_ turbed. The axis vertebra was dis- 
covered in articulation with the third 
cervical vertebra. C, cervical ver- RS 
tebra; Cd, caudal vertebra; L, left 
rib; LF, left femur; LFb, left fibula; 
LH, left humerus; LS, left scapula; 
ls, limestone cobble; LT, left tibia: 


cAR3 







bula; RT, right tibia; Sk, skull frag- 
ents: St, left stylohyoid; T, thoracid 
; Integer suffixes indicate 
- position in. anatomical series. 
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(Fig. 1). Direct evidence of butchery as the cause fi 











another and surrounded by isolated bones and bone f 


is provided by matching marks on pairs of. 
articulated in life but found disarticulated at the: 
ticular surfaces of the atlas and axis vertebra A 
three such pairs of marks; each mark superimposes 
counterpart as the vertebrae are rearticulated, Particula 
notable are the size and character (examined by scanning el 
tron microscopy, SEM'*) of the highly polished, striated p 
of marks C-C’ in Fig. 2. Microscopic features indicate that these _ 
marks were made by driving a relatively smooth, wedge-shaped 
object, probably made of bone, between the conarticular sur- 
faces of the intact joint. Identical pairs of marks occur at other 
joints, notably the left knee. I have replicated all features of | 
these marks through experiments with fresh bone and have | 
confirmed the effectiveness of bone wedges in producing disar- 
ticulation. peers 
Additional evidence of butchery includes a variety of cutmarks _ 
documented by SEM analysis of microstructural features!, _ 
These marks, made by stone and/or bone tools, can be distin- 
guished from gnaw marks of non-human predators. and | 
scavengers, and from possible excavator’s marks, on the basis 
of criteria developed elsewhere'*!8, eer 
Certain bone fragments were apparently used as expedient 
tools'’. Glassy polish, interpreted as use wear, is developed © 
along formerly sharp edges of fragments that are appropriate 
in size and shape for cutting or scraping soft tissues. Polish is 
absent from comparable surfaces of other fragments. I have — 
replicated this polish using fresh bone, and it can be distingui ed- 
from polish of non-human origin through SEM analysis?’, Most 
examples of polish occur on fragments of bones that have little 
cancellous, marrow-bearing tissue. Their structure and anatomy 
make them unlikely candidates for accidental breakage or for 
breakage associated with marrow removal, but they are ideal 
for tool production. All breakage appears to have occurred — 
while the bones were fresh, and it is accompanied by features — 
such as local crushing at points of impact, bulbs of percussion, 
removal of multiple flakes from the margins of larger fragments, 
and broad impact depressions surrounded by sets of concentric 
fractures. Previous work. suggests that these patterns, par- 
ticularly when developed on large proboscidean bones, are 
indicative of the manufacture of expedient bone tool ®t, 
Evidence of burning is present on some bones. Its distribution 
indicates that burning occurred while much of the bone surface 
was still covered by soft tissue, and its microscopic features 
indicate attainment of surface temperatures of 440-650 C, 
higher than temperatures available in most natural fires! - 
Analysis of incremental lamination within tusks and molars 
provides important life history information and also a basis for 
determining season of death?®, Natural deaths analysed thus far : 
occurred near the end of winter or the very beginning of spring, 
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Fig. 2. Disarticulation marks on the atlas and axis vertebrae of 
UM 57705 (articular surfaces are indicated by even stippling). a, 
Posterior aspect of atlas, showing gouges (A and B, solid areas) 
and polished, striated mark (C, parallel lines indicate striae). b, 
~ Anterior aspect of axis, showing gouges (A’ and B’) and the 
polished, striated mark (C’) that are counterparts to the marks on 
the atlas. Superimposition occurs in the order B-A-C, as the bones 
are initially disarticulated and rotated slightly. 


ina time of high physiological stress and heightened probability 
of accidental death. In contrast, all butchered animals died in 
“mid-to-late autumn. This pattern is most plausibly explained in 
terms of hunting by humans””®. 
The uniformity of patterns of bone modification at sites 
studied here suggests a highly standardized approach to hunting 
-and carcass processing. This pattern shows similarities to other 
occurrences of modified proboscidean bone’*?*?'**, and to 
certain occurrences of bison?**>, While lithic tools must have 
been used to some extent in butchery, none have been recovered 
from Michigan mastodon sites. Archaeological evidence of a 
high degree of conservation of lithic materials”° suggests that 
-this may be due largely to low rates of stone tool discard. Bone 
tools were apparently easier to acquire, and here they may have 
_ partly replaced stone tools for some purposes’*. 
© Comparative analysis of additional sites will be necessary to 
evaluate the incidence of butchery among preserved late Pleis- 
_ tocene mastodons and the impact of human hunting on mastodon 
~~ populations”’. However, the patterns emerging here suggest 
that mastodon butchery may have been much more common 
- than previously recognized. These observations provide substan- 
> tial, if indirect, support for the hypothesis that human hunting 
~: was an important factor in the ultimate extinction of mastodons. 
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The present study tested the hypothesis that subjects with a 
good tolerance to shift work maintain the circadian period + of 
their temperature rhythm equal to 24 h, while + may differ from 
24 h when subjects exhibit one or several clinical signs of intoler- 
ance. These latter are mainly: persisting sleep disturbance, 
persisting fatigue, changes in mood and behaviour, and digestive 
troubles, from gastritis to overt peptic ulcer”. These symptoms 
were used here to classify the subjects studied. Medications, 
including all types of sleeping pills, are ineffective. As was the 
case in the present study, some subjects may tolerate shift work 
for 35 yr, reaching 57 yr of age without complaint, while others, 
after several months or many years, quite rapidly (within 6 
months) develop symptoms of intolerance’. 


Three types of male subjects were involved in the study: (1) 
Thirty-eight with a good tolerance, aged 21-58 yr (mean age 
41.0 yr); duration of shift work 6 months to 36yr (mean 
15.2 yr). (2) Twenty-seven subjects with a poor tolerance, aged 
21-58 yr (mean age 41.1 yr); duration of shift work 6 months 
to 35 yr (mean 18.5 yr). Subjects in these two groups were shift 
working at the time of the study, while the 18 subjects of the 
third group had been transferred to positions of diurnal work 
due to their poor tolerance to shift work over 0.5-4.0 yr (aged 
32-58 yr, mean age 46.6 yr; duration of shift work 8-27 yr, 


mean 16.7 yr). Different types of shift rotation and industry 


were investigated. (Particulars can be provided on request.) 
Subjects volunteered for the study. During a 16-30-day span 
they measured and recorded their oral temperature at least 
every 4h and at most at alternating hours (five to eight times 
a day, not during sleep) using clinical mercury thermometers 
(0.05 celsius precision). The actual time point of any measure- 
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ment (clock hour and minute) was also recorded. They also 
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Fig. 1 a, Persistence of 24-h periods in the oral temperature 
circadian rhythm of subject J.D. when his tolerance to shift work 
was good (December 1977). Left: horizontal bars represent both 
duration and location of rest (lights-off to lights-on) governed by. 
shift schedules (rapid rotation); black dots and solid line represent 
day by day acrophase {¢} location (peak time) of the temperature 
rhythm. Right: power spectrum of the temperature rhythm with 
period 7 in hours. Prominent = 24h. b, Desynchronization of the 
_ oral temperature circadian rhythm of subject J.D. when his toler- 
. ance to shift work was poor ( January 1980). Data presentation as 





: ee 24 h. The power spectrum analysis shows a prominent line for 
o T=323.1h. 





recorded times of lights-on and lights-off as well as type of shift. 
During the study, subjects were neither taking medication nor 
~ suffering from infectious diseases, as both factors can affect? 
circadian. changes of temperature, including r. 
= Two major difficulties of the study were that the data were 
R gathered at unequal time intervals and the possibility of maskin ng 
effects due to lack of temperature measurements during sleep’. 
~The mathematical solution to this problem is derived from 
conventional spectral analyses, that is, the estimation of a corre- 





lation function and the calculation of its Fourier transform. The 
| problem: of the determination of correlations was resolved using 
mator which was mathematically validated*. Further- 
st conventional method, consisting of a day by day _ 
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-in a. The oral temperature ¢ is drifting to the left, indicating that- 


 exelusively diurnal work had a prominent 7 equal to 24h. A 


suffering poor tolerance and had a prominent 7 of 26. 6h “Fis 
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SubjectiG L.M.. 
Age:26years 
Shift work:3years 
Toleranceipoor 
Date:Jan.1980 


Fig. 2 Desynchronization of the oral temperature circadian 

rhythm of subject G.L.M: with a poor tolerance to shift work. 

Data presentation as in Fig. 1a. The oral temperature ¢ is drifting 

to the right, indicating that + > 24 h. The power spectrum analysis 
shows a prominent line for r= 25.6 h. 


display of estimated acrophases (peak time location in the 24-h— 
schedule)*®, was also used to visualize any acrophase (peak time 
$) drift or shift. Each @ estimate corresponded to the crest of 
the best-fitting cosine function approximating all data for 24h. 

These two methods have limitations. For instance, the promi- 
nent amplitude of + on the power spectrum was depicted on. . 
the graph printed by the computer, without statistical signific- | 
ance. The display of estimated acrophases was useful for visualiz-- 
ing œ drift or shift but not for quantifying it. Therefore, it was- 
of interest to use both of these methods to test the concordance _ 
of results provided, as can be seen in the figures. 

Thirty-one out of 38 subjects with good or excellent tolerance» 
to shift work showed a prominent circadian period 7 equal to” 
24h. In contrast, only 5 out of 27 subjects with poor tolerance © 
to shift work had a prominent 7 of 24h. The y^ test between 
these two groups was 25.37. with P <0. Figures 1-3 show the- 
@ values and the power spectrum of r values for subjects with 
good and poor tolerance.. We were able to study. one subject 
while he was still tolerating shift work (Fig. 1a) and again 2yr- 
later when he had become intolerant (Fig. 1b). It seems that. 
the temperature rhythm was free-running in subjects with poor 
tolerance and that + was either shorter (21.420.52:-h,-s.e.m., 
mean 7 of 10 cases) or. longer (25.76 0.25 h, mean of 8 cases). 

Sixteen out of 18. subjects. who suffered from signs of poor 
tolerance and who during the previous 0.5-4 yr had resumed _ 











the time of their individual study, at most only minor complaints 
were reported. Subject! S.A. was studied when shift working an 











3a). He was studied again about 1 yr after his transfer to diu 
work, and the prominent 7 was then 24h (Fig. 3b). 

It seems, therefore, that some subjects may exhibit a free- 
running circadian rhythm of temperature after several month: 
or many years of shift work. Despite the shifts, the activity- 
rhythm of these subjects showed a mean of 24 h. In other wo 
a desynchronization with differences in + values between twe 
rhythms (activity-rest and temperature) occurred in a majo 


__of subjects with poor tolerance. Similar desynchronizations have Ae 
already been. reportec 
isolation experiments performed without time clue and cue. It 





d*°7 at least for some subjects, during 


seems also that desynchronization of rhythm found in most 
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Fig. 3 a, Desynchronization of the oral temperature rhythm of 

subject S.A. with poor tolerance to shift work (November 1978). 

. Data presentation as in Fig. 1a. Prominent line for += 26.6 h. b, 

24h synchronized rhythm of subject S.A. about 1 yr after his 

- trafisfer to. diurnal work (January 1981). Data presentation as in 
preceding figures. 


subjects with poor tolerance was not related to the subject’s 
age, duration of shift work, type of shift rotation, or type of 
industry because there was no major difference with regard to 
any of these factors among groups with poor and good tolerance. 
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It has long been thought that mature oligodendrocytes in the 
adult mammalian central nervous system (CNS) are post-mitotic 
and are unable to proliferate in response to injury. The implica- 


tions of this have been profound, because it has been suggested 


that this failure of oligodendrocytes to undergo mitosis is per- 
haps one of the reasons for the failure of the human CNS to 
undergo remyelination after demyelinating disease. ‘This is in 
contrast with the normal peripheral nervous system in which 
there is consistent remyelination, and brisk Schwann cell 
mitosis. Although it has recently been shown that oligoden- 
drocytes can be regenerated following some specific instances 
of demyelination’, it has long been accepted that unlike 
mature astrocytes and microglia (macrophages), oligoden- 


drocytes do not proliferate in response to general conditions| 


damaging the nervous system**. Here we show that mature 
oligodendrocytes in adult animals, as well as astrocytes and 
microglia, are able to respond to damage in the CNS follow- 
ing trauma by incorporating tritiated thymidine into their 
nuclei. 

Adult (3~4 month old) male mice of the CD11 strain (Charles 
River, Canada) were briefly anaesthetized with methoxyflurane, 
and a small bone flap over the right parieto-occipital cortex was 
removed. A small piece of cortex, measuring ~3 mm, was 
scooped out shallowly from the dorsal cortex. The wound was 
packed with Gelfoam, and the skin sutured. Two days later, the 
animals were injected intraperitoneally with a single dose of 
tritiated thymidine, 6 pCi per g body weight. After 24h the 
animals were perfused with Karnovsky’s solution, and the brains 
sectioned. The brains were sliced coronally. The posterior part 
of the brain was embedded in paraffin, and coronal sections of 
the whole brain slice prepared for light microscopy. White 
matter and cortex, both on the side of the lesions and on the 
opposite side were taken from the anterior part of the brain 
and processed for electron microscopy. Both the light micro- 
scopic and the electron microscopic sections were prepared for 
autoradiography as described previously”. Control unoperated 
animals were injected with tritiated thymidine 24 h before killing 
and the brains processed in the same way. 

In control animals, examination of light microscopic 
autoradiographs revealed almost no mitotic activity within the 
cortex or white matter after the short 24-h exposure. The 
subependymal zone containing the germinal matrix cells showed 
numerous labelled nuclei. Examination of the brains in the 
operated animals revealed a necrotic cortical defect dorsally on 
the right side, occasionally involving the underlying white 
matter. In contrast to the controls, the brains of operated animals 
showed large numbers of cells whose nuclei were covered with 
silver grains. Around the area of the wound and in the wound 
itself numerous labelled nuclei, many of which were 
macrophages, were seen. Endothelial cells were heavily labelled. 
The adjacent areas of cortex, in which there was no obvious 


_ morphological damage, showed numerous glial nuclei containing 


grains; the identity of these cells could not always be determined 
at the light microscopic level. The number of labelled cells in 
the uninvolved cortex decreased further away from the wound, 
but labelled cells were seen on the lateral surface of the operated 
hemisphere, and were found in small numbers in the cortex on 
the opposite side. Labelled cells were very numerous in the 
basal ganglia and hippocampus beneath the white matter. Within 
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Fig. 1 a, Corpus callosum from a mouse 3 days after craniotomy. 





The autoradiograph reveals numerous labelled nuclei, some elongated __ 


and spindle-shaped suggesting intrafascicular oligodendrocytes, others larger and with a rounded shape suggesting astrocytes. Haematoxylin — z 

and eosin counter-stain. X96. b, Electron micrograph showing an oligodendrocyte with a labelled nucleus from the deep cortex 3 days after: = 

craniotomy, taken from an area away from the wound. An astrocyte is present at upper left and a blood vessel at lower left. The area of ee 

cytoplasm marked by an arrow is shown at higher magnification in c. X12,500. c, Higher magnification of the oligodendrocyte in b showing Hi 

typical cytoplasmic features. Numerous microtubules (arrows) run parallel to the cytoplasmic process. x18,600. d, Intrafascicular oligoden= = 

drocyte from the corpus callosum away from the lesion. Numerous silver grains are seen overlying the nucleus. ultrastructural autoradiograph. 
x5,500. 


the subcortical white matter and the corpus callosum, numerous 
cells having the morphology of astrocytes and of intrafascicular 
oligodendrocytes (Fig. 1a) could be readily seen. These labelled 
cells were found in the absence of any obvious direct damage 
to the white matter and corpus callosum. The labelled cells were 
found in the white matter of the corpus callosum extending well 
across the midline to the opposite hemisphere. 

At the electron microscopic level, the labelled cells were 
identified as astrocytes, macrophages and oligodendrocytes. The 
macrophages were most prominent in the area around the 
cortical wound. The ultrastructural study of the oligoden- 
drocytes revealed the features of medium to dark oligoden- 
drocytes with typical round to oval dark nuclei containing clum- 
ped nuclear chromatin, dark cytoplasm containing many ribo- 
somes, prominent Golgi apparatus and microtubules (Fig. 15, 
c). The dense bodies, lysosomes and long stringy endoplasmic 
reticulum characteristic of microglia were not present in these 
cells. Intrafascicular oligodendrocytes lying between myelinated 
axons in uninjured white matter and displaying the classical 
features of medium to dark oligodendrocytes were also seen to 
be labelled (Fig. 1d). 

Oligodendroglial proliferation in normal immature animals 
has been well established and labelled cells are easily demon- 
strable*. In adult mice, after 24h of exposure to tritiated 
thymidine, however, almost no labelled oligodendrocytes are 
found. The experiment described here demonstrates clearly that 
the mature oligodendrocyte in the adult mammalian brain, like 
the astrocyte, can respond to simple CNS damage by taking up 
tritiated thymidine, which is an accepted indication of cell 
mitosis. This is in contrast to previous studies on the glial 
response to trauma which have demonstrated mitotic response 
as seen by incorporation of tritiated thymidine into astrocytes, 
macrophages and monocytes, but not into oligodendrocytes*"*. 
Another study has shown that oligodendrocytes in the dentate 
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gyrus take up tritiated thymidine after ventral hippocampal 
commissurotomy’, but this study was performed by light 
microscopy and no ultrastructural confirmation of the oligoden- 
drocytic nature of these cells was made. The time involved in 
the present experiment—24 h-—suggests that the medium to 
dark cells that took up thymidine were of a relatively mature 
variety to begin with, as it has been shown in normal develop- 
ment that oligodendrocyte maturation requires a few days at 
each level during the cell’s progression from light through to 
medium and dark cells®?. The distribution of the labelled 
responsive cells around the lesion showed a gradual decrease 
in numbers away from the wound in the cortex, but in the white 
matter and corpus callosum, labelled cells could be seen across 
the midline to the opposite hemisphere. This distribution has 
some similarities to the local spread of oedema following a 
wound, and although the nature of the stimulus to proliferate 
is unknown it is possible that whatever factors are present may 
be spread together with the spread of oedema fluid. Another 
possibility is that these cells are responding to axonal reactions 
following neuronal death which, although not seen morphologi- 
cally, may be present at a molecular or chemical level. A recent 
study’°, however, has failed to show oligodendrocyte prolifer- 
ation following wallerian degeneration. 

In the mutant mouse Jimpy, the hypomyelination is accom- 
panied by increased oligodendrocyte proliferation and a short- 
ened lifespan’™t?, but this is a genetic condition and probably 
has little to do with normal glial responses. The present experi- 
ments, however, show incorporation of thymidine (a well accep- 
ted marker of cell division) into oligodendrocytes, as a response 
to a general nonspecific stimulus similar to that seen in other — 
glial cells. | J 
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- The neurohypophysial hormone vasopressin exerts antidiuretic, 
` vasopressor and behavioural effects (for example, facilitation 
‘of memory processes)“. Vasopressin may alter animal 
behaviour via direct effect on brain processes””*. Recently, 
however, it has been suggested that vasopressin acts mainly at 
peripheral receptor systems and influences behavioural mechan- 
-isms by altering visceral afferent signals’. We now present data 
showing that (1) central administration of {Arg®]vasopressin 
(AVP) and more potently [pGlu‘, Cyt°]A VP(4-8), the des- 
glycinamide derivative of a peptide generated from AVP by 
_ brain synaptic membranes’, produce the behavioural effect 
_ (promotion of passive avoidance behaviour) without the pressor 
- effect; (2) central administration of a vasopressor antagonist 
~ blocks the behavioural but not the pressor effect of systemically 
- administered AVP; and (3) [pGlu*, Cyt°]A VP(4-8) induces 
the behavioural effect in the absence of the pressor effect. The 
results indicate that AVP and related peptides affect passive 
avoidance behaviour by a direct central action and that the 
structural requirement for activation of central vasopressin 
“receptors differs from that of the peripheral cardiovascular 
receptors, although both can be blocked by the same vasopressor 


antagonist. 

For behavioural experiments rats (140-160 g) of an inbred 
strain were trained in a passive avoidance test procedure’. Rats 
"were placed on an illuminated platform, and allowed to enter 
a large dark compartment equipped with a grid floor. On the 
“next day three more trials an unavoidable scrambled footshock 
(0.25 mA, 2 s) was delivered through the grid floor of the dark 

compartment (learning trial). Passive avoidance latencies were 
determined at 24h after the learning trial, by placing the rat 
on the platform and measuring the latency (up to a maximum 
of 300s) to enter the dark compartment. The rats were treated 
-immediately after the learning trial. For intracerebroventricular 
-injection the rats were equipped with a polyethylene cannula 1 
- week before behavioural testing. At the end of the experiment 
< correct localization of each cannula was ascertained’. 
Subcutaneous (s.c.) injection of 3.0 ug [Arg®]vasopressin 
(AVP) and 0.3 pg [pGlu*, Cyt°]A VP(4-8) (in this paper refer- 
red to as AVP(4-8)) increased passive avoidance latencies 
(Table 1, Fig. 1). A similar effect was observed when lower 
amounts of these peptides were injected intracerebroven- 
<> tricularly (i.c.v.) (Table 1, Fig. 1). Neither AVP nor AVP(4~8) 
affected the latencies in non-shocked animals. To determine an 
ED, for this effect, groups of at least six rats were injected either 
-.c. or ic.v. with graded doses of these peptides (AVP s.c.: 0.1, 
0.3, 1.0 wg; ic.v.: 0.1, 0.3, 3.0 ng; AVP(4-8) s.c.: 0.03, 0.1, 
0.3 wg; icv.: 0.3, 3.0, 30 pg). Lower and higher doses were 


: latency of more than 190 s was taken to be a response (only one 





potent than AVP in promoting passive avoidance behaviour, 

when s.c. and i.c.v. treatments are compared. 

Low doses (0.3 and 1 pgs.c.) of the vasopressor antagonist 
- d(CH2)sTyr(Me)AVP (ref. 11), in the absence of agonist, 

attenuated passive avoidance behaviour. A somewhat higher 


dose (3 ug), however, did not affect the behavioural response 
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Fig. 1 Antagonism between the vasopressor antagonist, 
d(CH.)<Tyr(Me)AVP and [Arg"]vasopressin (AVP) or [pGlu*- 
Cyt®JAVP(4~8) (AVP(4-8)) following s.c. (a) or i.c.v. (b) treat- 
ment using passive avoidance behaviour as test parameter. The 
antagonist was injected immediately after the learning trial and 
the agonists 30 min later. Retention of the response was deter- 
mined by timing the latency to enter the dark compartment 24 h 
after the learning trial. a, Groups of rats were s.c.-treated with 
graded doses of AVP(4-8) after injection of placebo (@-—-@) or 
the antagonist (A-——A 3 pg, s.c. or O—O 10 pg, s.c.), Graphs were 
constructed according to Lineweaver~Burk. The reciprocal value 
of the dose (pg) is plotted against the reciprocal value of the 
median of the measured latencies (s). Theoretically, competitive 
antagonism is present when the common intersection of the calcu- 
lated lines is at the y-axis (as in the graph), whereas in case of 
non-competitive antagonism the common intersection of the exten- 
ded lines (dotted lines) is at the x-axis. b, Groups of rats were 
i.c.v.-treated with graded doses of AVP (AA) or AVP(4-8) 
(O—O) after i.c.v. injection of placebo (open symbols) or 3 ng of 
the antagonist (filled symbols). The dose (pg) of AVP and AVP(4- 
8) is plotted against the median of the measured latencies (s). 
Lines were calculated with the methods of least squares. 


(Table 1). This dose was, therefore, selected to investigate the 
interaction of this peptide with the behavioural effects of AVP 
and AVP(4~8). The vasopressor antagonist injected s.c. immedi- 
ately after the learning trial and 30 min before s.c. treatment 
with AVP or AVP (4-8), antagonized the action of these pep- 
tides (Table 1, Fig. 1a). Dose-response curves were assessed 
with A VP(4-8) in the presence of two dose levels of the antagon- 
ist. The data revealed that the antagonism between these pep- 
tides was competitive in nature (Fig. 1a). The same was found 
after i.c.v. injection of the antagonist and AVP or AVP(4-8) 
(Fig. 1b). The dose-response curve of both peptides shifted to 
the right in the presence of the antagonist. The slope of the 


curves obtained in the presence of the antagonist was somewhat i 


steeper than in the absence of the antagonist. These data suggest 
that the vasopressor antagonist acts directly on the receptor sites 


that are activated by AVP and AVP(4-8) and that mediate the- : 
effect of these peptides on passive avoidance behaviour. TED sF 
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Interaction between a vasopressor antagonist and AVP or 
4-8) following s.c. or i.c.v. treatment using the passive avoidance 
response as test parameter 





Treatment* Latency (s) 

Placebo s.c. Placebo s.c. 101 (51-162)+ 

Antagonist Placebo s.c. 94 (42-127) 
3 ug Sc. 

Placebo s.c. AVP 3 ug s.c. 267 (163-300) 

Antagonist AVP 3 pg s.c. 99] (18-127) 
3 ug s.c. 

Placebo s.c. Placebo i.c.v. 77 (24-112) 

Antagonist Placebo i:c.v, 81 (21-110) 

3 ug se. H 

Placebo s.c. AVP 3 ng iev. 2804 (64-300) 

Antagonist AVP 3 ng i.c.v. 571 (11-69) 
3 pg s.e. 

Placebo i.c.v. Placebo s.c. | 82 (56-93) 

Antagonist Placebo s.c. 95 (82-131) 
3 ng Lc.v. 

Placebo i.c.v. AVP 3 pg s.c. 300} (183-300) 

Antagonist AVP 3 pg s.c. 69], (54-103) 
3 ng i.c.v. 

Placebo i.c¢.v. Placebo s.c. 77 (24-112) 

Antagonist Placebo s.c. 70 (13-110) 
3 ng icv. 

Placebo i.c.v. AVP(4-8) 275f (76-300) 

0.3 ug s.c. 

Antagonist AVP(4-8) 99| (22-172) 

3 ng icv. 0.3 pg s.c. 


Maraea 
The vasopressor antagonist used was d(CH,)Tyr(Me)AVP. Peptides 

were injected immediately (antagonist) and 30 min after the learning 
trial and the latency to enter the dark compartment was measured 24 h 
later, 

* Doses refer to amount of peptide per rat. 

+ Medium within brackets the 25th and 75th percentile of six rats 
per treatment. 

+ P<0.02. Different as compared with simultaneous treatment with 
placebo instead of AVP or AVP(4~8) (Mann-Whitney U-test). 

$ P<0.05; || P<0.02. Different as compared with simultaneous treat- 
ment with placebo instead of antagonist (Mann-Whitney U-test). 


The potency difference between s.c. and i.c.v. treatment with 
AVP and AVP(4-8) (approximately 440 and 23,000 times for 
AVP and AVP(4-8) respectively) demonstrates that these 
receptor sites are located in the brain. This suggestion is further 
supported by data of additional experiments. When the antagon- 
ist was given s.c. and AVP was injected i.c.v. in a dose of 3 ng 
which is inactive after systemic treatment, the effects of AVP 
on passive avoidance behaviour were completely antagonized 
by the vasopressor antagonist (Table 1). Furthermore, a similar 
antagonism was found when the antagonist was injected i.c.v. 


and AVP or AVP(4~8) was administered s.c. (Table 1). These 


; data strongly suggest that the antagonism between the 
< > vasopressor antagonist and AVP or AVP(4-8} occurs in the 






f the peptides, 


central nervous- system both following s.c. and i.c.v. treatment 


Next, the influence of these peptides on blood pressure was 








determined. Rats (200-220 g) were equipped with indwelling 


cannulae in the ventral tail artery 1 day before blood pressure 
registration was performed. The conscious rats were tested in 
their home cage and effects of s.c. or i.c.v. treatment were 
assessed for at least 1 h. Subcutaneous administration of AVP 


(0.3-3.0 jug) induced a dose-dependent increase in blood press- 
ure associated with a bradycardia. The maximal effect was 
obtained between 20 and 40 min after treatment. Data of the 
highest dose at 30 min after injection are presented in Table 2. 


injection (Table 2). Intraventricular injection of 30 ng AVP or | 
03 ng AVP(4-8), which exert maximal behavioural effects, did 





- neuropeptides is in the braint®?5, 
In contrast, s.c. injection of identical doses of AVP(4-8) did -4 so 
not afect blood Pressure and heart rate at any time after antagonist and Organon International for the other peptides 
' The technical assistance of Mrs Joke Cox-van Put is ackno 
edged. 1 







Table 2 Interaction between a vasopressor antagonist 
AVP(4-8) following s.c. and ic.v. treatment using change S 
pressure and heart rate as test parameters 





Blood Heart 
pressure* rate* 
Treatment 4mm Hg Ab.p.m 
Placebo (s.c) | ~0.6+2.6 §+10 
AVP (3 ug, s.c.) 32.3 43.34 —112 +19 
AVP(4~8) (3 ug, s.c.) 2.01.5 -9+9 
Placebo (i.c.v.) 2:82 2.3 -349 
AVP (30 ng, i.c.v.) ~1.843.7 1729. 
AVP(4-8) (0.3 ng, icv.) ~3.2+5.6 17+15 
Antagonist (3 ng, i.c.v.) ~0.7+41 3146 
Placebo (s.c.) 24427 18+6. 
+ placebo (s.c.) i EE ARRE 
Antagonist (3 yg, s.c.) 3.2412 1627 — Sues 
+ placebo (s.c.) CES aS 
Placebo (s.c.) 41.2+4.54 ~-100+14t ee 
+ AVP (3 yg, s.c.) Tene 
Antagonist (3 ug; s.c.) 0.0+2.58§ “32468 i SSS 
+ AVP (3 ug, s.c.) oe 
Placebo (i.c.v.) 36.0-+ 3.0 137418. So ani 
+AVP (3 ug, s.c.) a 
Antagonist (3 ng, i.c.v.) 34.2+6.5 ~140+8 | pee 


+ AVP (3 pg, s.c.) ee 

* Data are expressed as mean (+s.e.m:) changes in blood pressure 
(A mm Hg) and heart rate (A beats per min) at 30 min after last peptide 
injection as compared with baseline values, obtained before treatment, 
Baseline values of all rats: blood pressure 113.2+2.0 mmHg; heart _ 
rate: 386+ 7 b.p.m. The various groups did not differ with respect to 
baseline values. | 

¥ Doses are amount of peptide per rat. The two treatments were i 
given with a time interval of 30 min. | EUEN 

+ Different for placebo-treated rats (P <0.001, Student’s Btest)oo oc 

§ Different from. placebo- instead of antagonist-treated rats (P<. 
0.005, Student's t-test). yt 


not induce a pressor response or bradycardia. The vasopressor _ oe 
antagonist (3.0 ug s.c.) injected 30 min before AVP did not 
affect blood pressure or heart rate per se, but prevented AVP- 
induced pressor response and bradycardia. Intracerebroven- __ 
tricular administration of the antagonist (3 ng) which can block 
the behavioural action of s.c.-i.c.v.-injected AVP and AVP-(4— 
8). (Table 1, Fig. 1) had no effect on the pressor response of © 
s.c.-injected AVP (3g) (Table 2). These data suggest that _ 
AVP exerts its action on blood pressure and heart rate by 

activation of peripherally located receptor systems, which can 
be blocked by the vasopressor antagonist. These receptor sys- a 
tems apparently cannot be activated by AVP(4—-8) and appear 
not to be involved in mediating the effect of the peptides. on 
passive avoidance behaviour, eee 




















activate the ‘behavioural’ receptor. The potent AVP(4-8) p : 


potent! 


tide, derived from [pGlu*, Cyt*]AVP(7-9), that is gener 

from vasopressin® and present in the brain (unpublished dat 
may be related to important endogenous molecules fi rn 
tion of behavioural processes. Interestingly, both the | 
and behavioural receptors can be blocked by the vas 
antagonist used in the present studies. The findings ex 
previous observations'*~"* and support the concept tha 
main locus of the behavioural action of vasopressin and relate 
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At least three different families of endogenous opioid peptides, 
the enkephalins, endorphins and dynorphins, are present in the 
mammalian central nervous system (CNS). Immuno- 
cytochemical studies have demonstrated their localization in 
neurones”, which supports the view that these peptides may 
have a role as neurotransmitters or neuromodulators. However, 
the target cells and cellular processes acted upon by the opioid 
peptides are still largely unknown. One possible function of 
neuropeptides, including the opioid peptides, may be presynap- 
tic modulation of neurotransmission in certain neuronal path- 
ways, for example, by inhibition or promotion of neurotransmit- 
-ter release from the nerve terminals?~'*, Here we report that 
dynorphin and some benzomorphans potently and selectively 
“inhibit the release of (radiolabelled) dopamine from slices of 
rat corpus striatum, by activating «-opioid receptors. In con- 
‘trast, [Leu*]enkephalin and [D-Ala’, D-Leu*]enkephalin selec- 
tively inhibit. acetylcholine release by activating -opioid 
„receptors. 
= Tt has recently become clear that opioid receptors do not 
- constitute a single population. Analysis of the activity of a variety 
of opioid compounds in a number of smooth muscle bioassays 
-as well as in vivo tests has led to a subdivision of opioid receptors 
in pe, 5- and «-receptors'*”"’. Whereas morphine primarily 
- activates y-receptors, [Leu*]Jenkephalin and [p-Ala’*, D-Leu”] 
enkephalin (DADLE) appear to be selective 6-receptor agonists 
- and benzomorphans, such as ketocyclazocine, as well as dynor- 
phin are thought to activate selectively «-receptors'*!?, 
The corpus striatum, a brain structure of major importance 
- for the control of motor activity, receives a rich innervation by 
dopaminergic neurones emanating from the substantia nigra””. 
The striatum is also abundant in acetylcholine and there is ample 
proof that striatal cholinergic interneurones are subject to inhibi- 
tory control by dopaminergic neurones” 7, High levels of the 
- enkephalins are found in the corpus striatum 6-28 and more 
recently also the presence of dynorphin in this brain region has 
been demonstrated”? rimary aim of the present study 


a was to examine whether the release of dopamine and acetylcho- 









line- dulated, possibly in a differential manner, by {Leu*] 
~ enkephalin and dynorphin. — 

Release of the radiolabelled neurotransmitters was studied 
using in v iods?*3!-33, Small slices prepared from the 
i str vere incubated in a physiological medium con- 
low concentrations of *H-dopamine and 'C-choline to 
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Table 1 Effects of dynorphin({ 1-17) and dynorphin(1-13) on the K*- 
induced release of °H-dopamine and '*C-acetylcholine from rat striatal 
slices 


Release (as % of controls) of: 


In presence of 3H-dopamine '4C-acetylcholine 
Dynorphin(1~17) 
0.01 uM 78.4+2.0* 102.2+2.5 
0.1 pM 68.2 + 1.8* 99.4+2,3 
Dynorphin( 1-13) 
0.1 pM 11.4£1.9" 92.5+2.8 
1.0 uM 70.2+2.7* 79.8 + 3.67 


a 


Male Wistar rats (140-160 g body weight) were decapitated, the 


_ corpora striata were dissected and the tissue was chopped into small 


slices (~ 2 X0.3X0.3 mm). The slices were preincubated for 10 min at 
37 °C in 5 ml of Krebs~Ringer~bicarbonate medium in a Dubnoff meta- 
bolic shaking incubator under a 95% O,-5% CO, atmosphere. The 
medium contained 121 mM NaCl, 1.87 mM KCI, 1.17 mM KH.PO,, 
1.17mMMgSO,, 1.22mMCaCl, 25mM NaHCO, and 11.1mM 
glucose; pH 7.4. Then incubation was continued for 15 min with medium 
containing 5 pCi *H-dopamine (specific activity 47 Ci mmol”) and 
2pCi **C-choline (specific activity 59 mCi mmol”). Subsequently, 
labelled slices were transferred to small superfusion chambers (0.25 mi 
volume; about 5 mg wet weight of tissue per chamber), maintained at 
37 °C and superfused at a rate of 0.25 ml min”: with medium containing 
20 pM bacitracin. In each experiment 16-24 superfusion chambers were 
run simultaneously. After 30 min of superfusion (that is, ? = 30 min) 
four successive 10-min samples were collected. At t= 40 min the slices 
were exposed for 2 min to medium containing 15mM K” Gsomolar 
replacement of NaC! by KCI) and then superfusion was continued with 
normal medium. Peptides were present in the medium from 10 min 
before K* stimulation throughout the experiment. At the end of the 
experiment radioactivity remaining in the tissue was extracted with 
0.1 M HCI. The radioactivity in superfusion samples and tissue extracts 
was assayed by liquid scintillation counting. The amount of radioactivity 
present in the slices in each superfusion chamber at the end of the 
experiment varied among the different experiments between 7 x 10* 
and 10°d.p.m. for °H and between 18% 10° and 22% 10° d.p.m. for 
14C, The K*-induced release of radioactivity was determined from the 
difference between the total overflow in the second and third superfusion 
samples (that is, from t= 40-60 min) and the spontaneous efflux esti- 
mated from the radioactivity collected in the first and the fourth 10-min 
sample. The K*-induced release was calculated as per cent of the total 
amount of radioactivity present in the tissue at the time of stimulation. 
The control values (K*-induced release in absence of peptides) varied 
among the experiments between 4.2 +0.1% amd 6.3+0.1% (ref. 4) of 
the total tissue content for 7H-dopamine release and between §,3+0.2% 
and 7.7+0.4% (ref. 4) for '*C-acetylcholine release. Release in the 
presence of peptides has been expressed as per cent of contro] because 
experiments varied. The spontaneous efflux of radioactivity during the 
10-min period preceding K*-stimulation, in the absence of peptides, 
amounted to 0.20-0.25% min”? of total tissue radioactivity (H as well 
as 14C). Each value is the mean +s.e.m. of 12 observations obtained in 
three separate experiments. Statistical significance of the peptide effects 
(compared with controls): * P< 0.001; t P< 0.05; (two-tailed Student’s 
t-test). 


label the neurotransmitter stores in dopaminergic and choliner- 
gic nerve terminals, respectively. Then the slices were superfused 
with physiological medium and after 40 min depolarization- 
induced calcium-dependent release of 7H-dopamine and **C- 
acetylcholine was induced by exposing the tissue to an elevated 
(15 mM) K* concentration, either in the absence (controls) or 
presence of the opioid peptides or drugs examined (see legends 
to tables and figures for experimental details). 

Initial experiments (Table 1)revealed that dynorphin(1-17) 
as well as dynorphin(1-13), at a concentration of 0.1 pM 
inhibited both the spontaneous efflux of tritium (not shown in 
Table 1) and the K*-induced release of 3H-dopamine from 
striatal slices by about 30%, whereas the release of a 
acetylcholine was not significantly affected. Raising the con- 
centration of dynorphin(1~13) to 1.0 pM did not further 
increase the inhibition of °>H-dopamine release, indicating that 
it was already maximal, but at this concentration the peptide 
also affected K*-induced '*C-acetylcholine release, reducing it 
by about 20%. | 
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Fig.1 Effects of the x-opiate receptor agonists-dynorphin(1-13), ketocyclazocine and bremazocine on the K*-induced release of H-dopamine o 
and '*C-acetylcholine, respectively, from rat striatal slices. Preparation and incubation of the slices were carried out as described in the legend 
to Table 1. The superfusion procedure was analogous to the cumulative dose-response technique developed previously for studying presynaptic 
receptors in brain slices*’. After 40 min superfusion with medium containing 20 uM bacitracin the slices were exposed continuously to 





15 mM K*. From ¢ = 50 min increasing concentrations of the drug were added cumulatively to the medium with 10-min intervals. The inhibitory a 
effect of the drug was determined by comparing the K*-induced release of °H-dopamine in its presence with the release found in control ae 
chambers containing slices not exposed to the drug. (See ref. 33 for a detailed description of the method and of the calculation of the data.) : xe 


Each value is the mean +s.e.m. of 12-16 observations obtained in 4-5 separate experiments. 


In further experiments the concentration-response relation- 
ships of the release-inhibiting effects of dynorphin(1-13) and 
other «-receptor agonists were determined precisely. Figure 1a 
shows that dynorphin(1-13) inhibits K*-induced *H-dopamine 
release with an ECs, (that is, the concentration causing half- 
maximal inhibition) of approximately 5 nM. An almost identical 

-concentration-response relationship was found for the inhibi- 
tory effect. of dynorphin on the spontaneous efflux of tritium 
(not shown). Similarly, the benzomorphans ketocyclazocine and 
bremazocine also inhibited both the spontaneous and the K*- 
induced release of *H-dopamine with ECs o values in the 
nanomolar range (Figs 1b, c), whereas '*C- -acetylcholine release 
was not significantly affected up to and including the maximal 
concentration tested (0.3 uM). 

In contrast to dynorphin, [Leu°Jenkephalin and DADLE, at 
concentrations up to-0.3 uM, did not significantly affect *H- 





dopamine release, but these peptides inhibited the K*-induced 


release of ‘*C-acetylcholine with ECso values of approximately 
0.1 and 0.03 uM; respectively (Fig, 2). The near-maximal inhibi- 
tory effect appeared to be reached at 1.0 uM. At this concentra- 


tion both peptides caused a slight inhibition (by 10-15%) of 


_ the spontaneous efflux of '*C and also affected *H-dopamine 
release, reducing it by about 15% (Fig. 2). Note that our finding 
that [Leu”Jenkaphalin as well as DADLE did not appreciably 

modulate or, if anything, inhibited (at concentrations > 1 uM) 

he release of Hedepamine contrasts 5 with recent data pains 







othe app yarent ‘discrepancy b between our finding and heirs, 
Morphine (0.1-3.0 uM), the prototype u- opioid receptor 
3 agonist, did not affect the release of 7H-dopamine nor that of 
C-acetylcholine from striatal slices (data not shown). This 
agrees with findings reported by others?’ >, although at high 
concentrations (> 104M) morphine may cause inhibition of 
dopamine or acetylcholine release from striatal slices**??, 





Together our data lead to the tentative conclusion that dynor- E 


phin inhibits dopamine release by activating «-opioid receptors; : 
whereas the inhibitory effect of [Leu"]enkephalin on acetylcho- -< 
line release in the corpus striatum is mediated by 6-opioid 


receptors. The inhibitory effects of dynorphin and 





i ~ legend to Fig. 1. Each value is the mean +s.e.m. of 12-16 observa- 


cl legend to Table 1. The superfusion procedure was analogous to 


{Leu} enkephalin were relatively insensitive to the opiate anta- 
gonist naloxone, which agrees with the view that both k- and 
5-receptors require higher concentrations of naloxone for: 
antagonism than w-receptors'”’*. Thus, the inhibition of H- 
dopamine release caused by 0. 03 uM dynorphin remained 
unaffected by 0.01 uM naloxone and was only partly anta on- 
ized by 0.1 pM naloxone (Table 2). The inhibition of C- 
acetylcholine release by 0.3 uM [Leu ]enkephalin too was not 
affected by 0.01 pM naloxone, but was largely reversed by 
0.1 uM of the antagonist. On the other hand, the inhibitory 
effect of 0.3 yM [Leu*]enkephalin on the K*-induced release 
of *H-noradrenaline. from hippocampal slices, which is mediated | 
by -opioid receptors", appeared to be antagonized largely. 
by only 0.01 pM naloxone (Table 2). - 
Although the functional implications of these findings remain 
to be elucidated, to our knowledge this: is the first demonstration, a 
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Fig.2 Effects of the 6- piate receptor agonists. [Leu*jenkephatin Le 
and DADLE on the K”*-induced release of 7H- -dopamine and). 
'*C-acetylcholine, respectively, from rat striatal slices. Preparation 
o and incubation of the slices were carried out as described in the 


~ the cumulative dose-response technique” described briefly in the 


tions obtained in 4-5 separate experiments. 
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Table 2 Antagonism by naloxone of the release-inhibiting effects of dynorphin(1—1 3) and [Leu*Jenkephalin 


Release (as % of controls) of: 


r ai 


3}{-dopamine 14C-acetylcholine 3H-noradrenaline 

In presence of (striatum) (striatum) (hippocampus) 
Dynorphin( 1-13) 0.03 pM 70.7 £2.7 —— —_ 
Dynorphin(1-13) 0.03 pM + naloxone 0.01 yM 73.6+3.9 _ —_ 
Dynorphin(1-13) 0.03 pM + naloxone 0.1 pM 85.1+4.5t — —_ 
[Leu*]enkephalin 0.3 yM — 65.0+ 3.0 62.242.5 
{Leu enkephalin 0.3 pM + naloxone 0.01 yM — 69.9+4.3 85.94 3.6" 
[Leu*Jenkephalin 0.3 pM + naloxone 0.1 pM — 89.4 + 3.8* 93.64 3.2* 





The release experiments were carried out as described in the legend to Table 1, except that the striatal slices were labelled with either °“H-dopamine 
or '*C-choline. Furthermore, hippocampal slices were labelled by incubation with 31-noradrenaline (specific activity 39 Ci mmol”; 5 pCi 5 mi~?) 
and during superfusion release was induced by exposing the slices to 10 mM K* for 2 min. The control values of K*-induced 3H-noradrenaline 
release (in excess of spontaneous efflux) varied between 3.3+0.1 and 3.9+0.2% (4) of the total tissue content. Naloxone, when used, was added 
to the superfusion medium 30 min before K* stimulation and was present throughout the experiment. At the concentrations used naloxone by 
itself did not significantly affect the release of 3}-dopamine, '*C-acetyicholine or 344-noradrenaline. Each value is the mean +s.e.m. of 12 
observations obtained in three separate experiments. Statistical significance of antagonism by naloxone (compared with the peptides alone): 

P<0.01, tP <0.05. 


that members of two different opioid peptide families may have O 
differential presynaptic modulatory effects on the release of 3 
neurotransmitters in a particular region of the central nervous VIP and noradrenaline act 


system. Furthermore, the differential inhibition of striatal `H- . ge 2 arnon 
dopamine and '*C-acetylcholine release caused by activation of synergistically to increase 
K- and 8-receptors, respectively, may be utilized as a functional cyclic AMP in cerebral cortex 
paradigm in the search for new drugs, particularly antagonists, 
with selectivity for either of these opioid receptors in the brain. 
We acknowledge the generous gifts of dynorphin (Organon), 
ketocyclazocine (Stirling Winthrop) and bremazocine (Sandoz). * ; . ETER 
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Fig. 1 Synergism between VIP and NA in the stimulation of 
cyclic AMP formation by mouse cerebral cortical slices. Mice were 
decapitated, the brain rapidly removed, and the cerebral cortex 
dissected on ice and placed in a modified Krebs-Ringer bicarbonate 
buffer (KRG). containing 120 mM NaCl, 5mMKCI, 2.6 mM 
CaCl, 0.67mMMgSO,, 1.2mMKH;PO,, 3mM glucose, 
27.5 mM NaHCO; and previously gassed with O,:CO, (95:5) to 
maintain pH 7.4, Cortical slices, 250 x 250 ym, were then prepared 
on a Mcilwain tissue chopper and resuspended on ice-cold KRG 
(6 ml per cortex). After replacing the buffer, the slices were incu- 
bated at 37 °C under vigorous shaking and continuous gassing with 
O,:CO, (95:5). After 15 min the medium was again replaced and 
aliquots (~2 mg protein per ml) were pipetted into individual 
tubes. Tubes were gassed with a stream of O,: CO, (95:5), capped 
and incubated at 37°C. After 30 min, drugs or KRG were added, 
and the tubes regassed, recapped and incubated for additional 
10 min. Antagonists were added 2 min before NA or VIP. The 
incubation was terminated by a rapid centrifugation followed, after 
replacement of the supernatant with fresh medium, by a sonication 
for 5s. Samples were boiled for 10 min, centrifuged, and cyclic 
AMP measured in the supernatants as described below. Aliquots 
of the supernatants (10-100 ul) were lyophilized and resuspended 
in 20 wl of a Tris/ EDTA (0.05 M/4 mM} buffer, Cyclic AMP was 
then determined according to the saturation assay method 
described by Brown et al.'”, Experimental values were calculated 
by computer from a standard curve ranging over 0-16 pmol cyclic 
AMP. Proteins were determined in the pellets as described by 
Lowry et al.'®. In all conditions where drugs were tested, cyclic 
AMP levels were significantly increased over basal levels (P< 
0.001). Absolute cyclic AMP levels were (pmol per mg protein 
ts.e.m., n= 8-17): basal, 13.8+0.91; VIP 1M, 211.9+ 16.7: 
NA 10 uM, 67.944; VIP 1 aM+NA 10 uM, 648.7+ 54.5; VIP 
1uM+NA 104%M+phentolamine 100 eM, 274.6%24.4. VIP 
l u1M+NA 10 uM + propranolol 100 HM, 538 +20. Neither phen- 
tolamine nor (+ )propranolol antagonized the accumulation of 
cyclic AMP induced by VIP (not shown). The effects on cyclic 
AMP levels of VIP plus NA in the presence of the adrenergic 
antagonists were always compared with those of VIP and NA, 
alone or combined, within the same experiment. *, Significantly 
_ different from the sum of VIP and NA tested separately (P< 0.001) 
by Student’s t-test. 0= 0, Not significantly different from the sum 
of VIP and NA tested separately by Student's t-test. 


Spanning a vast expanse of cortex, with their cell bodies located 


in the nucleus locus coeruleus in the brain stem''!>. In the 
cerebral cortex, NA, like VIP, stimulates cyclic AMP forma- 
tion'* and promotes glycogenolysis'* via a calcium-dependent 


activation of phosphorylase b (ref. 16). VIP and NA are thus 


contained within cortical neuronal systems of a contrasting 
although complementary nature, and share certain cellular 
actions’. — 

We first examined the effect of a combination of 1 pM VIP 
and 104M NA on the formation of cyclic AMP by mouse 
cerebral cortical slices. Swiss male albino mice (18-20 g) were 
used throughout the study and cerebral cortical slices were 
prepared as previously described'®!* (see Fig. 1 legend for 


details). As shown in Fig. 1, the increase in. cyclic AMP levels 





induced by 1 pM VIP in the presence of 10u \ is approxi- 
mately 2.5 times greater than the sum of cyclic AMP levels 
















Table 1 Effect of adrenergic agonists on the VIP-induced accur 
of cyclic AMP i ee 






Cyclic AMP lev 






Concentration | vel 
Drugs added (uM) (pmol per mg protei 
None 12.1 +0.39. 
VIP 1 221.94132. 
Isoprenaline 50 19,.0+1.8* 
Phenylephrine 50 13.804 
VIP + 1 w 
isoprenaline 50 222.9+ 22 
VIP+ — 1 a 
phenylephrine 50 412,743 






Methods are described in Fig. 1 legend. Results +s.e.m.:are fro 
9-19 determinations. ee ae 
* Significantly different from cyclic AMP levels in the absence of — 
added drugs (P<0.001), by Student’s t-test. ed 
t Not significantly different from 1 pM VIP, by Student’s ttest. 
f Significantly different from 1 uM VIP ((P<0.001), by Student's _ 
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Fig.2 Effect of 5 x 10~° M phenylephrine (PE) on the concentra~ o 

tion-response curve of the stimulatory effects of VIP on cyclic - 

AMP formation in. mouse cerebral cortical slices. Methods are. 

described in Fig. 1 legend. Coordinates for the inset are thesame 

as for the main graph. @, VIP+5 x 107° M PE; ©, VIP alone. The 

hatched line refers to cyclic AMP levels +s.e.m. in the presence ees 
of 5X 107° M PE. Each point on the curve is the mean tseem of. 

four determinations, Basal cyclic AMP levels were 12064 

0.29 pmol per mg protein. The potentiating effect of 5x107°M_ 

PE was highly significant at each VIP concentration (P between 

| <0.001 and 0.05). 


formed in the presence of the same concentrations of each 2 
compound tested separately, thus demonstrating a synergistic oag 
effect of VIP and NA in stimulating cyclic AMP formation. 
Note here that this synergistic interaction is also fully expressed 
in the presence of the adenosine antagonist theophylline (not 
shown). > A a 
As shown in Fig. 1, the synergistic effect of 1 uM VIP and 
104M NA was antagonized by the specific a-adrenergic 
agonist phentolamine (100 pM) but not by (+)propranolol 
(100 uM), a specific B-adrenergic antagonist. ae. 
Furthermore, as shown in Table 1, the specific a-adrenerg: 














antagonist phenylephrine (PE), at 50 pM, significantly potent 
ated the stimulating effects of 1 pM VIP on cyclic AMP forms 
tion; in contrast, in the presence of the specific B-adren 
agonist (~)isoprenaline at 50 uM, the levels of cyc 

generated by 1 M VIP were not significantly different fr 


those observed in the presence of 1 uM VIP alone. _ i 
Finally, the effects of a fixed concentration (50 uM) of ph 





ephrine on the concentration-response curve of the sti 
effects of VIP on cyclic AMP formation were examin 
2 shows, there was a leftward shift of the concentra 
curve, with a significant (P < 0.05) increase in the maxin 
from 391.9+37.2 to 498.4+ 36.7 pmol cyclic AMP per 













protein +s.e.m. Only a modest decrease in the ECso from 


800 nM to 600 nM (assessed by Eadie~Hofstee transformation) 
was thus observed. 

In the present series of experiments we have demonstrated 
that NA and VIP display a synergistic effect on the formation 
of cyclic AMP by mouse cerebral cortical slices. Experiments 
with the adrenergic antagonists phentolamine and (+)- pro- 
pranolol suggest that activation of a-adrenergic receptors may 
be involved in this synergism. 
> In view of the neuronal organization of the cortical VIP- and 
NA-containing systems, several remarks regarding the cellular 


actions of the two neurotransmitters can be made. Thus, on the 


- > basis of the demonstration of a glycogenolytic action of VIP 
‘and NA in the cerebral cortex'*'*, it was proposed that the two 
neurotransmitter systems could regulate cortical energy meta- 
bolism in a complementary manner*’°-—-VIP locally, within 
radially oriented, circumscribed transcortical volumes, and NA 
globally, throughout functionally distinct regions of the cerebral 
cortex. The functional synergism between VIP and NA in stimu- 
lating cyclic AMP formation demonstrated in the present report 
indicates that VIP and NA could in fact act physiologically in 
«concert within a volume of cerebral cortex delineated by the 
intersection of active noradrenergic fibres and a group of VIP 
-intracortical neurones. This synergism would lead to the genera- 
tion of a ‘metabolic hot spot’ within the cortex where cyclic 
AMP levels would be drastically increased over those in sur- 
rounding regions, and activate those intracellular mechanisms 
that are regulated by cyclic- AMP dependent phosphorylations. 
In conclusion, the recently advanced concept that VIP and 
NA may constitute an example of complementarity between 
neuronal systems controlling cortical homeostasis* can now be 
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extended to one of convergence, at least for those cellular events 
that are activated by increases in intracellular cyclic AMP. 
Furthermore, the demonstration of a synergistic effect of VIP 
and NA on an intracellular event strongly suggests that the two 
neurotransmitters may act, at least in part, on identical target 
cells in the cerebral cortex. 
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The venom of the fish-eating marine mollusc, Conus geographus, 
contains several neurotoxic peptides having different targets’. 
A novel peptide has recently been isolated from the venom of 
MG geographus by Drs B. M. Olivera and W. R. Gray and 
colleagues in our department (in preparation). We report here 
<- that this peptide, designated wCgTX (omega C. geographus 
< toxin), irreversibly blocks nerve stimulus-evoked release of 
= transmitter at the frog skeletal neuromuscular junction. Experi- 
~ ments indicate that the toxin acts by preventing Ca”* entry into 
-= the nerve terminal during the presynaptic action potential. 


ee Consistent with this is the demonstration that wCgTX also 
_ irreversibly attenuates the Ca** component of the action poten- 


~~ tial in dorsal root ganglion (DRG) neurones from embryonic 
© chick. aCgTX thus provides a unique and potentially powerful 
probe for exploring the presynaptic terminal. 

Isolated cutaneous pectoralis muscle~nerve preparations from 


k frog (Rana pipiens) were examined by conventional recording 


techniques. Unless indicated otherwise, the preparations were 
bathed in normal frog Ringer’s consisting of (in mM): NaCl 
113, KCI 2, CaCl, 1. 8, HEPES 10, adjusted to pH 7.2 with 
NaOH. For ‘Mg?*-Ringer’ s, MgCl, was substituted for CaCl. 


- Neurones in isolated dorsal root ganglia from chick embryos 
(20 days old) were examined in a solution consisting of (in mM): 


“1 152, KCI 3, CaCl, 10, MgCl, 1, glucose 6, tetraethylam- 

1onium chloride (TEA) 10, HEPES (as above). All experiments 

were performed at room temperature. 

When muscle preparations were exposed to ~5 pM wCgTX, 
endplate potentials (e.p.ps) evoked by nerve stimulation were 
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Fig. 1 wCgTX affects neither the m.e.p.p. amplitudes nor the 
increase in m.e.p.p. frequency induced by hypertonicity. a, Mean 
amplitudes of m.e.p.ps from a fibre before (left) and after (right) 
treatment with wCgTX (error bars denote standard errors; n = 50), 
b, Increases in m.e.p.p. frequency induced by shifting from normal 
Ringer’s to a hypertonic (normal Ringer’s with 24 mM sucrose) 
solution before (left) and after (right) treatment with wCgTX. 
Higher concentrations of sucrose (for example, 240 mM) increased 
the m.e.p.p. frequencies of both control and toxin-treated fibres 
to levels which precluded accurate measurement. The m.e.p.ps of 
the toxin-treated preparations were assessed only after it was 
ascertained that the toxin had totally blocked e.p.ps evoked by 
nerve stimulation. 


completely abolished within 15 min. This block persisted even 
after the preparations were washed extensively (for example, 
8h at room temperature followed by 48h at 4°C). Lower 


concentrations of toxin (for example 50 nM) were also effective 


but required longer exposures. 

Although the e.p.ps were totally abolished by wCgTX, the 
spontaneous miniature endplate potentials (m.e.p.ps) were 
unaffected (Fig. 1a). Furthermore, muscle action potentials and 
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Fig. 2 Conduction of action potentials to, and within, presynaptic nerve terminals is not blocked by wCgTX. The preparation was in. =- 
Mg’*-Ringer’s, and the tip of an extracellular (1M CaCl,) microelectrode was placed, under visual guidance (see, for example, ref; 18), Oe 
the surface of two fibres either abutting the nerve terminal (synaptic site) or elsewhere (extrasynaptic site) as indicated in the diagram on the 


left. The traces represent an average of 30 responses to nerve stimulation at 0.5 Hz. a, Before toxin treatment, the extracellularly recorded 

presynaptic action potential (star), and the postsynaptic endplate current (e.p.c.) were recorded from synaptic sites on both fibres (positions 

l and 2) following the stimulus artefact. (arrow) (left-hand traces). b, After exposure to wCgTX, no postsynaptic e:p.c. response was recorded 

although the presynaptic response (star) remained quite evident at both synaptic sites. As a control; the electrode was placed on an extrasynaptic 

site (position 3) of a fibre, only the stimulus artefact (arrow) was recorded. This indicates that the starred responses in the preceding traces 
were, indeed, focal responses from the nerve terminal. 


contractions in response to direct electrical stimulation were 
unaffected by the toxin (not shown). Thus, wCgTX does not 
have any obvious postsynaptic effects. 

wCgTX does not block release per se as is evident from the 
spontaneous m.¢.p.ps which persist after exposure to wCeTX. 
Furthermore, transmitter release, in the form of increased 
m.¢.p.p. frequency induced by hypertonicity*’, is not blocked 
by the toxin (Fig. 15). Toxin treatment itself produced no 
conspicuous changes in m.e.p.p. frequency, but further experi- 
ments are necessary to determine whether there might be sig- 
nificant, albeit small, changes. 

To test whether wCgTX acted by blocking the propagation 
of action potentials to, or within, the presynaptic terminal, we 
recorded these potentials directly by using focal extracellular 
electrodes (Fig. 2). The preparation was set up in Mg**-Ringer’s 
so that synaptic transmission was blocked® to prevent the muscle 
from twitching in response to nerve stimulation. However, the 
extracellular recording electrode contained 1M CaCl, and 
sufficient Ca** diffused from it to restore synaptic transmission 
focally near its tip (see, for example, ref. 9); Before wCeTX 
treatment, the extracellular electrode recorded both the impulse 
in the presynaptic terminal and a postsynaptic endplate current. 
On exposure to toxin, the presynaptic response persisted 

whereas, as expected, the postsynaptic response was completely 
~- abolished. This indicates that wCgTX blocks synaptic trans- 

_ mission without interfering with the propagation of action poten- 
tials in the nerve terminal. 

To gain further insight into the mechanism of action of 
wCgTX, we examined its effect before total block of synaptic 
transmission. After oCgTX is administered, but before &.p.ps 
are totally eliminated, there is a period when the responses to 
nerve stimulation are failures interspersed with e.p.ps whose 
amplitudes are discrete multiples of m.e.p.p, amplitudes. This 
condition is similar to that found in normal muscle when the 








quantal content (m) is low (for example, see ref. 8). The partially. 
blocked preparation can be kept in this condition by simply- 
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Fig. 3 wCgTX reduces neurotransmitter release. This prepar- 
ation was briefly treated with toxin and washed free of unbound 
toxin when synaptic transmission. was only partially blocked, The 
nerve was stimulated at 1 Hz. a, Sample records in normal 
(1.8 mM) Ca**. Note the failure and multiquantal responses. The 
quantal content m. was 1.1 (80 trials). b, Sample records when 
[Ca**] was raised to 11.8 mM, m was increased to 3.2 (80 trials). 
A spontaneous m.e.p.p. is present on the tail of a response in each 
frame. 


Ca** concentration ([Ca?*]) above normal (Fig. 3b). m, Deter- 
mined by the ratio of the average e.p.p. to the average m.ep.p. 
and m determined by the method of failures (that is, m = Infno. | 
of trials/no. of failures]) were essentially the same in each 
condition indicating that release followed Poisson statistics®. ine 


this regard, wCgTX produces a state resembling that normally _ = 


achieved by reducing the external [Ca?*] (see, for example, 
ref. 8) or by adding a powerful Ca?” antagonist such as Mn?” 
(ref. 10). | tea ee 


Taken together, the results indicate that the toxin acts by nies 
interfering with Ca** entry into the nerve terminal during the. 
presynaptic action potential. To substantiate this point, we 


examined the effect of wCgTX on the contribution of Ca?* to. 
the action potential in DRG neurones from embryonic chick 


_ washing the toxin out. Figure 3a shows sample responses from en 
a fibre in such a partially blocked state. Transmitter release im fro 


this preparation could be increased by elevating the ex tracellular 
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Fig. 4 Effect of wCgTX on the action potential from a chick 
DRG neurone. The membrane potential of the cell body was 
monitored with an intracellular electrode while brief pulses of 
suprathreshold depolarizing currents “were injected (arrow) 
through the same electrode via a bridge circuit. a, Neurone before 
treatment with wCgTX—note the prolonged Ca?* plateau follow- 
ing the fast Na* spike. b, Same neurone after exposure to wCgTX; 
the plateau has disappeared although the fast Na* spike remains 
unaltered. The effect of the toxin could not be reversed by washing. 
The stimulus artefact (arrow) is larger in b because a stronger 
current pulse was used. The preparation was exposed to 10 mM 
TEA throughout. 


` plateau is obliterated by the Ca”* antagonist Mn” (not shown). 
Significantly, the plateau is also obliterated by treatment with 
- wCgTX without altering the fast Na” spike (Fig. 4b). Thus the 
-toxin in some way affects Ca?” entry during an action potential. 
This could possibly be achieved either by interfering directly 
with Ca?* channels’, or by augmenting or hastening the increase 
of K* conductance during the action potential and thereby 
“suppressing the activation of the voltage-sensitive Ca?” chan- 
nels. Further experiments are needed to distinguish between 
these possibilities. 

The mode of action of oCgTX is novel and quite distinct 
from those of previously characterized peptide toxins from 
bacteria (for example, botulinum toxin) and venoms of snake 
(for example, B-bungarotoxin) and spider (for example, a- 
-Jatrotoxin) which act presynaptically (for reviews, see refs 13, 
14). In contrast, wCgTX behaves much like the peptide 
enkephalin which also blocks the Ca?” component of the action 
potential in cultured DRG neurones from chick’” and the release 
of transmitter at the frog neuromuscular junction’®. Unlike 
wCgTX, however, the effects of enkephalin are readily 
reversible. 

A preliminary survey reveals that wCgTX also irreversibly 
blocks synaptic transmission in the spinal cord and sympathetic 
ganglion from frog’®. Thus, @CgTX is effective at several differ- 
ent, if not all, chemical synapses in frog. 

We thank Drs B. M. Olivera, W. R. Gray and their associates 
for providing #CgTX, and Dr L. M. Okun for critical suggestions 
and for unpublished data on non-dissociated DRG neurones 
from embryonic chick. This work was supported by NIH grants 
-.NS15543 and NS00465, and a Muscular Dystrophy of America 

_ postdoctoral fellowship (to L.M.K.). A preliminary report of 
~ this work was presented at the annual meeting of the Society 
for Neuroscience’’. 
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Fetal lung maturation, especially the onset of surfactant forma- 
tion by alveolar type II cells, seems to be regulated by 
endogenous fetal glucocorticoids”. Recent studies** suggest 
that glucocorticoids do not act directly on the type II cell but 
rather on the lung mesenchyme. In response to glucocorticoids, 
the mesenchyme produces and secretes a polypeptide, fibro- 
blast~pneumonocyte factor, which in turn stimulates surfactant 
synthesis by the alveolar type II cell®. We report here the 
generation of hybridomas secreting monoclonal antibodies -to 
rat lung fibroblast-pneumonocyte factor. Two monoclonal anti- 
bodies studied in detail reduced the cortisol-stimulated syn- 
thesis of saturated phosphatidyicholine in organotypic cultures 
of fetal rat lung cells and blocked the stimulatory effect of 
fibroblast-pneumonocyte factor in type H cells from these 
cultures. When embryonic chicks were injected on day 15 of 
incubation with either monoclonal antibody, they showed on 
days 20 and 21 biochemical evidence of delayed lung maturation 
as compared with controls. These effects were organospecific. 
Our observations support a physiological role for fibroblast- 
pneumonocyte factor in prenatal lung maturation. 

We generated hybridomas that produced antibodies to fibro- 
blast-pneumonocyte factor (FPF) by fusion of spleen cells from 
immunized mice with NSI myeloma cells. Partially purified FPF 
was prepared by gel filtration of conditioned medium (FCM) 
from cortisol-treated fetal lung fibroblasts on Biogel P-60 (ref. 
5). The factor (200 ug of protein) was further purified by SDS- 
polyacrylamide gel electrophoresis” and duplicate gels were then 
either stained for protein with Coomassie brilliant blue G or 
fixed in 1 M acetic acid. The fixed gel was sliced into 10 5-mm 
pieces and each piece was homogenized in 1.5 ml saline by 
pushing the gel-saline mixture through sequentially smaller 
needles (18-26 gauge). 

Ten female BALB/c mice were immunized with the corre- 
sponding homogenates. Each mouse received, in 4-week inter- 
vals, three intraperitoneal injections (0.5 ml) of homogenate 
from one of the bands. Analysis at 12 weeks demonstrated that 
sera from the two mice injected with gel fractions containing 
polypeptides of apparent molecular weight 5,000-10,000 
blocked the effect of FCM in the bioassay’. In contrast, pre- 
immune sera from these mice did not block the FCM effect. 
These mice received a booster injection of 0.5 ml FCM 
intraperitoneally. Three days later the mice were killed and 
their spleens removed for hybridization. | 

The spleen cells were fused with NS1 myeloma cells using 
polyethylene glycol as described by Kohler and Milstein® to 
produce hybridomas. Supernatant fluids from the resulting 
hybridoma cells were tested for the presence of antibody in a 
bioassay, as previously described’. From two independent 
fusions we obtained hybridomas in 83 wells. Of 22 hybrid cells 
which secreted antibodies against FPF, 2 hybridomas, termed 
H1 and 2D2, which produced antibodies with the highest biologi- 
cal activity as assessed by the bioassay, were successfully grown 
intraperitoneally in BALB/c mice. Both hybridoma antibodies 
were found to be IgM as determined by double immunodiffusion 
using specific antisera. We purified the antibodies from ascites 
fluid collected from inoculated BALB/c mice by ammonium 
sulphate precipitation and Sephadex G-200 chromatography. 
The IgM-containing fraction was dialysed against 5 mM Tris- 
HCI pH 7.5, which caused precipitation of IgM. The precipitate 
was redissolved in 0.1 M Tris-HCI pH 8.6, and dialysed against 
Tris-buffered saline pH 8.6. 
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ect of anti-EPF antibodies on saturated phosphatidyicho- 
°) formation by fetal rat lung type H cells in organotypic cultures 


Choline incorporated 
(d.p.m. per 10° ceils, 


Medium addition mean +s.d., 1 = 4) 


None 4,318+110 
Cortisol 7,871 +1,113* 
Cortisol + antibody 2D2 3,973 + 587 
Cortisol + antibody HI 3,938 +933 





Organotypic cultures were prepared with lung cells from fetal rats at 
19 days gestation and maintained as described previously”. The medium 
was replaced with minimal essential medium containing 1 pCi ml! 
*H-choline (final specific activity 0.14 Ci mmol”), the control condition, 
and either 1077M cortisol, 107’ M cortisol plus antibody 2D2 (final 
concentration 43 yg ml~') or 107’ M cortisol plus antibody H1 (final 
concentration 38 pg ml~'). The incubations were terminated after 20 h 
by isolating type II cells from the organotypic cultures’®. Lipids were 
extracted and analysed’: In separate experiments, the antibodies did 
not reduce activity in cultures which had not been exposed to cortisol 
(data not shown), 

* P= 0.0007. 


These monoclonal IgM antibodies blocked the cortisol-stimu- 
lated incorporation of labelled choline into saturated phos- 
phatidyicholine (SPC) by alveolar type H cells in organotypic 
cultures from fetal rat lung (Table 1). This observation indicates 
that FPF is involved in the effect of cortisol on surfactant 
synthesis by fetal lung type II cells in this heterogeneous system. 

Furthermore, when alveolar type II cells were isolated from 
organotypic cultures and grown as monolayers’, one of the 
antibodies (2D2) blocked the FPF effect (Table 2). In addition, 
this blocking activity could be removed by prior incubation with 
rabbit anti-mouse IgM and its specificity is demonstrated by the 
observation that IgM purified from non-immune mouse serum 
has no effect on FPF action in the bioassay (Table 2). 

Because IgM antibody does not cross the mammalian 
placenta, and as maternal laparotomy with direct fetal injection 
itself accelerates fetal lung maturation, we selected embryonic 
chicks as a model for further investigating the role of FPF in 
lung maturation in vivo in baseline conditions. Recent 
studies’**' have demonstrated that avian lung maturation is 
under hormonal control and that a variety of fetal (embryonic) 
lung fibroblasts (including chick) produce apparently identical 
FPF-like activity’. 

Monoclonal antibody (2D2) was injected intraperitoneally 
into chicks on day 15 of incubation (hatching 22 days). A dose 
was chosen, based on the in vitro observations and assuming 
even distribution throughout the egg contents, which would give 
50% inhibition of type II cell response to FPF. On day 21 of 
incubation, the chicks were killed and lung maturity was studied. 


Table 2 Effect of anti-FPF antibody (2D2) on the stimulation of SPC 
-synthesis by alveolar type II cells in response to. cortisol-fibroblast 
Si conditioned medium 





Choline incorporated 
{d.p.m. per 10° cells, 


Medium Addition meants.d., n= 4) 
MEM None 2,100 + 135 
MEM Anti-FPF IgM (1 pg mi’) 2,218 £74 
FCM None 4,490 + 344* 
FCM Anti-FPF IgM (1 wg ml™!) 2,390 + 331 
FCM Anti-FPF IgM (1 pg mi~') 4,359 + 533* 

' +rabbit anti-mouse IgM 
(25 wg mi~’) 
FCM Mouse IgM (1 pg mi’) E 4,196 +409* 





-Type II cells were isolated from organotypic cultures, grown as 
monolayers”, and studied as indicated in Table 1: FCM, cortisol-fibro- 


blast conditioned medium; MEM, minimal essential medium. 


— *P<0.001. 
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activity 0.14 Ci mmol”) at 38 °C. The incubations were terminated by 
placing the incubation vessels on ice and washing the tissues with 10 ml. 
of cold medium. Lipids were extracted and separated by TLC and SPC 
was isolated’. The radioactivity incorporated into PC and SPC was - 















Table 3 Effect of monoclonal antibody (2D2) on lung matu 
ovo AS 

Individual phospholipids expressed as % of 

total phospholipids (mean +s.d., n=3) | 


PC. PE Sph PI/PS PG: 
Control 45.34 220+ 247% 70t 3.04 
"AS 7.0 4.5 07 8644 
Experimental 42.24 231+ 2544 76+: 3i 
6.2 8.7 19 45 >Q 
SPC as % of phosphatidylcholine 
Control 46.5 + 3.6 ese 
Experimental 32.9+6.7* | 


White Leghorn eggs were maintained from day 1 at 38°C. On day __ 
15 the chicks were. injected intraperitoneally with either antibody — - 
(278 ug protein in- 0.1 mi Tris-buffered saline, pH 8.6). or vehicle 
(0.1 ml), On day 21 chick lungs were removed, weighed and homogen- 
ized in cold methanol. Lipids were extracted from lung tissue and __ 
separated into individual classes by TLC. SPC was isolated by the _ 
osmium tetroxide method and TLC. Phospholipids were measured by _ 
assaying phospholipid. phosphorus’. Abbreviations: PC, _ phos- 
phatidylcholine; SPC, saturated phosphatidylcholine; PE, phospha- 
tidylethanolamine; Sph, sphingomyelin; PI, phosphatidylinositol; PS, oe 
phosphatidylserine; PG, phosphatidylglycerol. oe 

*P<0,05. 


No significant differences (P>0.05, Student’s t-test) were — 
observed (experimental versus control, means+s.d.) in lung 
weight (10.0 + 1.4 versus 9.0 + 1.4 mg per g body weight) or total — 
lung phospholipids (8.17+0.19 versus 7.92 + 1.96 pmol per g 
lung weight). The pulmonary phospholipid profile of control 
lungs was comparable with that of previous studies'*, indicating 
that the injection did not affect lung maturation (Table 3). We 
observed a significantly lower content of saturated phos- 
phatidylcholine, the major surface-active component of pul- 
monary surfactant, in lungs from chicks injected with antibody 
2D2 (Table 3). The per cent saturation of phosphatidylcholine 
found in the experimental lung on day 21 of incubation was 
similar to that reported previously’* for lung from chicks on. 
day 14. A separate experiment showed that, compared with 
controls, labelled choline incorporation into SPC of chick lung 
was decreased in chicks injected on day 15 of incubation with 
antibody H1 (Table 4). : 
The organ specificity of the antibodies was determined b 
measuring enzyme activities in two other foregut derivatives, 
the duodenum and liver. Preliminary evidence suggests that the 
effect of glucocorticoids on epithelial differentiation in both 
organs involves mesenchymal—epithelial interactions!**, No 
significant differences were observed in duodenal alkaline phos- 
phatase (67.1 +36.8 versus 38.5+22.3 pmol per min per mg — 
protein, experimental versus control) and liver tyrosine — 





sans Eee 


monoclonal antibody H1 on SPC synthesis in = 
embryonic chick lung — = SS eg cate 









Choline incorporation E 
(d.p.m. per mg protein, mean +s.d., n al) 
PC . SPE SPC as % of F 


9,755+1,576  3,005+424 
9,056 + 646 1,815+197* 


Control 
Experimental 









Chicks were injected intraperitoneally on day 15 of incubation wit 
either antibody (415 yg protein in 0.1 mi Tris-buffered saline, pH 8,6 
or vehicle (0.1 ml). On day 20 lungs were removed, sliced and incuba 
for 2h in medium 199 containing 1.5 pCi of *H-choline (final specifi 


determined. 
— * P<0,01; t P<0.005. 


-. rence of these s 
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aminotransferase (7.58 + 2.41 versus 6.56+ 2.25 nmol per min 
per mg protein). 

© We conclude that the present observations strongly endorse 
the view that glucocorticoid-stimulated lung maturation is medi- 
ated by mesenchymal-epithelial interactions, in the form of 
_fibroblast-pneumonocyte factor. Furthermore, they demon- 
strate that, in addition to the ability of exogenous FPF to 
accelerate lung maturation’, this factor is involved in the normal 
course of development of the lung. The organ specificity of this 
peptide*!? is supported by these observations. 

= We thank Dr A. Abbas for advice and assistance, Dr A. 
Schwartz for suggesting the immunization technique, Mr D. 
Righi for performing the tyrosine aminotransferase assays, and 
_ Dr H. Feldman for statistical advice. A. Boyer, A. Barsoumian 
and S. Smith provided technical assistance. This work was sup- 
ported by NIH grants HL27372, HL25907 and HD14534; and 
‘by the Carl W. Walter Fellowship Fund. 
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In Burkitt lymphoma cells reciprocal chromosomal transloca- 
tions are observed between the long arm of chromosome 8 
_. (8q24) and either the long arm of chromosome 14 (14q32), the 
. short arm of chromosome 2 (2p12) or the long arm of chromo- 
some 22 (22q11)'*. Gene mapping studies have shown that 
< c-myc the cellular homologue of the viral myc oncogene, is 
— localized at 8q24 (ref 3-5) and that the three immunoglobulin 
_ gene loci map at the breakpoints involved in the translocation: 
_ immunoglobulin heavy-chain genes are located at 14q32 (refs 
6, 7), x light chains at 2p12 (ref. 8) and A light chains at, or 
_ close to, 22q11 (refs 9, 10). This correlation suggests an associ- 
- ation of immunoglobulin gene rearrangements with the occur- 
-rence of these specific translocations. By using in situ hybridiz- 
ation we have examined the translocation point with respect to 
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` c-myc in two cell lines containing 2;8 translocation, and report 
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in several cases™! +74, Analysis of somatic cell hybrids formed 
from fusions of Burkitt lymphoma lines P3HR1 and Daudi with 
mouse cells showed that the c-myc gene was included in the 
piece of chromosome 8 translocated to chromosome 14 (14q") 
while Va genes (but neither C, nor C,) were reciprocally 
translocated from chromosome 14 to 8 (8q")’*. As no data exist 
regarding the fate of the c-myc gene in the variant Burkitt 
lymphoma lines carrying 2;8 translocations, we have done in 
situ hybridization studies on two cell lines, JI and LY91 (ref. 
2), which carry 2;8 translocations. The probe used for these 
experiments (M13JI7myc1.5) has been described previously’” 
and contains a 1.5-kilobase (kb) SacI fragment encompassing 
exon 2 from a genomic human c-myc gene. Chromosome pre- 
parations made from Burkitt lymphoma lines JI and LY91 (2:8) 
were prebanded with Lipsol and photographed. After denatur- 
ation the chromosomes were hybridized with the nick-translated 
c-myc probe. After autoradiography, the same cells were located 
and photographed’*; this allowed all chromosomes to be iden- 
tified and removed any possible bias in the selection of cells. 
Other chromosome abnormalities apart from the 2; 8 transloca- 
tion were seen in many of the cells examined: In JI the most 
common variants were a marker chromosome 6 and trisomy 11. 

Figure 1 shows histograms of grains counted over the relevant 
chromsomes after in situ hybridization to both 2; 8 translocation 
lines. The results show an accumulation of grains only over the 
distal portion of the long arm of both pairs of chromosomes 8, 
and an approximately equal number of grains on the normal 
and abnormal chromosomes (8q") 8 in both cell lines. The short 
arm of chromosome 2, the recipient of the material translocated 
from chromosome 8 in the reciprocal translocation (chromo- 
some 2p’), is not labelled. Only one grain on an abnormal 
chromosome 2, was found in all the karyotypes analysed. In the 
experiment using JI cells, 30% of all grains observed were found 
over 8q and in LY91 the fraction was 13%; 82% of all cells 
contained a labelled chromosome 8 in JI hybridizations and 
64% in the case of LY91. These results show conclusively that, 
in both cell lines studied, the breakpoint in chromosome 8 is 
distal to the c-myc gene, and that this gene is not translocated 
to chromosome 2. Figure 2 shows the results of a similar experi- 
ment using the same hybridization probe to detect c-myc genes 
in the Daudi cell line, which carries an 8;14 translocation. 
Although the normal chromosome 8 was labelled significantly, 
no grains were found on the abnormal chromosome 8 (8q°) 
and instead grains were found on the abnormal chromosome 
14 (14q*). This result confirms previous studies'* which showed 
that in cells having 8; 14 transolcations the c-myc gene is translo- 
cated to chromosome 14 in the reciprocal exchange. 

The results presented here demonstrate that the chromosomal 
breakpoint in Burkitt lymphoma marker chromosomes can 
occur on either side of the c-myc gene on chromosome 8. The 
general features of these rearrangements are i‘lustrated in Fig. 
3. As it has been demonstrated by somatic cell genetics’? and 
in situ hybridization (Fig. 2) that since the c-myc gene moves 
onto the abnormal chromosome 14q*, the new association of 
immunoglobulin and c-myc genes on 14q” in a head-to-head 
arrangement’ ™?}? establishes the transcription orientation of 
both c-myc and immunoglobulin Cy genes on their respective 
chromosomes—the Cy genes are oriented towards the telomere 
of chromosome 14 and the c-myc gene towards the centromere 
of chromosome 8 (Fig. 3b). The in situ hybridization experi- 
ments shown in Fig, 1 demonstrate that, at least in the two cell 
line having 2;8 translocations used here, the c-myc gene does 
not move from the 8q* abnormal chromosome. As the 3’ end 
of the c-myc gene faces the telomere of the normal chromosome 
8, the results show that the breakpoint in these cell lines is 
beyond the 3’ side of c-myc (see Fig. 3a). 

Clearly, there is extreme variability in the position of the 
chromosomal translocation point in Burkitt lymphoma cells as 
it appears to occur both upstream and downstream of the c-myc 
gene. The precise point of breakage is also very variable, with 
breakage within c-myc itself being rare. Further, the down- 
stream translocation points in JI and LY91 chromosomes do — 
































"grains were counted over each chromosome and the grain counts 
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4 Fig. 2 In situ. detection of c-myc genes in Daudi cells (t8; 14). 


The solid columns indicate grains counted over abnormal chromo- 
$ somes; see Fig. 1 legend. These are superimposed on the normal 
B w 16 1 722 x y chromosome grain count for clarity. No grains were observed on 


any of the abnormal chromosomes 8. Slides were exposed for 13 
16 | days. Eleven slides were analysed and, as in Fig. 1, the grain counts 
| were corrected for chromosome length. a 
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Fig. 3 Diagrammatic representation of translocation in cells . ac 


carrying t2;8 and t8;14. a, Chromosomes. 2 and 8, showing thé oe 
bok & Oo 4 BAAR y- positions of the c-myc gene. b; Chromosomes 8 and 14, showing. 


the positions and orientations of c-myc and immunoglobulin Cui 


a ; i enes. 
Fig. 1 In situ hybridization of c-myc genes in Burkitt lymphoma j 


cell lines carrying 2;8 translocations. Distribution of grains over | ; E 4g SUE e ee 
metaphase chromosomes from JI (a) or LY91 (b) cells. The data sequences of the translocation for the c-myc gene have been 
are shown as histograms in which the open boxes represent the proposed (reviewed in refs 18,19). ES 
grains over normal chromosomes; the solid boxes denote grains __ The intriguing situation in Burkitt’s lymphoma is the extre 
over the abnormal chromosomes and above these are represented variability of the chromosomal breakpoint. Although it has b: 
the grains over the normal allelic chromosome, superimposed on argued that translocations involving c-myc result in enha 
: the abnormal count. Eleven cells were analysed in each case; all - levels of transcription of this gene*”, we and others find no 
ee ee ee ie our count significant enhanced transcriptional activity of the translocate 
3 oe ae a Gk SHoee oe oi y oiae c-myc gene compared with lymphoblastoid cell lines”, nord 
1.310% pense? by -nick-trandiation. Chromosames, wele an. immunoglobulin transcriptional enhancer seem to be ger 
denatured in 60% formamide, 0.1 mM EDTA, 5 mM HEPES pH erally involved in c-myc gene transcription”. Furthermore a 
7.0 at 55°C for 7 min, then 20ng of boiled probe in 20 pl of view of the finding that the translocation point in Burkitt 
hybridization buffer (50% formamide, 0.6 M NaCl, 5 mM HEPES, lymphoma can occur upstream or downstream of the c-my 
1 mM EDTA, 10% dextran sulphate pH 7.6) were applied to each gene, a common mechanism of oncogenesis involving only ele 
slide and hybridized at 43°C for 16h. Slides were washed in vated levels of c-myc MRNA seems unlikely. It has been repor 
2x SSC at room temperature overnight, then autoradiographed ted, however, that the translocated c-myc allele is preferential! 
using Ilford K2 nuclear emulsion. Exposure time, 17 days. transcribed”? so that th e oncogenic activation of the c-my c gen 
| may be the maintenance, rather than elevation, of transcript 
-hot affect restriction fragments observed with c-myc probes. in ofthis gene. We have recently found that the untranslated ex 
_ filter hybridizations (T.H.R., unpublished), thus the breaks mi ist’ 1 of the translocated c-myc gene in Burkitt’s lymphoma of 
occur at least 6kb downstream of c-myc. It has been shown. undergoes nucleotide changes, which may explain the lo 
_. recently that the c-myc gene similarly remains on chromosome scriptional control resulting from translocation’ pos 
Bin 8. urkitt’s lymphoma'’, so both types of variant Burkitt by prevention of repressor protein binding to exon 
lymphoma exhibit this phenomenon: Several possible con- P. H. Hamlyn and R. Baer, in preparation). Finally 




































































shown recently that somatic mutation can affect the c-myc gene 
in chickens after avian leukaemia virus insertion’** and in man 
after translocation”. This mutation may serve to amplify the 
oncogenic effect of c-myc gene translocation by altering the 
activity of the protein product of this gene. 
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Cellular oncogenes comprise a class of genes whose aberrant 
pression or function may be involved in the development of 
umours’. Indeed, several naturally occurring animal and human 
‘tumours are associated with consistent alterations in the struc- 
< ture or genomic position of particular cellular oncogenes” ^. 
` Recently, we isolated a DNA segment having limited similarity 
- to c-myc (termed N-myc) from a human neuroblastoma cell 
_ line’. Although N-myc was present as a single copy in normal 
cells, it was selectively amplified up to 140-fold in tumour cells 
-from human neuroblastomas’. Now, we have used somatic cell 
-hybrids to show that N-myc is normally localized on the distal 
- short arm of chromosome 2, and in situ hybridization to localize 
_.N«mye to chromosome 2p23-24. Further, in situ hybridization 
lizes amplified N-myc in neuroblastoma cells to homo- 



























cation is quite variable and bears no apparent relationship to 
either the normal single-copy locus or recognized sites of non- 
random chromosome alteration in human neuroblastoma. 

For chromosomal assignment of N-myc we used mouse X 
human somatic cell hybrids differing with respect to their human 
chromosome content. The DNA of the hybrid cells was cut with 
the restriction endonuclease EcoRI and analysed by Southern 
blotting procedures®. For detection of N-myc we used a 3p. 
labelled EcoRI/ BamHI insert of clone pNb-1 previously iso- 
lated from neuroblastoma line Kelly”. As reported previously, 
the Nb-1 probe detects a 2.0-kilobase pair (kbp) fragment in 
human DNA digested with restriction endonuclease EcoRI’. 
(Fig. 1a). In mouse DNA digested with EcoRI the probe detects 
a major 16-kbp and a minor 15-kbp fragment (Fig. 1b), reflect- 
ing the evolutionary conservation of N-myc. 

We have surveyed the DNA of a panel of mouse X human 
somatic cell hybrids for chromosomal assignment of human 
N-myc. Human N-myc is coordinately present only in hybrids 
carrying a karyotypically normal chromosome 2 and chromo- 
some 2 markers: isozyme markers isocitrate dehydrogenase 1 
(IDH1; q32 > qter), malate dehydrogenase 1 (MDH1; p23) and 
acid phosphatase 1 (ACPI; p25) (data not shown). Thus N-myc 
appears to be asyntenic with at least 16 oncogenes previously 
mapped to other human chromosomes. The sole exception at 
the moment is c-fos, which is localized on chromosome 2q (I. 
Verma, personal communication). 

For a more defined localization of N-myc on chromosome 2, 
we used three additional hybrid lines which contain only parts 
of chromosome 2. The two hybrids A9 Call 1-9-3 and A9 Call 
1-13 were constructed by fusing human Call cells [46 X, Y, 
t(2; 6) (p23; p23)] with mouse A9 fibroblasts’. Hybrid A9 Call 
1-9-3 contains the translocation (2; 6) and has retained from 
chromosome 2 the major region gqter>p23 (2qter> 


: Human 
Mouse 
| 2:6 
2 





Fig. 1 Identifying N-myc in the DNA of mouse x human somatic 
cell hybrids. a, Human skin fibroblasts containing normal chromo- 
some set; b, mouse control; c, hybrid line (A9 Call 1-9-3) containing 
a 2:6 translocation (2qter> p23::6p23~ pter; compare with Fig. 
2); d, hybrid line (A9 Call 1-13) containing a 6:2 translocation. 
DNA was isolated according to standard procedures”, cut with 
restriction endonuclease EcoRI and analysed by Southern blotting. 
As a probe we used the EcoRI/ BamHI insert of clone pNb-1 
previously isolated from neuroblastoma line Kelly*. Conditions of 
hybridization were as described previously’; the formamide con- 
centration in the hybridization mixture was 50%. The relatively 
faint signal obtained in lane d for the 2.0-kbp signature fragment 
is due to the fact that the human 6;2 chromosome is present at a 
sub-diploid level in the hybrid cells. Lane c, the 2.0-kbp fragment 
was not detectable even in highly overexposed autoradiographs, —— 






































a showing the translo- 
ving chromosomes 2 and 
6in Call AS hybrids that were used 
‘to further localize N-myc on 
`- chromosome 2. The 2;6 transloca- 
tion (2qter> p23::6p23~ pter) is 
present in A9 Cali 1-9-3. The 
reciprocal 6;2 translocation (6qter > 
p23::2p23- pter) is present in A9 
Call 1-13. Arrowheads indicate the 
chromosome breakpoints (p23) on 
chromosomes 2 and 6. Normal 
chromosomes 2 and 6 are shown for 
comparison. The location of known 
chromosome 2 short and long arm 
markers and of N-myc are indicated 
by brackets: a, acid phosphatase 
(ACPI; p25); b, malate dehy- 
drogenase (MDH1;p23); c, isoci- 
trate dehydrogenase 1 (IDH1; q32> 
qter). Gene symbols and regional 
assignments of markers are from ref. 
26. +/— represent the presence or 
absence of N-myc in the hybrid cell 
line carrying the particular chromo- 
some, as determined with the Nb-1 
probe by Southern blotting of 
genomic DNA digested with restric- 
tion endonuclease EcoRI. 


p23 :: 6p23 > pter; Fig. 2). Hybrid A9 Call 1-13 contains the 
reciprocal translocation (6; 2) and has retained from chromo- 
some 2 only a small fragment p23 > pter (6qter > p23 ::2p23 > 
pter). Neither of the two hybrid lines contains an additional 
normal chromosome 2. DNA from A9 Call 1-9-3, in which all 
but the distal short arm of chromosome 2 is present, does not 
show the 2.0-kbp signature fragment (Fig. 1c). However, DNA 
from A9 Call 1-13 [t(6:2)], which has the small fragment p23 > 
pter of chromosome 2, does show the 2.0-kbp fragment 
(Fig. 1d). Thus N-myc is localized to the distal short arm of 
chromosome 2 (2p23 > pter). An additional hybrid line that we 
used, WIL8X, contains the chromosome 2 marker ACP1 but 
lacks the markers MDH1 and IDH1; this is the result of a 
breakage of chromosome 2 with retention in the hybrid of the 
segment encoding ACPI (ref.8). Hybrid WILS8X contains 
human N- myc (data not shown). This result confirms that N- myc 
is normally localized on the short arm of chromosome 2 in the 
p23 pter region. 

For independent confirmation and more detailed localization 
of N-myc within the distal short arm of chromosome 2, we used 
in situ hybridization. We examined the autoradiographic images 
of 100 mitotic cells following in situ hybridization with °H- 
labelled N-myc probe by methods described previously’. Sig- 
nificant label was observed on the near-distal short arm of 
chromosome 2. Of 57 total chromosomal grains localized to 
chromosome 2, 49.1% were observed on 2p, with 35% (20/57) 
specifically localized to band p23 or p24. Figure 3a gives an 
example of grain localization to 2p from two different cells. 
Examination of grain distribution on chromosome 2 from 
100 cells analysed indicated significant clustering of grains to 
chromsome 2p23 or 24 (35%) (Fig. 3b). This finding is con- 





Table 1 Relationship between N-myc DNA detectable by Southern blotting and 
by in situ hybridization 


HSR- Percentage 
Cell Tumour Fold bearing grain 
line type Ref. amplification* chromosome localization 
NMB NB 7 100-120 13pli 68.6 
NGP NB 7 120-140 4pi6 57.6 
12q13 4.7 
NLF NB t 20-25 9qi3 222 
 NCI-417 SCLC 26 O+ 1qg42 3.0 . 





o NB, neuroblastoma; SCLC, small cell lung cancer. * From ref. S, f G: B., 
unpublished data; ¢ J.T., unpublished data. 


- derived cell lines’? 
have been observed in only 4 
series. 





sistent with our results for mouse x human somatic cell hybrids. — 
It is of interest that an independently derived, as yet uncharacter- 
ized, sequence which was shown to be amplified in the neuroblas- 
toma cell line IMR-32, has also recently been demonstrated to: 
localize to the short arm of chromosome 2 (ref. 10). Ae 
Three HSR-bearing human neuroblastoma tumour cell lines 
NMB, NGP”? and NLF (G.B., unpublished data) were also 
analysed following in situ hybridization with *H-labelled N-myc 
probe. Previous cytogenetic analysis had demonstrated HSRs 
in these lines on four different chromosomes: NMB, 13p11;. 
NGP, 4p16, and 12q13; NLF, 9q13 (Fig. 3c). All the lines carry 
amplified N-myc”. Autoradiographic images of 300 metaphases 
were examined from these lines. Figure 3c presents the results _ 
from a representative experiment illustrating schematically the | 
grain distribution to HSRs from a total of 62 cells. We found 
significant hybridization to three of the four HSR regions: NMB, 
13p11 (68.6%); NGP, 4p16 (57.6%); and NLF, 9q134— 
(22.2%). The absolute number of autoradiographic grains over 
the HSRs was rougly proportional to the level of N- myc amplifi- 
cation determined previously by agarose gel electrophoresis and: 
Southern blotting (Table 1). In the neuroblastoma cell line NGP, 
which contains two HSRs, only the HSR on 4p16 demonstrated 
significant localization of autoradiographic grains (Fig. 3c). The 
second HSR present on chromsopme 12q13 failed to yield grain 
counts above Minty: beet (4.7%). Asa control for the specificity 
of hybridization, “H-labelled N-myc was hybridized in situ to. 
the human HSR-bearing small cell carcinoma cell line, NCI-417, 
which contains amplified copies of the cellular oncogene, c- 
myc'*. As expected by the relative lack of similarity between - 
c-myc and N-myc observed by Southern blotting’, no bindin, : 
of the *-labelled N-myc probe above background was obser M 
(Table 1). 
In this study, we have regionally mapped Kne withi j 
normal karyotype to 2p23 or 24. In contrast to cellu 
oncogenes specifically related to chromosomal breakpoints i no 
certain cancers? 4, in human neuroblastomas 2p23 or 24 is rarely 
involved in either numeric or structural chromosome alter- 
ations'*'*, Deletions or rearrangements involving 1p32 > pter 
have been detected i in ~ 70% of 23 neuroblastomas and tumour- 
, whereas structural rearrangements of 2p 
4% of cases from the same 


Our results show that HSRs in cells of human neuroblasieigiai’ 


contain amplified copies of N- myc. Of the three neuroblas stoma 
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3 ` lings: examined, we found N-m ye E E in HSRs on three 
L different chromosomes (4, 9 and. 13, Table D. The failure. of 


























mye on no mal cells { 2p23 or 6 24) is not surprising based on 
idies of othe b amplified: domains. In methotrexate-resistant 
an and murine cell lines carrying amplified gene copies for 
lihydrofolate. reductase, the chromosomal site of amplification 
s highly variable and often seems to ‘evolve’ into multiple HSR 
ites following increasing time/drug exposure’®!7, A similar 
mechanism may operate in human neuroblastomas where HSRs 
ave been observed on 18 of the 24 different human chromo- 
somes'*. To date, only one cell line (LA-N-1)'* analysed con- 
ns an HSR on chromosome 2p23. Unexpectedly, the NGP 
line has an additional HSR (at 12p1 3) which does not appear 
i pepe with the Velie mi in situ E It 





Fig. 3 Cytological evidence for 
localization of | N-myc to. human 
chromosome 2p23 or 24 in normal 
cells, and to three HSR-bearing 
marker chromosomes in neuroblas- 
toma cell lines. a, Representative 
label (arrows) on the near-distal 
short arm of chromosome 2 (band 23 
or 24) from two different cells 
hybridized in siu with the *H- 
labelled. N-myc probe. Cells were 
hybridized for 16h at a DNA con- 
centration of 0.755 meg mi7', fol- 
lowed by exposure for 28 days and 
autoradiographic development’. b, 
Schematic representation of G- 
banded mid-metaphase chromo- 
some 2 depicting all grains observed 
from 100 cells analysed in situ with 
3H-labelled N-myc DNA. Of the 
grains detected on chromosome 2, 
35% were localized to p23 or 24. c, 
Schematic representation of G- 
banded mid-metaphase chromo- 
somes from three neuroblastoma cell 
lines depicting all chromosomal 
grains observed from 62 cells hybrid- 
ized in situ with “H-labelled N-miyc 
DNA. Stippled regions represent the 
relative. size and location of HSRs 
from the NMB, NGP and NLF cell 
lines (see Table 1). Total chromo- 
somal grains localized to HSRs were: 
NMB, 13pl1 (68.6%); NGP, 4p16 
(57.6%) and 12q13 (4.7%); NLF, 
9q13 (22.2%). 


DMs and these extrachromosomal elements have also been 
found in primary neuroblastoma'”~”’. Studies by others on 
amplification of drug. resistance e genes” ? and by us on amplifica- 
tion of cellular oncogenes'*?*** have shown that both HSRs 
and DMs are the cytological ae h of amplified DNA. 
It seems likely, therefore, that DMs in neuroblastoma cells also 
contain amplified N-myc’*, and it is possible that the transloca- 
tion of N-myc in neuroblastoma cells is mediated by reintegra- 
tion of DMs at various positions in the cellular genome. 


At least three genetic alterations are associated at high con- 


sistency with human neuroblastoma: translocation of N-myc, 
amplification of N-myc, and previously reported but as yet 
uncharacterized deletions within the short arm of chromosome! 
(ref. 13). In addition, a mutant version of a cellular ras. gene 
has been identified in at least one case”? . Tumorigenesis is 
generally regarded as a multi p process. 1 "he data now avail- 
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able suggest that this is true for human neuroblastoma, and that ee 


cellulase did casa 





several of the steps involved are e genetic abnormalities affecting | 
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Note adde oof: Since this manuscript was submitted, 
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al. ed amplification of N-myc in neuroblas- 
toma cell} with our previously presented results*, 
this brings th of neuroblastoma cell lines reported 
positive fo 
addition t 
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Specific DNA sequences from human papillomavirus have 
recently been detected in carcinomas from epidermodysplasia 
~ Verruciformis patients’?, and in vulvar’ and cervical®® carci- 
nomas but the role of papilloma viruses in the aetiology of these 


"tumours is unclear. Indeed, little is known about the mechani 


that convert benign papillomas into malignant tumours and it 
is not even possible to distinguish between inactive passengers 
and viruses involved in tumour induction. Here, we describe 
an animal system that permits an analysis of the interaction of 
papilloma virus genomes with carcinogenic agents at the 
molecular level. In our colony of Mastom ys natalensis (a close 
relative of the rat family), we have found extrachromosomal 
papilloma virus genomes persisting in a variety of tissues such 
as skin, muscle, liver and colon. With the ageing of the animals, 
the average copy number of viral DNA in skin cells increases 
and virus-producing tumours begin to appear in Mastomys at 


about 1 year old. This process is drastically enhanced by chronic 


treatment with a tumour promoter and transcription of the viral 






genomes has been found to be correlated with tumour for- | 


mation. 
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_. The number of viral genomes per skin cell was determined for 
veach animal by densitometer scanning of the autoradiographs 
of Southern blots. In young animals (16 weeks old) and ir 
embryos we found 0.1-10 genome equivalents. Only 9 
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Fig. 1 Detection of MnPV-specific DNA sequences in normal 

tissues of Mastomys natalensis. The DNA preparations in lanes. 

1-5 were uncleaved; those in lanes 6, 8 and 10 were cleaved with ee 

Hpall, and those in lanes 7, 9 and 11 were cleaved with Hhal o 

The DNA samples were isolated from: lane 1, skin; lane 2, muscle; 

lane 3, liver; lane 4, colon; lane 5, embryo; lanes 6 and 7, mouse oe 

3T3 cells mixed with 200 pg MnPV virion DNA; lanes 8 and 9; 

skin; lanes 10 and 11, total embryo. 

Methods: A 6-month-old anima! was killed a few days before the 

end of the gestation period and samples (0.5 g) of different tissues 

were frozen in liquid nitrogen. After disruption of the tissue, DNA 

was purified by phenol and chloroform extractions as described!” 

From each DNA preparation 20 ug were electrophoresed on 1% 

agarose gels for 16h at 3 Vcm™? and transferred to nitrocellulose 

filters. MnPV-specific DNA sequences were revealed on X-ray 

films after hybridization to **P-labelled MnPV DNA which was 

cloned in pBR322 at its single HindIII site, Filters were exposed 

for 10 days. The details of the procedure were described else- 
where’?. 


In a previous report, spontaneously arising skin tumours were = 
described in 3% of the animals of a M. natalensis colony‘, 
M. natalensis papillomavirus (MnPV) was identified as the 
aetiological agent of these tumours™®. As in our colony of 
Mastomys, animals developed tumours independently fromcon- < 
tacts with tumour-bearing animals, we used the Southern blot 
hybridization procedure to search for latent MnPV genomes. 
In all DNA preparations from the skin of 5 females and 5 males, 
we detected extrachromosomal papillomavirus genomes. In four. ce 
cases, non-skin tissues also contained viral genomes. Figure o 
shows the results obtained from a pregnant animal. In the DNA oe 
samples isolated from skin (lane 1), muscle (lane 2), liver (lane 
3) and colon (lane 4), superhelical, relaxed circular and some 
linear MnPV DNA can be seen. Interestingly, embryos that 
were surgically removed from the uteri of pregnant animals also 
contained extrachromosomal MnPV genomes (Fig. 1, lane 5), 
The authenticity of the signals is shown after cleavage with the 
multi-cut restriction endonucleases Hpall and Hhal (Fig. 1, 
lanes 6-11). Similar results were obtained in several other a 
animals tested. Oesophagus, larynx and bronchial tissues were o> 
also frequently found to contain MnPV genomes, while lym- 
phocytes were in no case positive. aoa oh 

The age of the animals was found to be an important facto 
in tumour formation. Tumours were never observed inanim: 
that were younger than 50 weeks old. In contrast, among 1€ 
animals aged 16 months, 8 were bearing tumours. To follow’ 
the kinetics of a putative accumulation of viral DNA during: 
ageing, 50 animals from several litters were homogeneously 
mixed, and groups of 10 were killed at intervals of 16 weeks. © 
















Fig. 2 Detection of MnPV-specific RNA sequences in tumorous 
and acanthotic tissues. Lane 1, DNA, and lanes 4 and 7, RNA 
isolated from normal skin of a tumour-free animal; lane 2, DNA, 
and lanes 5 and 8, RNA isolated from skin of a tumour-free animal 
(by histological examination, multiple areas of acanthosis and 
hyperplasia were detected in an adjacent sample); lane 3, DNA, 
and lanes 6 and 9 RNA isolated from a keratoacanthoma. 

Methods: DNA and RNA was simultaneously prepared from skin 
or tumour samples of 64-week old animals as described else- 
where. MnPV-specific DNA sequences were revealed by 
Southern blot analysis as described in Fig. 1 legend. The X-ray 
film was exposed to the filter for 10 min (lanes 1~3). The RNA 
samples isolated from the same tissues were electrophoresed on a 
1.4% agarose gel supplemented with 15 mM methylmercuric 
hydroxide at 3 Vcm™ for 16h. After electrophoresis the RNA 
was stained with ethidium bromide and visualized under UV light 
(lanes 4-6). The RNA was transferred from the gel to a nitrocel- 
lulose filter and hybridized to **P-labelled MnPV DNA as 
described previously!”. The X-ray film was exposed for 12 days 
(lanes 4~6). The positions of the 28S and 18S ribosomal RNAs in 

the RNA gel are indicated, 
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Fig. 3 Tumour induction by tropical treatment with TPA. TPA 
_ (40 nmol) was administered to the dorsal skin of 6-week-old Mas- 
`= tomys twice weekly (29 animals). After 2 weeks, the dose was 
-reduced to 20 nmol per treatment because of toxic effects. A 
control group (28 animals). was treated with 0.2 ml acetone. The 
nimals were examined for tumours every week. All tumours 
arising were identified histologically as keratoacanthomas. 











It is important to note that in some cases several thousand copies 
of viral DNA were detected in skin tissue that was proven to 
be normal by histological examination. By Northern blot 
hybridizations, we detected viral transcripts in all of 10 tumours 
tested (Fig. 2, lane 6) and in preneoplastically altered skin 
(Fig. 2, lane 5) such as hyperplasia or acanthosis (two samples). 
MnPV-specific RNA sequences were detected in none of eight 
normal skin samples (Fig. 2, lane 4), although >1,000 viral 
genomes per cell were estimated to be present (Fig. 2, lane 1). 
The integrity of the RNA preparations was monitored by 
ethidium bromide staining of the gel (Fig. 2, lanes 7-9). 

The tumour promoter 12-O-tetradecanoylphorboi-13- 
acetate (TPA) was shown to interact with unexpressed papil- 
lomavirus genomes in vitro’. After 14 weeks of chronic treat- 
ment of young Mastomys with TPA, one animal developed a 
tumour at the site of TPA application. After 44 weeks, when 
the first tumour appeared in the control group, 19 (66%) of 
the treated animals were already bearing tumours (Fig. 3) that 
were histologically indistinguishable from spontaneous tumours. 
As in untreated animals, we detected viral transcripts exclusively 
in tumour tissue (data not shown). 

By Southern blot hybridization of skin DNA from animals 
that were treated for 8 weeks with TPA, we found a 100-fold 
stimulation of the viral DNA content in the skin cells. In six 
control animals (17 weeks old), ~0.2 MnPV genome was pres- 
ent per skin cell, while six TPA-treated animals contained, on 
average, 50 genomes. When treated and untreated skin portions 
from the same animal were compared, the viral DNA content 
was found to be stimulated by TPA by 30-250-fold. 

The data presented here show that MnPV-specific DNA 
sequences persist as plasmids in normal tissues of M. natalensis, 
and that the viral DNA content in skin cells is increased either 
by ageing or by chronic treatment with TPA. Furthermore, 
transcription of the MnPV genomes was consistently noted in 
conjunction with the development of tumours. 

By in situ hybridization with sections of normal skin from 
tumour-bearing and tumour-free animals, we could detect no 
cells containing remarkably high copy numbers of viral DNA, 
nor could we detect any cells that synthesized virions by indirect 
immunofluorescence with sera from tumour-bearing animals. 
The synthesis of virus was exclusively confined to the keratinized 
layers of tumours. 

Although we failed to detect viral transcripts in normal tissue 
despite the presence of viral DNA, a temporary or low-level 
expression of the papillomavirus DNA may have escaped detec- 
tion. In contrast, MnPV-specific RNA sequences were con- 
sistently found in hyperplasia, acanthosis and/or tumours. The 
mechanism responsible for the effects of TPA observed here in 
vive may be similar to that responsible for the temporary 
induction of papillomavirus gene expression reported to occur 
in tissue culture cells treated with TPA’. 

We thank W. Baader and J. Boldrin for technical assistance, 
H.-J. Hacker for thin sections and G. Sauer for helpful dis- 
cussions and critical reading of the manuscript. 
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The methylation of vertebrate DNA at the 5-position of 
~3-10% of its cytosine residues occurs in a sequence-specific 
and tissue-specific manner'* and has been implicated in the 
control of transcription’*-’. How these differences are estab- 
lished and how they mediate the initiation or maintenance of 
transcription are unknown. DNA methylation might also have 
other roles, such as modulating DNA replication, transposition, 
DNA repair or chromosome configuration’®°. These other 
roles suggested for DNA methylation would be consistent with 
the finding that tissue-specific differences in methylation of 
certain gene regions’, highly repeated satellite DNA sequen- 
ces*'° and whole genomes”” often do not correlate with tran- 
scriptional activity. For DNA methylation to modulate the 
expression, maintenance or duplication of chromosomes, there 
should be effector macromolecules, presumably proteins, which 
specifically recognize 5-methylcytosine (m°C) residues in DNA. 
We describe here the first identification of a mammalian protein 
that binds preferentially to m°C-rich DNA sequences. 





This DNA-binding protein, which we refer to as methylated — 


DNA-binding protein (MDBP), was isolated from nuclei of 
human placenta. It was detected in fractionated nuclear extracts 
assayed for their relative binding to human DNA experimentally 
enriched in m°C and to the analogous DNA of a naturally low 
m°C content’. These ligands were prepared by extensive nick- 
translation?’ of placental DNA with a radioactive mixture of 
the four standard deoxynucleoside triphosphates to give m°C- 
deficient (~ 0.5 mol% m°C) DNA, or with m®dCTP replacing 
dCTP to yield m°C-rich (9 mol% mC) DNA. Binding of pro- 
teins to “H-DNA or *2P-DNA was assessed by a nitrocellulose 
filter-binding assay’? (Table 1). | 
A preparation of nuclei from full-term placenta was extracted 
as described in Fig. 1 legend. Subsequent chromatography on 
phosphocellulose and then hydroxyapatite columns yielded a 
peak of DNA-binding activity having a marked preference for 
m°C-rich DNA (Fig. 1). The peak fractions were dialysed against 
25mM NaCl, 50mM Tris HC! pH 7.6, 0.1 mM Na EDTA, 
0.2 mM dithiothreitol, 10% glycerol and then chromatographed 
on a DEAE-cellulose column using a linear gradient of 0.025 M 
to 0.40 M NaC! in the same buffer. The MDBP activity eluted 
_ a8 a discrete peak from 0.05 to 0.08 M NaCl. The proteinase 
<| K-sensitive MDBP preparation from this peak was stored in 
50% glycerol and 200 pg ml” of acid-treated and neutralized?’ 
bovine serum albumin at ~ 20°C. In three placental isolations, 
MDBP activity eluted in the same fraction of the hydroxyapatite 
column and bound ~2-3 times more m°C-rich than m°C- 
_ deficient nick-translated human DNA. Under the same assay 
conditions, this ratio for the MDBP fraction from the DEAE- 
cellulose column was 3.5-4.5. 
The specificity of MDBP for m°C-rich DNA was confirmed 
, with several DNAs. The same preferential binding to methylated 
DNA was observed with nick-translated human DNA in double- 
label experiments using m°C-rich °H-DNA and m°C-deficient 
*“P-DNA as when the radiolabels on the DNAs were reversed 








(Table 1). All of these DNAs had been nick-translated until 

35-50% of their nucleotides were replaced and so contained — 
-regions methylated on only one strand (hemimethylated), on. 
_ both strands or on neither strand. To analyse the binding of- 
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_ with methylated C residues on both strands in competitive 
binding assays in which unlabelled XP12 or human DNAs 
_ competed against radiolabelled XP12 DNA or m5C- 
- human DNA. The unlabelled XP12 DNA. comps 















Fraction no. 


Fig. 1 Isolation of a human protein that binds preferentially to = 
methylated DNA by hydroxyapatite chromatography. The crude 2 
nuclear fraction was prepared by homogenizing 550 g of placenta a 
trophoblast in 50mM Tris-HCl pH 7.5, 1 mM MgCl, 0.25M 
sucrose, 0.1 mM. phenylmethylsulphony! fluoride (PMSF), and’ Sr 
1 pg mi~? of chymostatin, then centrifuging at 600 g for 10 min, 
and washing the pellet twice in 10 mM Tris-HCI pH 8.0, 0.3 mM 
MgCl,, 0.1 mM PMSF, 1 wg mi’ chymostatin. All steps in the 
purification were carried out at 0-5 °C. The pellet was extracted ae 
for 1h ina final volume of 180 ml with 0.3 M NaCl, 10 mM Tris- 
HCI pH 8.0, 1 mM Na, EDTA, 0.2 mM dithiothreitol, 10% gly- 
cerol, centrifuged at 30,000 g for 15 min, and the supernatant: = 
recentrifuged at 150,000 g for 3h. This supernatant was diluted. 
with 5 volumes of 25 mM potassium phosphate pH 7.4, 0.1 mM 
Na, EDTA, 0.2 mM dithiothreitol, 10% glycerol, and chromato. 
graphed on a phosphocellulose column (55cm) with a linear 
gradient of 50 mM-1.5 M KC! in the above buffer (600 mi total. 
volume). Slightly more binding to m5C-rich DNA than to mC- 
deficient DNA was seen in the 0.12-0.22 M KCI fractions which cee 
were pooled and dialysed against the equilibration buffer (Q20mM = 
potassium phosphate pH7.0, 0.1mM Na EDTA, 0:2mM 
dithiothreitol, 10% glycerol) for the subsequent hydroxyapatite 
column (2.5 4.5m). The sample was applied and eluted with a 

200 ml gradient of this buffer and the same buffer containing 0.8 M 
potassium phosphate; 4.3-ml fractions were collected. Aliquots of 
0.5-10 pl were incubated as described in Table 1 with a mixture 

of 10-20 ng of two nucleease S,-treated, nick-translated human 

DNA preparations, one of which was enriched in m°C (?P-DNA), 

the other having a low level of m°C @H-DNA). The relative 
amounts of **P- and °H-DNA retained after filtration through 
nitrocellulose filters was determined. The same single peak of 
MDBP activity was seen in analogous hydroxyapatite 
chromatograms after phosphocellulose chromatography of two 
other placental extracts. The MDBP activity used in the experi- 

ments of Tables 1 and 2 came from the DEAE-cellulose purifica- 

tion step (as described in the text) subsequent to hydroxyapatite 
chromatography. From the DEAE-cellulose column, 440 U of 
MDBP activity (1 U binds 10 ng of 7H-labelled XP12 DNA in the 
Presence of a 10-fold excess of unlabelled human DNA) and 

<200 ug of protein were obtained. 












MDBP to completely hemimethylated DNA, replicative form 
(RF) bacteriophage M13 DNA (M13mp7-8-globin recom- 
binant RFIV; refs 14-16) was prepared by extension of an 
oligonucleotide primer on a viral strand template in the presence 
of m°dCTP. The *H-labelled hemimethylated M13 RF bound 
to MDBP approximately three times better than >*P-labelled, 
nonmethylated M13 RF (Table 1). Even partially substituted, 
hemimethylated M13 RF which had only 9% of its cytosin 
residues methylated was bound better by MDBP than analogous 
nonmethylated DNA (Table 1). : Be 
The MDBP activity also showed a preference for a naturall 
m°C-rich DNA, bacteriophage XP12 DNA (34 mol% : 
<1 mol% C; refs 17 and 18), compared with m°C-deficien 


DNA. Bacteriophage XP12 DNA was used as.a source of DN/ 
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better than human DNA or phage N7 DNA (36 mol% C and 
<1mol% m°C) for binding to both radiolabelled m°C-rich 
DNAs (Fig. 2 and Table 2). This specificity for m°C-rich DNA 
was lost when the competing DNA was previously denatured 
or if the radiolabelled DNA in the assay was deficient in m°C 
(Table 2). The latter result suggests that the MDBP preparation 
was contaminated with nonspecific DNA-binding proteins, 
and so we may be underestimating the specificity of MDBP 
for methylated DNA. The variety of m°C-rich ligands 
that are bound preferentially by MDBP, and the absence of 
detectable Z-DNA structure’? in naturally m°C-rich XP12 
DNA suggests that MDBP is not recognizing Z-DNA 
structures even though cytosine methylation predisposes 
runs of C-G dinucleotide sequences to formation of such 
structures???) , 

It appears that MDBP is responding to methyl groups specifi- 
cally at the 5-position of cytosine residues, since DNAs having 
higher contents of thymine, which contains the same 5-methyl 
group as in m°C, were not bound preferentially by MDBP. 
These comparisons (data not shown) included bacteriophage A 
DNA (25mol% each T and C), bacteriophage N7 DNA 
(14 mol% T, 36mol%C) and bacteriophage PBS2 DNA 

= (36mol% U, 14mol% C). Nonglucosylased bacteriophage 
c T4 DNA, which has all of its cytosine residues replaced by 


Table 1 Binding of MDBP to methylated and unmethylated DNA 


% Of 7H-DNA 
retained/% of 


| 2p. DNA 

5H-DNA) m’C/[C+m"C] PP-DNA m°C/[C+m°C] retained 

Human 0.48 Human 0.02 3.6 
- Human 0.02 Human 0.35 0.35 

MI3.RF 0 M13 RF 0 1.0 
MI3RF 0.09 M13 RF 0 1.3 
+ MIS RF 0.25 M13 RF 0 2.0 
ce ; M13 aid K: 0. 50 M13 RF 0 3.3 








"Phe indicated combinations of 7H-DNA plus °*P-DNA were incubated in 0.1 ml 
ees Of 10 mM ‘sodium phosphate pH6.8, 3mMMgCl,, 0. 25 mM Na EDTA, 
oe) mM NaCl, and 20 pg ml l of acid-treated and neutralized’? bovine serum 

albumin (BSA at 25°C for 15 min with 0.1 U (for M13 RF) or 0.5 U (for the 
ee ) of MDBP from the DEAE-cellulose fraction. The mixtures were 
ae then diluted with 1 ml of the above butter without BSA, and immediately filtered 
through nitrocellulose membranes'*. The membrane filters were then washed 

three times with the dilution buffer. The human samples (20 ng J for each assay) 

were placental. DNA radiolabelled by nick translation with m°dCTP (to give 
-o m°C-rich DNA) or dCTP (for production of an m°C-poor control) in the triphos- 
oh phate mixture. To cleav sand remove any single-stranded regions, these 
ee DNAs were treated with 80. U of S; nuclease per pg of DNA for 30 min at 37 °C 

‘in standard c 7 and then purified by phenol and chloroform extractions 
jon to yield: DNA fragments of ~1.5-2.5 kilobase pairs 
sees í ng for each. raed were relaxed. Ero 15) closed 
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Fig. 2 Relative binding of the MDBP fraction to m°C-rich XP12 
DNA (a) and normal human DNA (b). MDBP from the DEAE- 
cellulose fraction was incubated with the indicated DNA samples. 
Protein binding to DNA was measured by quantitating the reten- 
tion of DNA on nitrocellulose membranes under standard assay 
conditions in competitive DNA-binding assays with lightly sheared 
(10-20 kb), unlabelled human placental DNA or unlabelled XP12 
DNA competing with 20 ng of *H-labelled, m°C-rich XP12 DNA 
(a), or 10 ng of nick-translated, 32p.tabelled sal ta human 
placental DNA (b). The ability of unlabelled XP12 DNA to 
compete with labelled XP12 DNA was shown in other experiments — 
to be unaffected by a decrease in length from 20 to 10 kb. The 
points shown are the average of duplicates with the ranges indi- 
cated. The percentages of cytosine residues methylated in these 
DNAs were as follows: XP12 DNA, > 97%; human placental 
DNA, 3.6%; m°C-enriched human placental DNA, 48%7172°8. 


5-hydroxymethylcytosine*”, competed no better against radio- 
labelled XP12 DNA than did human DNA for binding to MDBP 
(Table 2). 

A role for the methylated DNA binding activity of MDBP 
in vivo is suggested by the specificity of MDBP for cytosine- 
methylated double-stranded DNA, by the fact that MDBP 
constitutes only a small proportion of the total DNA-binding 
protein and by its occurrence in the non-histone fraction. of 
chromosomal proteins. Our final MDBP fraction had no DNA 
methyltransferase activity and had been weil separated by 
hydroxyapatite chromatography from the main peak of DNA 
methyltransferase (data not shown). It also contained no detect- 
able endonuclease or exonuclease activity. We suggest that 
MDBP binds to methylated DNA sequences in vive as a regula- 
tory protein that controls the template activity of DNA or as a 
structural protein that alters the local conformation of chromo- 
somes. Studies of the nature and distribution of this protein and 
its use as a tool for detecting or obtaining methylated DNA 
sequences should further our understanding of the importance 
of DNA methylation in vertebrate cells. 

We thank Dr Timothy Ley for the M13mp7-8- globin recom- 
binant and Dr Stanley Hattman for the nonglucosylated 
T4 DNA. This research was supported in part by USPHS grant 
CA-19942 and a grant from the Louisiana Board of Regents. 


Table 2 Competition of various DNAs for binding to MORE 





Unlabelled Radiolabelled DNA 
competing DNA* % Competition Ye Competition 
with *H-XP12 with m°C-poor, 
Type m’C/[C+m"C] DNAt - #H-human DNA 
XP1i2 > 0.97 77 30 
Human 0.03 25 29 
N7 <0.01 14 12 
T4 < 0.01 25 39 
Single-stranded 
XP12 > 0.97 19 mee 
Single-stranded 
human 0.03 19 aa 
Single-stranded 
N7 <0.01 18 — 


*In this experiment, 20 ng of radiolabelled DNA and 160ng of unlabelled 
DNA which had been sheared to a molecular length of ~ 10-20 kb, were assayed 
in duplicate for binding to 0.6 U of MDBP in standard conditions. Phage 
XP12 DNA, which is naturally rich in m°C in both strands, was labelled in vivo 
with [6- *Hyuracil™* and DNA from diploid human fibroblasts was labelled in cell 
culture with [°H-methyl]thymidine. Phage N7 DNA has a low A+T content like 
XP12 DNA but N7 DNA contains <1 mol% m°C. Single-stranded DNA was 
obtained by heat-denaturation and quick cooling of native DNA. Phage T4 DNA 
naturally contains glucosylated 5-hydroxymethylcytosine residues replacing all of 
the cytosine residues. The T4 DNA used in these assays was from a mutant which 


contains nonglucosylated 5-hydroxymethyicytosine residues instead of gluco- . 


sylated residues. The unlabelled human DNA was unsubstituted placental DNA, 
which has 0.76 mol% m°C°. 

t The per cent competition is defined as the per cent retention of the radio- 
labelled DNA in the absence of competitor (R,) minus the per cent retention in 
the presence of competitor (R,) times 100 and divided by R,: 100x (R ~R) Ro 








The averages from duplicate samples in the standard nitrocellulose filter-binding _ : ? 
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Fish antifreeze protein and the 
freezing and recrystallization of ice 


Charles A. Knight*, Arthur L. DeVriest 
& Larry D. Oolman* 


* National Center for Atmospheric Research, Boulder, 
_ Colorado 80307, USA 

+ Department of Physiology and Biophysics, University of Illinois, 
Urbana, [Hinois 61801, USA 


Antifreeze glycopeptides and peptides from the blood of polar 
fishes prevent the growth of ice crystals in water at temperatures 
down to ~1°C below freezing point, but do not appreciably 
influence the equilibrium freezing point’. This freezing point 
hysteresis must be a disequilibrium effect, or it would violate 
Gibbs’ phase rule, but the separate freezing and melting points 
are experimentally very definite: ice neither melts nor freezes 


days*’. We report here unusual crystal faces on ice crystals 
grown from solutions of very low concentrations of the anti- 
freeze glycopeptides and peptides. This is a clue to the mechan- 
ism of freezing inhibition, and it may be the basis of a simple, 
very sensitive test for antifreeze material. Very low concentra- 
tions of the antifreeze protein are also remarkably effective in 
preventing the recrystallization of ice. 

_ Estimates of the equilibrium freezing points of solutions of 
antifreeze proteins were obtained by measuring the vapour 
= pressure of solutions with a Wescor vapour pressure osmometer, 


which uses a small disk of filter paper soaked with a drop of 


solution. This showed that the equilibrium freezing points of 
the solutions are virtually equal to the measured melting points. 
We duplicated this fundamental result directly, by using a known 
amount of glycopeptide dispersed within a thin glass frit, then 
weighing the frit after it reached equilibrium with ice at a 
constant temperature in an atmosphere of pure water vapour. 
Thus, the freezing hysteresis represents the inhibition of freezing 
_ with little or no effect on melting, and the mechanism of this 
inhibition is the problem in which we are interested. 

Eight glycopeptides having this special antifreeze property 
(antifreeze glycoproteins, AFGPs) have been isolated from 
Antarctic fishes”. They range in molecular weight (MW) from 
2,600 to 33,700, and are polymers of a repeating sequence of 
Ala-Ala-Thr with the disaccharide galactose-N- acetylgalac- 
tosamine linked to each threonine’. Freezing point depressing 






Temperature ( C) 


Pae a e a oa 
Concentration (mg ml +} 


Fig. 1 Freezing points of aqueous solution of high molecular- 

weight glycopeptides 1-5 (W), and of low molecular weight gly- 

copeptides 7 (A) and 8 (12) as a function of concentration. The 
melting temperatures (O) are the same for all three solutions. 


activity depends on chain length, with the high molecular weight 
glycopeptides more effective in depressing the freezing point yr 
than those of low molecular weight; see Fig. 1. In our experi- _ 
ments we used a mixture of the five heaviest (1-5) glycopeptides _ 
because they are easiest to separate and contribute the most to 
the hysteresis, and pure 8, the lightest. Some temperate zone 
fish also produce antifreeze peptides in the winter®!°!*, and 
one of these was aiso tested. 

During freezing, AFGPs are incorporated into growing ice 
and not ploughed ahead of the advancing interface like normal 
solutes’. Ice growth in. concentrated solutions of antifreeze is 
in the form of. spicules, or fibres, parallel to the c-axis, the 
hexagonal symmetry axis, of the ice’. X-ray diffraction studies- 
of ice grown from such solutions: show only normal ice, thus 
there is no new phase involved’. 

A simple, temperature-gradient microscope stage was con- 
structed’* and the freezing of 300-um layers of AFGP solutions 
between. glass microscope slides was studied. The apparatus 
allows detailed observation of the freezing interface either from ` 
slightly supercooled solutions (one supercools the liquid ando 
then nucleates ice at one end) or by establishing a stationary - 
ice~solution interface using the temperature gradient, and then — 


-moving the slide s0 that the interface melts back or moves 
ee within the ‘hysteresis gap’, for periods of hours or. aS 


forward. a 
For the mixture o AFGPs 1-5, the hyateriis effect was 
confirmed with the new apparatus, and at concentrations of 1% 
(by weight) or more, where the hysteresis is large, the fibrous 
structure was evident (Fig. 2a). As ice growing from pure water 
at low velocities is not fibrous and grows slowest paraliel to the — 
c-axis (Fig. 26) it was of interest to observe the growth habit. 
transition as a function of the concentration of AFGP. Small 
concentrations, from ~107*gg™' down to ~107’ gg’, or 
~1077 to 107'°M, bring. about the expression of other faces. 
(Fig. 2c) which we call {101x}. Accurate angle measurements . 
have not been possible, but the faces are sometimes curved in | 
such a way that the last index is continuously variable. With 
increasing AFGP concentration, the new faces cease to be | 
evident: the fastest growth direction becomes parallel to the | 
c-axis, the growth units become smaller and smaller, and. event. s 
ually, at 0.5-1% (by weight), the growth becomes fibrous. = 
This is the only report of crystal faces other than {0001} on. 
ice growing from liquid water or solutions, except for one) 
occurrence in a water-filled crevasse within a temperate glacie Ry 
where organic impurities were a possible cause’*. The profound — 
influence of AFGP on growth habit of ice at very low AFGP — 
concentrations confirms the activity of the AFGP molecules at ~ 
the ice-water interface and their interference with the crystal _ 
growth mechanism, and suggests that they do act by inhibiting 
growth perpendicular to the c-axis. Several organic compou 
of comparable: or ener molecular weight that do note 1 
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Fig. 2 Effect of the glycopeptides on crystal growth habit. a, The 
freezing interface of a 1% (by weight) solution of glycopeptides 
1~5: water above, ice below. The fibres are parallel to the c-axis 
of the ice. b, Freezing of pure water at low supercooling. The 
¢-axis is perpendicular to the plane of the photograph, and all 
interfaces are rounded except the basal face. Growth is slowest 
parallel to the c-axis. c, On freezing of a 2.5 x 1077 g g™* solution 
© of glycopeptides 1-5 (~2 x 107" M) at low supercooling, {101x} 
faces develop. The c-axis, again, is perpendicular to the plane of 
the photograph. The scale in a applies to all photographs. 
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as noted above were found to have little effect on recrystalliz- 
ation. This strong effect of very small amounts of AFGPs on 
recrystallization might have application in the preservation of 
frozen foods or medical materials’. Although the importance 
of the recrystallization process per se has not been firmly estab- 
lished, it has been suggested as a possible role of the AFGPs in 
the survival of some freeze-tolerant insects (J. Duman, private 
communication). 

The mechanism by which the AFGP inhibits freezing is not 
understood. Certainly it bonds at the ice~water interface, and 
it has been suggested that it might inhibit the lateral growth of 
steps*°*. If this were the case, it is not clear why low concentra- 
tions stimulate the development of the crystal faces that are 
observed. Jackson'® calculated that the equilibrium structures 
of all surfaces of ice should be molecularly rough except the 
basal face, and this fits the observation that only basal faces 
appear in ice growth from pure water or, in fact, from any water 
solutions of which we are aware except those of the antifreeze 
proteins. An explanation of why the low amounts of AFGP 
produce the new crystal faces may be a key to understanding 
the freezing hysteresis itself. 

Strong effects of small amounts of impurities on the growth 
habit of crystals grown from solution or from vapour are com- 
mon, However, this is the only example of which we are aware, 
of such a striking impurity effect in crystal growth from the 
melt. It is also, as far as we know, the only example of freezing 
point hysteresis induced by a molecular solute. Some polymeric 
solutes that form gels are known to induce a similar freezing 
hysteresis’ ’. 

This work was supported in part by NSF grant DPP 81 -16917 
(to A.L.D.). The National Center for Atmospheric Research is 
sponsored by the NSF. 
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Nature in Tokyo 


Nature has opened an office in Tokyo. Dr Alun Anderson, for 
the past few years in charge of the News and Views section of 
Nature, will be in charge of the office for an initial period of one 
year. By this means, Nature hopes more efficiently to cover news 


of developments in Japan and also to provide tangible help to .__ 


Japanese scientists wishing to submit research papers or other 
communications to Nature. 

Dr Anderson’s address is Nature, Macmillan Shuppan KK, 
Eikow Building, 10-9, Hongo 1-chome, Bunkyo-ku, Tokyo 113 
(Telephone (03) 816 3756/7; Telex JATOKI32121 MSKK). 
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| New and Forthcoming 








-Antimalarial Drugs 


-Biological Background, Experimental Methods, 


ee : and Drug Resistance 


Editors: W. Peters, London, W.H.G. Richards, 


~ Berkhamsted, Great Britain 
~ 1984, 94 figures. XVIII, 484 pages. (Handbook of 
Experimental Pharmacology, Volume 68, Part 1) 


-> Cloth DM 370, approx. US $ 138.10 
_ ISBN 3-540-12616-3 


-This two-volume work presents a critical analysis 


of the extensive advances made in antimalarial 
chemotherapy since World War Il. Part I of this 


work isa basic, definitive text for the rational 


oo “design of antimalarial agents. It will be of parti- 
20>, gular use to the pharmacologists, biologists and 
-oce Diochemists who are concemed with these basic 
ooo aspects of antimalarials and with the establishment 
~ “Of new techniques for evaluating them. 


Biological Dosimetry 


‘Cytometric Approaches to Mammalian Systems 


Editors: W.G. Eisert, Hannover, Germany: 


MUL. Mendelsohn, Livermore, CA, USA 


1984: 146 figures. Approx. 380 pages 


‘DM 68,~; approx, US $ 25.40 


ISBN 3-540-12790-9 


Pes Among the various types of dosimetry, biological 


dosimetry relies on selective, quantitative biolo- 


gical responses to measure dose, The rapid devel- 


opment of quantitative cytometry in recent years 


has provided a new multidisciplinary, potentially 


powerful analytical tool for biological dosimetry. 
These cytometric techniques offer the promise of 
objective, precise, sensitive, cellular and subcel- 
lular classification coupled with highly rapid, stati- 
stically sound rates of analysis. They are ideally 
suited to the measurement of biological dosimetric 
responses in many mammalian systems. 


Clinical Interest of 
Steroid Hormone Receptors 


a | in B ast Cancer 


Editors: G. Leclercq, Brussels, Belgium; S.Toma, 
_ Genova, Italy; R. Paridaens, J.C.Heuson, Brussels, 


Belgium 

1984. 74 figures, 122 tables. 

Approx. 355 pages. (Recent Results in Cancer 
Résearch, Volume 91) 

Cloth DM 144,-; approx. US $ 53.80 

ISBN 3-540-13042-X 


The current state of European studies into the 
clinical relevance of hormone receptors in breast 
cancer is reviewed in this volume. Divided into six 
major headings, the contributions cover all aspects 
of the subject, from the technical problems 


involved to future research prospects. Also 


included is a register of European centers presently 
ee receio assays. 


Current Topics in Microbiology 


| and Immunology 


= Volume 107 
Retroviruses 2 
Editors: P.K. Vogt, Los Angeles, CA; 
H. Koprowski, Philadelphia, PA, USA 
1983. 26 figures. VIL, 180 pages. 
Cloth DM 96,~; approx. US $ 35.80 
ISBN 3-540-12384-9 


Critical reviews dealing with currently active 
areas in the field of retrovirology are 
presented in this single volume. 


Volume 108 
Methylation of DNA 


Editor: T.A.Traatner, Berlin, Germany 
1984, 22 figures. X, 176 pages 

Cloth DM’88,-; approx. US $ 32.90 
ISBN 3-540-12849-2 


The purpose of this book is to present not an 
encyclopedic review of the expanding field, 
but a collection of 11 topical articles covering 
DNA methylation in eukaryotic and pro- 
karyotic systems. H includes reports on the 
effect of DNA methylation on DNA modifi- 
caton, replication, and repair, and on gene 
expression. 


Volume 109 
The Molecular Biology 


of Adenoviruses 1 


30 Years of Adenovirus Research 
1953-1983 


Editor. W, Doerffler, University of Cologne, 
Germany 

1983. 69 figures. XI, 232 pages. 

Cloth DM 118,-; approx. US $ 44.10 

ISBN 3-540-13034-9 


This is the first of three volumes on the 
molecular biology of adenoviruses that will 
provide a comprehensive survey of current 
research in this fascinating and active field. 
The contributions are all written by authors 
directly involved in this research who review 
their work in the context of the entire 
specialty. 





HLEDA 
Leucocyte Typing 
Human Leucocyte Differentiation Antigens 


Detected by Monoclonal Antibedies 
Specification ~ Classification ~ Nomenclature 


Editors: A. Bernard, Villejuif; L. Boumsell, 

J. Dausset, Paris, France; C. Milstein, Cambridge, 
Great Britain; S.F.Schlossmann, Boston, MA, 
USA 

1984, 158 figures, 252 tables. XXIV, 814 pages. 
Cloth DM 124,-: approx. US $ 46.30 

ISBN 3-540-12056-4 


- Leucocyte Typing comprises the proceedings. of the 


first international collaborative effort to define 
human leucocyte antigens by monoclonal antibo- 
dies. Involving practically all research groups 
active in the field, this unusually large study was. 
sponsored by INSERM, WHO and IUIS, who will 
be basing their recommendations with regard to 
standardization and nomeñclature on the 
workshop results. 


large number of antileucocyte reagents that have 

been produced, discusses current problems, and 

draws conclusions concerning the future develop- 

ment of leucocyte typing; as such it is indis- 

pensable to the research immunologist. For the 

nonspecialist it is an up-to-date overview of this 
new field. 


Springer-Verlag 
- Berlin 
The book deals with techie! details, surveys the | E Ş Heidelben 8 


| Current Topics 
in Tumor Cell Physiology 
and Positron-Emission 


Tomography 


Editors: W. Knapp, Heidelberg: K. Vyska, Jülich, 
Germany 

1984. 40 figures, approx, 20 tables. 

Approx. 115 pages. 

DM 59,50; approx, US $ 22.20 

ISBN 3-540-13007-1] 


The in vivo application of positren emitters for the 
investigation of the cellular physiology of tumor 
growth is illustrated in this book by means of 
actual case studies conducted at leading research 
centers. Special attention is paid to the essential 
role of specifically altered substrates in the quanti- 
tation of particular processes such as membrane 
function. 





Mutations in Man 


Editor; G.Obe, Freie Universitit Berlin, Germany 
1984. 73 figures, 65 tables. Approx. 350 pages. 
Cloth DM 116,~; approx. US $ 43.30 

ISBN 3-540-13113-2 


There is considerable concern about the conse- 
quences of mutations induced in. man by environ 
mental chemicals and radiation. This book 
contains a unique collection of articles pertaining 
to such mutations written by experts in the field. 
The articles deal with genetic toxicology, bio- 
chemistry of DNA damage and repair, organiza- 
tion of the human genome, types of mutations and 
their frequencies, origin of chromosomal aberra- 
tions, somatic mutations and their induction by 
chemotherapeutic agents and life style factors, the 
effect of smoking on spermatozoa, and methods 
for estimating the genetic risk inyposed on humans 
by chemicals and radiation. 





Reviews of Physiology, 
Biochemistry 

and Pharmacology 
Volume 99 

1984. 36 figures. V, 227 pages 


Cloth DM 98,~: approx. US $ 36.40 
ISBN 3-540-17989-8 


Contents: J CG. Coleridge, H.M. Coleridge, San att 
Francisco, CA, USA: Afferent Vagal C-Fibre 

Innervation of the Lungs and Airways and lts 

Functional Significance 

H. Pfister, Erlangen, Germany: Biology and 

Biochemistry of PapHlomaviruses 

G.G. Pinter, Baltimore, MD, USA: K Gartner, 

Hannover, Germany: Peritubular Capillary, Inter- 

stitium, and Lymph of the Renal Cortex 
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Presenting Science to the Public. By Barbara Gastel. 
ISI Press, Philadelphia: 1983. Pp.146. Hbk $17.95 (North America}, 
$20.95 (elsewhere); pbk $11.95 (North America), $14.95 (elsewhere). 





JUST over 30 years ago Nature published a 
report of what is now recognized as one of 
the key discoveries of modern biology. Like 
most scientific papers it was written in a 
kind of code. Who outside the small group 
then interested in DNA could have recog- 
nized the significance of Watson and 
Crick’s structure from their letter alone? 
The only hint that it was anything out of the 
ordinary was the throwaway line ‘‘It has 
not escaped our notice that the specific 
pairing we have postulated immediately 
suggests a possible copying mechanism for 
the genetic material’’, and this was 
intended not to inform but to establish a 
claim. 

Yet the structure of DNA was clearly of 
immense general interest. It answered a 
fundamental question about life that 
occurs to anyone with a little intellectual 
curiosity, and, as we now know, it had far- 
reaching implications for medicine and 
technology. In 1953 they could not be fore- 
seen in detail, but genetic manipulation 
was Obviously among them. 

The formal methods of scientific com- 
munication are, in fact, of little use to 
people who want a broad view of what is 
going on in science: scientists interested in 
disciplines other than their own; politicians 
who vote funds for research; taxpayers 
who provide them. Science does need to be 
presented to the public. Barbara Gastel, 
who teaches science journalism at the 
Massachusetts Institute of Technology, 
takes most of this for granted. Her book is 
very much a practical manual, for the 
working scientist wishing to try his hand at 
a bit of popularization and for his 
colleague who willy-nilly becomes the 
object of media attention. Nearly half of it 
is concerned with presenting science 
through the mass media. 

The advice offered is well informed, 
sensible and concise, though the occasional 
passage such as ‘‘the main item that 
succeeds interaction with a journalist is 
likely to be a story” does seem to have 
diffused into the main text from some list 
of things writers should not do. However, 
as a participant in many such interactions I 
can vouch for her understanding of the 
problems. Any scientist unfamiliar with 
. the workings of the media will find the 

-book useful. 

It is said to be a good working rule that 
relations between journalists and polit- 
icians should be bad. I do not believe the 
same rule applies to journalists and scien- 
tists, but it must be admitted that relations 
are often strained. Why is there so much 
































friction? Leaving aside the occasions on 


which reporters simply get things wrong, it- 


does seem from where I stand, on the media 
side of the fence, that those on the other 
side must take some of the blame for a lot 
of unnecessary misunderstanding. Many 
scientists seem to regard a press report on 
their work as a kind of debased research 
paper. It is of course nothing of the kind. 
As the example of DNA shows, the 
scientific paper is a very formalized mode 
of communication; it makes no attempt to 
put the work described in any kind of broad 


CANCER 
JAB ON 
THE WAY 


A SUPERJAB that will cure certain 
types of cancer wil! be available in 
Britain within a year. 


The amazing breakthrough was revealed 
yesterday by pioneering British scientist Dr 
Mike Waterfield 


Journalism at its worst — but do scientists 
appreciate the demands of the media? 


perspective, and deliberately eschews 
extrapolation and speculation. Yet for the 
general public the first is essential, the 
second desirable and the third often useful. 
Governments fund research and taxpayers 
pay for it because they believe it will bring 
benefits. They are entitled to know both 
what is just around the corner and what is 
looming over the horizon. 

The simplification that accompanies 
popularization is another common source 
of friction. Although nearly all scientists 
concede that complex ideas need to be 
simplified for a general audience, they are 
often unhappy with the results. Many of 
the things they object to are the unavoid- 
able consequences of the simplification 
and compression essential in the popular- 
ization of science. 

As Gastel says, a good working rule is 
never to underestimate people’s intelli- 
gence and never to overestimate their 
knowledge. But consider the application of 
this rule to, say, a popular account of the 
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recent discovery of the W and Z particles at 


CERN. The line such an account should 
take is clear enough: the particles were 
predicted by a theory that unifies two of the 
four forces in nature; the discovery of the 


W and Z therefore shows t 

on the right lines. But. 

know there are four natural 

alone what they are. They are 

pretty hazy about fundamental particl 
atoms and nuclei. A newspaper or ° 
report cannot afford to have a didactic ai 
if it is to command any attention, and in 
any case there is not the space for lon; 
explanations. So reporters are forced to 


resort to fudges, short cuts and minor inac- 
curacies; calling particle accelerators atom __ 
smashers, for example, because they think ae 
their readers probably have not heard of __ 
particle accelerators but that they might 


have heard of atom smashers. ane 
Gastel’s description of these and other 


problems should help to provide the under- 
Standing that leads to tolerance. It is unfor- — 
tunate though that she has virtually 
nothing to say about the most important 
aspect of the presentation of science to the 


public today: the way the media handle 
issues such as nuclear energy and genetic 
engineering that are at once technically 


complex and politically or ethically 
sensitive. In the long run an inaccurate ee 
newspaper report about fundamental _ 
particles does not matter. What 
newspapers and television have to say 
about controversial issues does. For better a 
or worse the media have played a major 
part in promoting the anti-nuclear __ 
movement, anda few years agoan alarmist 
British television programme aboutcriteria. 
for brain death led to a sharp fallin the 
supply of kidneys for transplant 


operations. z 


Media coverage of such issues is often 
appallingly bad. Perhaps this is partly 
because journalists like above all to see ae 
themselves as exposers of wrongs, and as. 


the champions of lonely crusaders against 
the system. Such attitudes help to preserve 


democratic freedoms, but they are not. 


conducive to the sober analysis of complex 
technical issues and statistical arguments. $ 
The facts can begin to seem part of the 
system. In defence, I can only point out 
that the balls so enthusiastically kept in 
play are nearly always first thrown onto the 
field by a member of the scientific 
community. This is true of even the daftest 
ideas. The warning that evil governments 


might perpetuate themselves by cloning = 
millions of compliant citizens was, if oo 
remember rightly, first issued by a very ~ pote 


eminent biologist. 


So what should a scientist do when he is F 


dragged into a media debate over whose- 
form and content he has no control? Gastel " 
points out in another context the 
importance of being patient and of not 
being patronizing — she might also have 
mentioned that there is nothing that so` 
arouses the suspicions of a journalist asthe- 
feeling that information is being with- — 
held. ae 


Bryan Silcock is science correspondent of the : 
Sunday Times. ee ees 






























Putting it all together 

again 

R.H. Pritchard 

| Growth of the Bacterial Cell. 

By J.L. Ingraham, O. Maaloe and F.C. 
Neidhardt. 


` Sinauer/Blackwell Scientific: 1983. 
© Pp.435, $25, £19.75. 











THe end-point of cell biology is a 
~ description of living cells as a unity. But the 
o use of mutants to identify and analyse the 
bits from which cells are constructed has 
been so rewarding that efforts to under- 
stand how they work in concert have taken 
second place. This book thus joins a select 
- company of texts on bacterial physiology; 
jt attempts to describe the structure and 


function of bacterial cells in the context of 


their growth and division. 

The approach chosen is first to examine 
the structure and composition of a typical 
bacterial cell using Æ. coli as a model. In 
fact, the book could just as well have been 
given the title “Growth of E. col’. Later 
sections look at the assembly of major cell 
components (such as the envelope and 
ribosomes); the polymerization of key 
macromolecules (DNA, RNA, protein, 
< peptidoglycan, phospholipid, poly- 
saccharides); fuelling reactions; and 
transport. There is a long section devoted 
to growth of individual cells and of 
cultures, dealing with concepts such as 
balanced growth, with the theory of 
continuous culture, and with cell compo- 
sition and growth yield under different 
cultural conditions. Control of gene 
activity is also covered in detail. 

The book ends with an attempt to 
provide an analysis of the variation of cell 
composition with growth rate, couched in 
terms of models which assume that compo- 
sition is optimized to achieve maximum 
rate and efficiency. 

Within the boundaries set for them- 
selves, the authors’ style is refreshingly 
-clear and their treatment thorough. Even 

` -well-worn topics such as the operon model 
‘of control are made interesting. Specu- 





dation about the adaptive significance of 
- the phenomena described provokes the 
< > reader's attention and only occasionally 


-gets out of hand (“H is the inclusion of the 
entire genome in a single molecule that 
makes the prokaryotic mode of DNA repli- 
-cation and cell division workable’). 


O Nevertheless, the coverage of some 
topics is disappointingly slight or even 
absent. One example is the treatment of the 
interrelated subjects of growth of the 
envelope, cell shape and septation. 
Another is initiation of DNA synthesis and 





BOOK REVIEWS | 


more serious treatment. The cursory 
coverage of this topic perpetuates such 


misconceptions as the belief that there — 


must be proteins involved in initiation that 
are consumed in the process. 

Are not osmoregulation and control of 
pH also central topics for a book on growth 
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the synthesis of the protein synthesizing 
system itself — is discussed at length 
although it remains largely speculative and 
does not seem easy to reconcile with the 


| observation that the rate of protein syn- 


physiology? They are not mentioned. On | 


the other hand, the extensive treatment of 
bacterial genetics seems out of place, as do 
a number of the appendices (‘‘Genetic 
Mapping” and “A Genetic Approach to 
Characterising Complex Promotors”, for 
example). 

Readers familiar with the excellent book 
Control of Macromolecular Synthesis by 
O. Maaloe and N.O. Kjelgaard (W.A. 
Benjamin, 1966), may be disappointed that 
this new one does not take the analysis of 
cell growth much further forward. It is 
essentially a restatement of the old ideas. 
Maaloe’s hypothesis of passive regulation 
— suggested as the mechanism which 
optimizes the proportion of protein 


synthesizing capacity which is devoted to | 
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Grains of evidence 

Peter D. Moore 

An Atlas of Past and Preseni Pollen 
Maps of Europe 0-13000 Years Ago. 

By B. Huntley and H.J.B. Birks. 

Cambridge University Press: 1983. 
Pp.667. £85, $174. 
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QUATERNARY palynologists are, by nature, 
patient people; a thousand years in their 
sight is but a few centimetres of sediment. 
But the publication of the Huntley and 
Birks pollen maps has, nevertheless, been 
awaited with eager, sometimes almost 
frenzied expectation. The reason for this 
lies in the fact that these maps represent the 
digestion and collation of a vast bank of 
data abstracted from published infor- 
mation, usually pollen diagrams, from a 
total of 843 geographical locations 
scattered over Europe. All European 
palaeopalynologists and many from other 
parts of the world must have spent a large 
portion of their working lives poring over a 
mere fraction of these European diagrams 
and 1 am confident that no one has 
previously drawn information system- 
atically from them all. The maps, 
therefore, offer us speedy and comfortable 
access to an abundance of data — hence the 
anticipation. 

The main aim of the Atas is to provide a 
graphic representation of changing vege- 
tation on a continental scale over the past 
13,000 years, that is from the latter part of 
the last glaciation. In the main, this is 
achieved by plotting pollen contours for 
each of the major pollen taxa at time 
intervals varying from 500 to 2,500 years, 


depending upon rates of change. For trees — 


and shrubs the values plotted are expressed 
as a percentage of trees plus shrubs, and for 





thesis is not affected by a reduction in DNA™ 
concentration. | 

Despite these shortcomings, the book 
does contain much good quantitative 
information about E.coli that is not readily 
found elsewhere. There are also helpful 
quantitative problems at the end of each 
chapter. The book assumes a knowledge of 
general biochemistry and metabolic 
pathways, and this allows the authors to 
offer a sophisticated text that biochemistry 
students can use to take their understand- 
ing of bacterial physiology forward. Those 
who think of themselves as geneticists 
or as molecular biologists will also find 
in it a new and useful perspective on cell 


g 


growth. 2 
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R.H. Pritchard is Professor of Genetics at the — y 


University of Leicester, 


herbs as a percentage of total land pollen 
(plus the taxon under consideration if it 
was omitted from the original pollen sum). 
Pollen taxonomy is on the whole conser- 
vative, being limited by the degree of 
discrimination used by the many primary 
authors. Thus Ericaceae is not subdivided, 
though Quercus is separated into 
deciduous and evergreen types. A separate 
map is plotted for each taxon at each 
sampling interval and is preceded by a dis- 
cussion of the taxonomy and pollen 
dispersal characteristics of that taxon, 
together with a description and inter- 
pretation of the main changes observed. 


The selection of sites for data s 
abstraction is clearly an important aspect “~* 


of the research underlying this book. 
Mainly those which are well dated using 
radiocarbon techniques are used. This was 
obviously necessary, though it has resulted 
in the exclusion of some significant data, 
such as the contribution of Phillyrea to the 
pollen rain of southern Iberia. ideally, only 
influx data would have been used but in 
practice this is impossible because of the 
lack of sites from which such information 
is available. The use of percentage data 
undoubtedly results in some confusing 
pictures, however; a tree species which is 


invading an open landscape, for example, 


would be better represented in propor- 
tional terms than one invading a region 
already bearing forest, though invasion 
rate and population density may be the 
same. Sites with old sediments (>10,000 
years) are generally less frequent than those 
with recent material, so the resolution of 
the contour maps is less fine for these. 
Overlay sheets showing the precise location — 
of the sites abstracted for each time sample 
are vital for the indication of this resolution 
capacity and are supplied, together with 
overlays of physical features and national _ 
boundaries. e 






























SCANNING ELECTRON MICROSCOPY 





at 
MICRO 84 





MICRO &4 takes place at the Bloomsbury Crest Hotel in London from July Sth to 13th 1984. MICRO is the largest conference and exhibition concerned 
with all aspects of light and electron microscopy; and any one microscopical technique, such as SEM, can be easily seen in the context of ali 
the other, allied techniques, available, Today, the SEM is very much a microscopist's workhorse and there is a strong SEM theme running through 
the whole of MICRO. Some symposia are directed specifically to SEM, others have particular lectures which sre relevant to SEM, while in stiil 
others complementary techniques are discussed, The following list highlights some of these lectures. 


SEM OPIMISATION 
(Thursday /Friday) 


TUTORIALS IN MODERN 
ASPECTS OF MICROSCOPY 
(Wednesday) 


STATE OF THE ART IN TEM AND STEM 
(Tuesday) 


ANALYSIS IN THE SEM 
(Friday) 


IMAGE RECORDING 
(Wednesday ) 


APPLICATION OF SEM 
(Throughout MICRO) 


EXHIBITION 
(Throughout MICRO) 


The main objective of this symposium is "Getting the best out of your SEM", A series of tutorial lectures 


from acknowledged experts will cover the instrument, its operation, specimen preparation, image recording 


and image interpretation, 


This Symposium is concerned with microscopy and analysis of solid specimens. The lectures will not only cover 
SEM methods for the non-expert, but alse Quantitative Microscopy, Scanning Optical Microscopy, Acoustic Micros- 
copy, and Atom Probe Analysis. 


A series of tutorial lectures will deal with imaging and analysis of thin specimens. Among other things, 
the symposium is intended to update the knowledge of those not working directly with TEM or STEM, 


In the sessions on X-ray microanalysis and cryo-techniques a number of the presentations specifically 
deal with preparation of specimens, including by low temperature methods, and their analysis in SEMs, 


The symposium will include lectures on optimisation of scanning images, electronic processing of images, o > 


and photographic recording of images, 





Throughout MICRO, many of the sessions will include lectures on applications of the SEM to structural 
observations and microanalysis. Topics including an SEM component include: interfaces in semi-conductors; 
automated SEM in environmental studies: sutomatic SEM particle analysis in forensic science; SEM in the 
study of ancient materiais., 


It is expected that more than 50 companies will be exhibiting their latest microscopes and ancillary equipment, 
covering the complete spectrum of instruments and techniques including, of course, full representation 
of SEM equipment. 


Details of the MICRO 84 programme, and further information, are available from- 


The Administrator, Royal Microscopical Society, 37/38 St Clements, OXFORD OX4 1AJ. Telephone: (0865) 248768/721081 
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ae neurobiologists is being pursued with new vigor because of the influx of 


a | _ molecular biological techniques—recombinant DNA and hybridoma, for 
- example—to the nervous system. The result has been dramatic pro- 
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MOLECULAR NEUROBI 








~Volume xvii N 


How does the brain work—how do its nerve cells interact to produce sanninna Ye 
thought, feeling, perception, memory? This basic question confronting pee, 


- molecular biologists into the field of neurobiology and the application of 


ogress over the past two years, and the 48th Cold Spring Harbor Sym- 
positim focusing on Molecular Neurobiology attests to this progress and 
excitement. The papers in this volume, which address a broad range of 
topics including the biochemistry and molecular genetics of the acety- 
_ |choline receptor, electrically excitable channels, the regulation of axon 
organization; genetic analysis of the nervous system, and synaptic ore — SE waj A 
-organization and function, describe the latest work in this field and 60S ela oo Vd mapeada viens werenrnwwn ody 
summarize at a high level the work of many laboratories: 
Single channel records of reconstituted acetyichaling receptors inthe 
presence of monoclonal antibodies superimposed upon a cartoon of 


the receptor molecule which indicates the. binding sites af the: ami- 
bodies. (J. Lindstrom} 


ee aS Acetylcholine Receptor and Its Channel 
-Papers by A. Karlin et al.; R.M. Stroud et al.: M.A. Raftery et al.; J.-P Changeux; N.J.M. Birdsall et al.. S. Numa etal. J. 


Patrick et al. N. Davidson etal.: M. Ballivet et al.: J. Lindstrom et al.; Z.W. Hallet al.; E.A. Barnard et al., D.J. Anderson; J.P 
Merlie et al. 


Na+ Channel 
Papers by C.F Stevens; W.A. Catterall et al.; W.S. Agnew et al.; L.C. Fritz et al. 


Ca++ and K + Channels 
Papers by M. Schramm et al,; H. Reuter et al.: R.W. Tsien et al.: E.R. Kandel et al.; L. Salkoff; L. Y. Jan et al.;B. Sakmann et 
al.: J.L. Barker et al.; S.G. Cull-Candy; D. Triggle et al.; S.M. Goldin et al. 


Studies on Neuronal Proteins with Recombinant DNA Techniques 
Papers by D.M. Fambrough; J. Mallet et al.; D.M. Chikaraishi et al., K. O'Malley et. al.; T.H. Joh; L.J: DeGennaro et al.; R.M. 
Lewis et al., R.J. Gould et al. 


Molecular Aspects of Neuropeptides 
Papers by YN. Jan et al.; R.M. Evans etal.; A.C. Mahon, R.H. Scheller; E. Herbert et al.; J.L. Roberts et al.; E.M. Shooter et 
al- A. Ullrich et al; J. Rossier et al. 


Genetic Analysis of the Nervous System 
Papers by J.E. Sulston; H.R. Horvitz et al.: WE. Hahn et al.; J.G. Sutcliffe et al.; L. Buck et al.; C.C. Kuenzie et al. 


Neuronal Surface Molecules 
Papers by U. Rutishauser; G.M. Edelman et al.: C. Goridis et al.; D. Schubert et al.; B. Zipser et al.; M. Schachner et al:; 
M.C. Raff et al. 


The Regulation of Axon Organization 
Papers by D. Bentley, M. Caudy; G.S. Goodman et al.; R.D. McKay et al.; L.E Reichardt et al.; W.D. Matthew, PH. 
- Patterson: J.G. White et al.; R.J. Wyman, J.B. Thomas | 


Synaptic Organization and Function 
Papers by U.J. McMahan etal., J.R. Sanes, A.Y. Chiu: H. Thoenen et al.; T. Jessell et al.; R.B. Kelly et al.: M. Nirenberg et al. 


The Cellular Organization of Neurons 
Papers by K. Weber etal., R.J. Lasek etal. O. Steward: W.M. Stallcup et al.; A. Matus et al.; U.Z. Littauer et al. ; M. Willard et 
BL. 


me ae “Behavior | 

| Papers by J. Adler: D.E. Koshland, Jr. et al.; J.H. Schwartz et al.; E.R. Kandel et al.; W.G. Quinn et al. 
|. Aspects of Vision 

cr on Papers by L. Stryer; H.G. Khorana et al.; C.J. Barnstable et al.; R. McKay et al. 

-| — Summary (E. Kandel) 





| 1983, 920 pp., illus., indexes 
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present-day pollen maps is 







provided, which is of use as a datum 
m which the past can be viewed. Also of 
iterest is the principal components 
analysis and mapping. Here the total data 
set at each sampling interval is ordinated 
and the sites mapped according to their 
scores on each axis. Distinct patterns 
emerge and can be interpreted on the basis 
of the loadings of the taxa on each 
component. In this way the distribution of 


major vegetation formations at each | 


sample time can be discerned and their 
changing patterns observed. 

The outcome of these analyses and 
compilations is an excellently presented set 
of maps which amply rewards careful 
study. In them one can trace the glacial 
refugia of our now familiar tree species, 
and the routes by which they re-invaded 
central and northern Europe, previously 
laid bare by glacial and periglacial climates. 
One can observe the complex vegetation 
patterns of modern times emerging as a 
consequence of the interaction between 
deteriorating climate and the progressive 
management of the landscape by human 
beings. 

The beech (Fagus), for example, is 
represented by just a few scattered pollen 
grains in the Balkans 10,000 years ago. By 
6,500 it had managed to reach northern 
Italy and was squeezing around the east of 
the Alps into Austria. Then came a surge 
westwards into southern France, 
northward through Poland to the Baltic 
and finally the spread to the north-west and 
its entry into Britain probably between 
3,000 and 4,000 years ago. Archaeologists 
will no doubt be comparing such 
movements with cultural developments in 
Neolithic and Bronze Age Europe to see if 
its ultimate spread can be linked with 
primary forest disturbance and secondary 
invasion. 

Pine reached Britain much earlier; 
certainly by 10,000 years ago. One does, 
however, gain a distinct impression from 
these maps that the Scottish population 
had a separate origin from the English one, 
the latter being clearly part of a northward 
movement in Europe, whereas the former 
seemis to be linked with Scandinavia. This 
should add fuel to the debate, generated by 
| .¥écent cytological work, over the taxo- 












Presented in simple, graphic form, there 
such a wealth of information here that all 
< palynologists will find new insight into 

their own particular field of interest. The 

= expectancy of past months will now be 
replaced by an industrious hush in the 
- - palynological world as we each work out 
<- the implications of these maps for our own 
pet theories and projects. It is a splendid 
book, well worth waiting for, and the 
perfect present for the armchair 
biogeographer. G 
PE EREE AEA A A AAA 
- Petet. D. Moore is Senior Lecturer in the 

Department of Plant Sciences, King’s College, 
University of London. 














omic affinities of the Caledonian pines. | 


BOOK REVIEWS 

| Explorations in 
neurobiology 
Charles F. Stevens 





Membrane Potential-Dependent Ion | rn 


Channels in Cell Membrane: 
Phylogenetic and Developmental 
Approaches. 

By S. Hagiwara. 

Raven: 1983. Pp.115. $29.50, 





THE world has explorers, those who- 
discover new lands, and map makers, those- 


who chart out what the explorers have 


found. Although Hagiwara — universally 


known as Hagi in the trade — has made his 
share of maps, he is one of neurobiology’s 
foremost explorers, and with this book has 
given us a journal, written retrospectively, 
of his travels. He writes in the first person, 
informally and clearly, and not only des- 
cribes what he has discovered, but also 
what he was searching for, why, and what 
he thought about the things he turned up. 

Hagiwara has had an important role in 
the development of neurobiology and 
membrane biophysics in many ways, but 
two of his general influences require special 
note. First, he has been a leader in 
informing neurobiologists of the value of a 
comparative approach. Not so many years 
ago, a prejudice was abroad among brain 
scientists that studies of lower organisms 
are largely irrelevant for revealing the 
mysteries of nervous systems such as our 
own. A few invertebrates — the squid, for 
example — were awarded honorary 
mammalhood, but mostly invertebrate and 
non-mammalian vertebrates were tacitly 
considered unworthy. Hagi, together with 


~ | area of influence, one must appreciate tk 
| Situation in neurobiology about 1960 
- Intracellular recording was just 









Kuffler and others, showed us 
systems that best reveal the prope 
the brain can be invertebrate neurones 
certain cells (such as eggs) that are not eve 
neuronal. R 







To understand Hagiwara’s second m 








be widely used for a variety of di 
systems, and voltage clamp studies 
rare. In those days all neuronal membrar jẹ 
were simple things, equipped with only t 
Hodgkin-Huxley sodium and potassit : 
channels. We now know, of course, that 
the brain’s electrical activity depends upon 
a great number of different channel types. 
This insight depended in large part on’ _ 
results of Hagiwara’s studies described in 
his new book. Ee 
The book itself is not long, just over 100 
pages which are divided into five main _ 
chapters, with a brief introduction and 
conclusion. These chapters focus on _ 
Properties of voltage gated sodium, Soe 
calcium and potassium channels, and the 
descriptions appropriately centre on Hagi- 
wara’s own work — most of the figuresare, 
for example, from his papers — although 
other contributions are not neglected. The 
writing is straightforward and easy to 
understand, but this is not a book for the 
casual reader who wants to learn something 
about the importance of channels to our 
understanding of brain function. Those 
who study channel function, however, will 
want to read this illuminating, personal x 
account of Hagiwara’s contributionsofthe 


rey 


past quarter century. = 


ATANAN are mmap anan a aa 


Charles F. Stevens is Chairman of the Section of . 
Molecular Neurobiology at Yale University 
School of Medicine. 
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Chromosome cookery 
Michael Ashburner 


Working with Animal Chromosomes. 
By Herbert Macgregor 

and Jennifer Varley. 
Wiley: 1983. Pp.250. £17.50, $33. 








RECIPE books have a long and 


distinguished history. Mrs Beeton’s 
Cookery and Household Management has 
set many a married couple on the path to 
conjugal bliss, a path made smoother by 
good cooking. Macgregor and Varley now 
offer, to a rather narrower audience than 
Mrs B, Working with Animal Chromo- 
somes. Their intention is ‘‘to describe in 
detail ways of working with chromosomes 
that are most useful for tackling current 
problems relating to the organization, 
function and behaviour of the genome in 
eukaryotic cells’’. Nearly half of the book 
is devoted to giant chromosomes — the 
polytene chromosomes of flies (but not, 
alas, of protozoa) and lampbrush 


| learnt it is usually quite easy to pick up a 


chromosomes, especially those of the 
amphibian oocytes. This emphasis reflects 
the authors’ own research interests and, of 
course, their aims. ae 
The analogy between cooking and cyto-. 
logical techniques is a good one. Both —__ 
demand a degree of flair and extensive 
practice. Both can be learnt from books, 
but should be learnt from a master. For: 
both, some appreciation of the underlying 
chemical and physical principles is a help, 
but many of the best cooks, and cyto- = 
logists, use intuition and ‘‘feel’’, rather 2 
than science, in their art. At the very best 
any recipe book can only inform the reader. 
that some techniques are possible and that. 
close attention to the recipe will producea 
result that is broadly successful. To dò- 
more will require practice. | | 
Macgregor and Varley have quite 
deliberately not attempted to be — 
comprehensive nor have they included any = 
serious consideration of the theoretical 
background to the methods they describe. I 
would support the selectivity of their 
coverage; once a basic technique has been 














300 





more specialized method based upon it. 
. However, the price for selectivity is over- 
generalization, the risk of misleading the 
reader. By and large the authors have 
avoided this problem. 

Tam less happy about the iack of theory, 
~ particularly in the final chapters on in situ 
hybridization, autoradiography and the 
“measurement of chromosomal DNA. I 
accept that the authors have provided 
extensive references to more technical 
<- papers. But one aim for a book of this type 
is that it should be reasonably self- 

contained. I would also like to have seen a 
fuller discussion of the pitfalls in the 
interpretation of data. To give but one 
example, a method is given for the im situ 
hybridization of DNA probes to 
chromosomal RNA. This technique is 
~ valuable, especially for transcripts from 
non-repetitive sequences (not considered 
by Macgregor and Varley) but must be well 
controlled against the artefact of DNA- 
DNA hybridization. The methods for 
-~ controlling this technique are, unhappily, 
not included. 

There will, however, be few cytolog- 
ists who cannot read this book for profit. 
Macgregor and Varley have written a use- 
ful introduction to modern methods for 
working with animal chromosomes, and 
have done so in a most readable way. G 





Michael Ashburner is Reader in Developmental 
Genetics at the University of Cambridge. 





Language of physics 
Nevill Mott 


- Reflexions d’un Physicien. 

By Anatole Abragam. 

Hermann, 293 rue Lecourbe, 75015 
Paris: 1983. Pp.152. FF 58. 








ANATOLE Abragam is one of the most 
distinguished of French theoretical physi- 
cists; he is nowa professor at the Collège de 
France, and was this year elected as a 
- foreign member of the Royal Society. His 
= speciality has been research on nuclear 


_ magnetism. The atomic nucleus carries a 
small. magnetic moment, which can be 


detected by resonance methods, and 
nuclear magnetic resonance (NMR) is now 
_ auseful tool in many branches of science. 
This book contains lectures, articles and 
letters from throughout Abragam’s career. 


A third of it is taken up with two lectures on | 


nuclear magnetism, the first of which, 


- given in 1960 at the Collége de France, tells 


amusingly how research on NMR started 
©. independently in Stanford and in Harvard, 
>o with different concepts and techniques. 


For years afterwards one could tell from 
- which side of the continent a researcher | 





came ‘‘plus surement que par son. accent’’. 


The second continues the story from 1960 


to the present day, giving a very readable 





account of the present position of his- 


| BOOK REVIEWS 


subject. ‘‘Magnus’’ he calls it, rejecting 
‘“‘Magnuc’’, a current abbreviation, because 
of its ugliness. 

Abragam is sensitive to the way things 
are written. He claims that George Orwell 
was right about one thing — the corruption 
of language. So I turned with interest to his 
article on the use of the French language in 
scientific communication. Abragam is a 
realist; he appreciates the position of 
English — ‘‘broken English’? — and 
knows that nearly everyone will use it to 
make themselves widely understood. But 
while the Anglophones will suffer by seeing 
their language debased, the young French 
scientists, forced to learn a foreign 
language, will the better appreciate and use 
their own. Scientific French must however 
be preserved, and Abragam calls for a 
government subsidy to enable major books 
by French scientists to be published in 
French and English. 

On big science and little science, in an 
article written in 1968, there is much good 
sense: we must have big science, he says, 
but must be careful not to lose our souls to 
it; “propter vitam, vitae perdere causas’’. 
And in an appendix written 15 years later 
for this volume, he wonders if big science 
and little science are terms that have lost 
their validity in this age of micro- 
electronics. He quotes with dismay the 
view of one of the most brilliant of 
American theorists, that the key to the 
unsolved problems of today lies in the 
computer. He hopes that in physics this is 
not so — and compares his feelings with 
those of the wife of Bishop Wilberforce, 
who hearing the doctrine that man is 
descended from the apes, said “‘if this 
horrible rumour turns out to be true, let us 
pray to God that it does not get widely 
known’’, 

There is much else — a moving tribute to 
his friend and teacher John van Vleck; a 
letter on Orlov; and ‘‘La Physique, pour 
quoi Faire?’’, an address to the French 
Physical Society in 1973, which gives a 
passionate defence of our science. This last 
is perhaps a period piece; the call for rele- 
vance, the anti-intellectualism of popular 
culture, may have been stronger at that 
time than now. Physics stands for truth, he 
says, and the disorientation of youth is a 
result of the lies that pervade our society. 
He does not evade the question of scientists 


and defence. Yes, he says, to the scientists 
who worked on radar in the years before | 


1939, no, to those who were developing 
weapons for the Vietnam war. On the 
whole, he feels that scientists can have a 
good conscience if they do good science. 
Professor Abragam has a lot to say; he 
says it with wit and clarity; and his French is 
ajoytoread. ‘= 





| Sir Nevill Mott was Cavendish Professor of 
Physics at the University of Cambridge from. 


1953 until his retirement in 1971. He was editor 


of the series International Monographs on 
Physics, published by Oxford University Press, | 
in which Professor Abragam’s Principles of | 
Nuclear Magnetism appeared in 1961. I 
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Insects organized 
Ingrid H. Williams 


Social Insects: Ecology 
and Behavioural Biology. 

By M. V. Brian. 

Chapman and Hall: 1983. Pp.377. 
Hbk £25, $49.95; pbk £12.95, $25. 











THERE are few scientists with the breadth 
of knowledge and understanding of social 
insect biology who could attempt a 
comparative treatment of all eusocial 
insects. M. V. Brian is one of these few. In 
Social Insects he has succeeded in collating 
a vast amount of scattered research 
literature, most of it published during the 
last ten years, into.a comprehensive treatise 
which will undoubtedly become a standard 
work of reference. 

Evolutionary trends and comparative 
ethology are the underlying themes of the 
book. There are seventeen chapters, each 
of which is further subdivided to enable the 
reader to find particular topics without 
difficulty. Dr Brian starts with food 
collection and description of diverse 
foraging strategies of increasing 
complexity, moving on to give examples of 
social insect mest structure and 
construction, and an account of the means 
by which suitable microclimates are 
selected and maintained. A further chapter 
is devoted to the different weapons and 
social organizations evolved for effective 
colony defence. 

Efficient food collection must be 
followed by efficient food processing, and 
here the importance of evolutionary trends 
to increase food preparation by adults for 
their young and to greater differentiation 
of a nursing caste to increase food 
conversion efficiency are stressed. This 
leads naturally to chapters on population 
growth, colony maturation and re- 
production, with evaluation of the relative 
merits of the theories of kin selection, 
material manipulation and polygyne 
family selection in explaining the success of 
the evolution of sociality in Hymenoptera. 
Dr Brian next deals with maintenance of 
colony integrity, and compares the roles of 
queens in monogyne and polygyne 
colonies, before rounding off the book 
with a discussion of speciation and 
examples of the cooperative and 
competitive interrelationships involved in 
species coexistence at the community level. 

The text is augmented by useful figures 
and some excellent photographs; the 
reference list is extensive and the subject 
and author indexes comprehensive. 
Written with the expert in mind, because it 


assumes a basic knowledge of social — 


insects, non-specialists will also find the 
book fascinating and informative. s 


metrinen a eaaa 


Ingrid H. Williams is a Senior Scientific Officer 
in the Department of Entomology, Rothamsted 
‘| Experimental Station, Hertfordshire. 
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MERICAN OFFICES NEW YORK Mi 


UNIVERSITY OF NEBRASKA 


POSTDOCTORAL 
RESEARCH ASSOCIATE 


non-tenure leading, available late 
March or early April. Design and 
conduct experiments to study photo- 
synthetic and metabolic 
> intermediates and leakage products 
_in symbiotic eukaryotic algae. Design 
and conduct experiments to analyze 
amino acids transport in algae 
symbiotic with hydra and 
Paramecium and to measure 
«e Intracellular pH. Will utilize TLC 
«and column cromatography in 
conjunction with radioactive 
“isotopes to follow biochemical inter- 
mediates. Possible use of HPLC. 
Requires PhD in Biology or related 
field. 


Experience in plant cell biology; 
familiarity with or willingness to 
learn radioisotope and chromato- 
graphy techniques; algal culture and 
use standard laboratory apparatus 
used in cell biology and biochemistry, 


Apply by March 20 to: R L Pardy, 
Search Chair, 348 Manter Hall of 
Life Sciences, University of 
Nebraska-Lincoln, Lincoln, 
Nebraska 68588-0118. Affirmative 
Action/Equal Opportunity Em- 
ployer. (NW377)A 
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PROFESSEUR-CHERCHEUR 


Fonction: 


inter et effectuer des travaux de recherche 
fondamentale au sein d une equipe muliciscipinave, 
dans le cadre du programme d étude de la mologie 
moecuare du wedhesement, coniaormemernt 

aux objectis soécifiques de SINKAS-Sante 








Le candida! sera appelé par ses connaissances 
générales en hrolagie moléculaire. a contrbuer á la 
omise en oeuvre de travaux de recherche rehes 
à. Tetude des phénamenes biologiques gi 
biothimiques relies au vedissement. cotamment 
par Tétude de fetfet de Läge sur les macamsmes de 
~o (Aparation des andes nuciéiques ef par (étude 
G8 Lappardion de phénomenes. d auto-iraunte 
Exigence: 
T Biologisie. genéticien ou immunologista 
“ getanteur dumPh.O dans une discipline appropnes. 
“ AVEC QuBiques années dexnénence de recherche 
_P -openinente en biologie moleculare ou ceitulare 













coif Punphigraten du Canada. la pront sera accordee 
Fo aux citoyens canadiens et aux residents 

: permanents du Canada 

~ Lieu de travail: 

Po INRS-Sante 
T Panaiion Gamein 

"FAGI tie Mochelaga 









|. Montreal, Quèbec 

f° Traitement: 

foo Selon ta convention cofectve des professeurs 
Date imie de recepton des canduiatures 

“Ler mai 1964 

- Toute candulatune sera rateg confilenteitement 
Les personnes inigressees A ce poste sont 
pees de tare pareri leur currumulurr viag en 
¥ Mahquan! ie numea du concours SP 44-05. au 
_ Directeur du personnel 

, institut national de ta recherche scientifique 
d 2700. rue Einstein 

‘| Sainte-Foy 


‘Quebec 
sw acr (NW372)A 
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UNIVERSITY © 
OF EDINBURGH 
Applications are invited for a 


POSTDOCTORAL 
RESEARCH FELLOW IN 
PLANT MOLECULAR 
BIOLOGY 


to join a research group investigating 
the developmentally-regulated 
control of gene expression during 
seed germination. Applicants with 
experience in at least one of the 
following areas, nucleic acid or 
protein biochemistry, plant 
biochemistry or recombinant DNA 
techniques should send a cv and the 
name of two referees as soon as 
possible to Drs C J Leaver and 
S M Smith, Department of Botany, 
The King’s Buildings, University of 
Edinburgh, Edinburgh EH9 3JH 
(031 667 1081 ext 3304). 


The position is supported by an 
AFRC research grant for three years 
from | May 1984, although a later 
Starting date is possible. The salary 
will be in the Range 1A (commencing 
between £7,190 — £8,530 pa 
depending on age). Please Quote 
Reference No 5155, (440)A 








range weather prediction. 


Candidates must have a good honours 





NATURE CLASSIFIED 


_ LONDON OFFICE Keith Walesby 4 Little Essex Street, WC2R 3LF Telephone 01 
ss Gene Fein 15 East 26 Street, New York, NY 1 
SAN FRANCISCO JJHS (415) 392 6794 @PASADENA JJHS (213) 796 9200 7 
k (312) 498 4520 @ BOSTON CEL Assoc (617) 848 9306 any 
Drake 17 Pine Crescent, Toronto, Ontario M4E 1L1 (416) 690 2423. 


THE UNIVERSITY 
OF SYDNEY 
DEPARTMENT OF THEORETICAL 
CHEMISTRY 
TUTORSHIP 


Applicants are expected to have a 
PhD with research interests in 
Theoretical Chemistry, Teaching 
duties include tutorials and 
laboratory supervision at the first- 
year level. Appointment is from 15 
May — 31 December 1984 in the first 
instance. Annual renewal thereafter 
up to three years of service (five years 
for a PhD student is possible but not 
guaranteed). The University reserves 
the right not to proceed with any 
appointment for financial or other 
reasons. One way economy air fare to 
Australia will be paid for successful 
applicant. 


Salary range: $A16,046 — 
$419,577 per annum. 


Applications, including curric- 


| ulum vitae and names of two referees, 


to the Registrar, University of 
Sydney, NSW2006, Australia, by 19 
April 1984, from whom further 
information is available. 


Equal employment opportunity is 
University policy. (W825)A 





Meteorological Office 
Expert in Oceanograp! 
and Numerical Modelling 
„tO lead the way in new development work 


This important opportunity is in the ocean/ 
atmosphere climate modelling group. It is 
expected that an augmented group capable 
of marrying existing expertise in numerical 
modelling with a realistic appraisal of basic 
oceanography will rapidly develop a fully 
effective ocean model capable of being linked 
with global atmospheric circulation and climate 
models. The immediate practical outcome will 
be more realistic assessments of the effects on 
climate of increased carbon dioxide, volcanic 
debris, deforestation, etc and improved long 


office hours). 


-240 1101 (Telex 262024) 
0010 — Telephone (212) 689 5% 







degree, or acceptable equivalent in mathematics 
or other relevant science and substantial experi- 
ence in a research department. 
Appointment as Principal Scientific Officer . ae 
£11,340-£14,930 with starting salary according = 
to qualifications and experience. Eo N 
For further details and an application form (tos 
be returned by 6 April 1984) write to Civil = l 
Service Commission, Alencon Link, Basingstoke, = 
Hants, RG21 1JB, or telephone Basingstoke = 
(0256) 68551 (answering service operates outside 























ROYAL HOLLO? 
COLLEGE : 
DEPARTMENT OF BIOCHEM 


POSTDOCTORAL 
RESEARCH ASSISTAN 


required to work with Dr W J Ows 
for three years on an AFR 
supported project. concerned» 
aspects of pesticide metabolisr 
plant tissue cultures.of om 
agricultural crop species. Applic 
should have a PhD in Plant Biot 
mistry, Organic Chemistry or relate 
discipline. Experience in pertines 
chromatographic (GLC, HP 
and/or spectroscopic. (nmr, 
techniques and in the use of radit 
labelled substances, or plant tissu 
culture techniques would be advantz 
geous. UP 





The starting salary will be upi 
£9,716 inclusive of Londo 
Allowance. pee 


Applications with curriculum vita 
and names and addresses: of twa 
referees should be sent to Mre Do 
Odds, Personnel Officer, Roya 
Holloway College; Egham Hill 
Egham, Surrey TW200EX, ee 
(1452)A 
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Please quote ref: $(B)677. 


The Civil Service is an equal opportunity employer. 
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National Institutes of Health 
National Cancer Institute 






BIO 






CROBIOLOGIST/ 


~The National Cancer institute has an opening for Chief of 
"he Chemical and Physical Carcinogenesis Branch of the 
carcinogenesis Extramural Program. 
< Duties include planning, developing, directing and man- 
aging a national extramural program of basic and applied 
research concerned with the occurrence and inhibition of 
cancer caused or promoted by chemical or physical agents, 
acting separately or together, or in combination with biologi- 
cal agents. ao 
_ The position requires extensive knowledge of the scien- 
tific basis of chemical and physical carcinogenesis research, 
experience in planning, administration and evaluation of 
research carried out under the grant, contract and coopera- 
tive agreement mechanisms, experience with effective per- 
sonnel management and supervision as well as experience in 
dealing with interrelationships between governmental, 
educational, industrial, and private research concerns. 
-in addition to three years of appropriate experience, 
minimum educational requirements inciude a 4 year course 
of study in an accredited college or university leading to a 


BOEN 


one of the world's leading genetic engineering companies with 
laboratories in the United States; Belgium and Switzerland, has 
a vacancy in Geneva for an 


i a ; a 
Associate Director 
of Research 
l E.. j-p s 
Administration 
: reporting directly to the Director of the research division. 
~The successful candidate will have responsibility for the 


administration of research and laboratory functions in Biogen’s 
< Geneva laboratories. 








ip ‘The position requires leadership. in an appropriate scientific 


experience. Of utmost importance is the ability to combine a 
- creative approach to science with sound business principles. 
Experience in the field of process development would be an 
if you are looking for a new challenge and career opportunity 
| the above requirements, please. send complete 


Pi sonnel Manager, BIOGEN S.A., route des Acacias 46, 





ind. All replies will be evaluated in 


-© (W828)A 
















SORY 
OGIST/CHEMI 


bachelor's degree with major study in chemistry or biology. 
A doctorate or equivalent training in molecular biochemistry, 
pharmacology or biology is desirable. 

This is a Civil Service Career-Conditional Appointment 
under the Merit Pay System at the GM-15 level with a Salary 
range of $50,252 to $63,652 depending upon the qualifica- 
tions of the applicant selected. Benefits include Civil Service 
Retirement, life and health insurance. This is a supervisory 
position and may require the incumbent to serve a one year 
probationary period. US. citizenship is required. 

Submit application (SF-171, Personal Qualifications 
Statement), current performance appraisal and names of 3 
references to: 


Ms. Rados, Cancer Personnel Office 
Bidg. 31, Rm. 3A-35, 9000 Rockville Pike 
Bethesda, MD 20205, Tel: 301/496-6864 


Applications must be received or postmarked by April 6, 1984. 
NIH is an equal opportunity employer. 
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CARCINEX 


a multidisciplinary biotechnology company in the San 
Francisco Bay area, is pursuing research and development of 
diagnostic and therapeutic products for a defined tumor 
system. Openings currently exist for: 





SENIOR PROTEIN CHEMIST 


with extensive experience involving (1) cell membrane 
proteins and their purification and (2) antibody purification 


SENIOR MOLECULAR BIOLOGIST 


with extensive experience in eukaryotic cell vectors and in 
the expression of foreign proteins in cultured cells 


_ IMMUNOLOGIST 
_ with at least 2-3 years experience in the area of cell mediated 
immunity, T-cell culture and lymphokines, 


Starting salaries are commensurate with background 
and experience. Attractive benefit packages are also | 
included. These positions are immediately available. 
Please send curriculum vitae and references to: 





Personnel Director, 
Carcinex 

1450 Rollins Road 
Burlingame, CA 94010. : 
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PUBLIC HEALTH 
“LABORATORY SERVICE 
ee BOARD _ 
- NATIONAL COLLECTION 
. OF ANIMAL CELL 
CULTURES at PHLS, CAMR, 
= PORTON DOWN, 
© SALISBURY, WILTSHIRE 


The Department of Trade and 
: Industry, as part of its programme to 
-support Biotechnology in the UK is 
funding the setting up of a National 
: Collection of Animal Cell Cultures. 
The functions of the collection are to 
store and characterise cell lines, 
including hybridomas, and to act as 
an Internationally recognised Patent 
Depository. The collection needs to 
fill the following vacancies before 
becoming operational in May 1984, 


SENIOR GRADE 
MICROBIOLOGIST 


A. cell biologist with biochemical 
experience is required to carry out the 
characterisation of cells and to super- 
vise the cell preservation and storage 
_programme. This post is for the 
“deputy to the Curator and thus will 
“involve some general administrative 
* duties. 

Applicants must have an 
appropriate degree, and be of proven 
ability in the disciplines described 
above. 


SENIOR MEDICAL 
LABORATORY SCIENTIFIC 
OFFICER 


A Senior MLSO with experience in 
microbiology is required to run the 
microbiology service within the Unit. 
This will involve the detection of bac- 
terial, mycoplasmal and viral agents 
in the cells and substrates using both 
conventional quality control pro- 
cedures and development of DNA 
hybridisation techniques. Candidates 
should have an appropriate qualifi- 
cation and proven expertise in micro- 
biology. 


+ MEDICAL LABORATORY 
* — SCIENTIFIC OFFICER 


Duties will include the preservation 
and maintenance of the cell stack. 
This post will provide the successful 
candidate with an opportunity to 
learn the techniques used in tissue 
culture and microbiology. 
Applicants should be registered with 
the Council for Professions Supple- 
mentary to Medicine. 
These posts can be discussed 
informally with Dr A Doyle, 
: (telephone Idmiston (0980) 610391). 
- These posts are within the current 
Salary scale range for Senior Grade 












Microbiologist £9,010 to £11,649, | 
Senior Medical Laboratory Scientific — 


‘Officer. £7,197 to £9,507, Medical 
‘Laboratory Scientific Officer £5,491 
to£7,747 and will be for a period of 3 
--National Health terms and 
conditions will apply. 

“Application with full Curriculum 
itae and names and addresses of 
hree professional or academic 
teferees should be sent to the 





Personnel Officer, PHLS Centre for | 


Applied Microbiology and Research, 
Porton ‘Down, Salisbury, Wiltshire 
SP4.0 “Telephone: Idmiston 
(0980) 6103 









0 March 1984. 










| 





Project for Animal Research and Development 
Bogor, Indonesia 


GENERAL: Australia is assisting the Indonesian Govern- 
ment Department of Agriculture's Research Institute for 


Animal Production with an institutional support project. 


over a period of fifteen years. The Project commenced in 
1974. The Institute conducts animal husbandry research 
and development to support ‘an increase in quantity and 
quality of animal production, and an increase in profit and 
welfare of the farmer’. 


Project staff advise and assist in planning and conduct- 
ing research and help train Indonesian scientists and 
support staff. The long-term aim is to staff the institute 
fully with trained Indonesians. The Australian aid contri- 
bution is administered by CSIRO on behalf of the 
Australian Development Assistance Bureau. 


Modern well-equipped laboratories are located at Ciawi, 
near Bogor, 70km trom Jakarta. Excellent facilities 
including analytical laboratory, library, veterinary ser- 
vices and workshop are available for research on 
nutrition, growth, reproduction, management, physioloi 
and breeding of chickens, ducks, sheep, goats, cattle 
and buffaloes. 


Applications. are sought from experienced research 
workers for positions as research program advisers in 
three Programs: Feeds and Technology, Farming Sys- 
lems Research and Ruminant Nutrition. Expressions of 
interest by senior scientists with experience outside 
these fields, but which is relevant to the Project's 
objectives, are also weicomed. One of the appointees 
may be asked to assume the additional r sibility. of 
managing the Australian component of the Project when 
the current Project Manager completes his term in 
December 1984. An additional allowance may be pay- 
able in these circumstances. 


CONDITIONS: CSIRO overseas conditions of service 


apply with respect to subsidized housing, local allow- 
ances and leave fares. It is essential that the appointees 


attain a degree of fluency in the Indonesian language. To. 


this end, language courses will be arranged. The 
appointments will be within the range of Senior Research 
Scientist-Principal Research Scientist; however, an ex- 
ceptional candidate may be considered for appointment 
at a higher level. 


TENURE: Two ot for position No M&885.and three 
years for M8883, Position No M8829 is negotiable for 
three to four years. Consideration will be given to 
applicants who desire a shorter term, The appointees will 
be required in Indonesia in December 1984. 


Australian. Government superannuation benefits are 
available for all positions. 


RESEARCH CHEMIST — _ 


ANIMAL FEED RESOURCES 
- Position No.: M8885 s 
PROGRAM BACKGROUND: The Feeds and Tech- 
nology Program aims at improving the quantity, quality 
and economy of production of feedstuffs; defining appro- 
ee technologies for the use of present and potential 
eed resources and of waste products and by-products. 


DUTIES: in addition to having an advisory role, the 
appointee will pian and conduct collaborative research in 
areas such as overcoming the anti-nutritional and toxic 
factors (alkaloids, tannins, mycotoxins, phytic acid, etc.) 
which limit nutritional value, and defining the mineral, 
amino acid and vitamin status of Indonesian feedstuffs. 
The training of Indonesian scientists will be an important 
responsibility. 


QUALIFICATIONS: PhD degree or equivalent qualifica- 
tions, with.a record of extensive research experience and 
outstanding achievement in chemistry as applied to 
feeds, food or agriculture in general and same experi- 
ence of ruminant or monogastric nutrition or the compo- 
sition of forage plants. A general understanding of the 





tries -and demonstrated 
. collaborative research are essential. 


‘by April 13th., 1984. 


tropics, an interest in the probiems of developing coun- a 


FARMING SYSTEMS 
SPECIALIST 


Position No.: M8829 


PROGRAM BACKGROUND: Livestock in Indonesian 


villages are a vital part of their complex agroecosystems. i 
increasing population and pressure on land, demand for. 8 
existing agricultural systems. This involves testing new E 
ideas on farmers’ lands and animals, and liaison wih E 


meat etc., demands new technologi 


other livestock research programs. 


The Farming Systems Research Program aims to in- Se n : 
crease the economic welfare of village farmers through - 


their livestock. 


DUTIES: To advise and work with Indonesian scientists” 
at the Institute on the planning and execution of research 


_ felated to village livestock: To train and advise scientists. E 

and staff in the Farming Systems Program in research Ae 
anning, formation of farmer groups, and ‘running of 
arm triais and demonstrations. To collaborate With — 


scientists in other programs and institutes, as part of a 
farming system approach to village livestock research. 


QUALIFICATIONS: PhD degree or equivalent qualifica- 
tions in a relevant field, with a record of extensive 


research experience and outstanding achievement; pref- F : 
„erably in tropical agriculture. Experience with farmer — 
groups and in development of technology with farmers in 


developing countries would be an advantage. A deep W 


interest and understanding of farmers, agricultural sys- E 
tems and animal husbandry, as applied to villages im 
countries like Indonesia is desirabie. 


RUMINANT NUTRITION 
‘SPECIALIST 


Position No.: M8883 


PROGRAM BACKGROUND: This program, aims af. 


‘improving ruminant production through definition of the 
feeding value of local feedstuffs and the development of 
appropriate rations. The emphasis is on the relation 
between nutrition and production: in village animais 
including the identification and correction of mineral 
deficiencies. Research on the energetics and nutrition of 
draught animals is expected to develop. ; 


DUTIES: To advise and work with Indonesian: scientists 


aimed at eaten technologies to overcome mi o- 
tritional limitations of Indonesian by-products and forage 
for ruminant feeding in villages, with particular reference 

to rice straw, rice bran and tree legumes. = = 


QUALIFICATIONS: PhD degree or equivalent qualifica- 
tions, with a record of extensive relevant. research 
experience and outstanding achievement. A general. ` 
understanding of the tropics, an interest in the problems. ‘ 
of village animal production in developing countries and ~ 
a demonstrated capacity to engage in collaborative — 
research are essential. O Rag 


APPLICATIONS: Stalna full personal and professional 
details, the names of at least two referees, and quoting 
the applicable position number should be directed to: 


Project Manager 

Project for Animal Research and Development 

¢/- CSIRO | 

PO Box 225 

DICKSON ACT 2602 
- AUSTRALIA 





capacity to engage in. 


at the institute on the planning and execution of research. W 



















= SENIOR 
- ASTRONOMERS 
tor ESA posts which have assigned duties at the 
SPACE TELESCOPE EUROPEAN COORDINATION FACILITY 
located at the European Southern Observatory. 





The European Space Agency (ESA) and the European Southern Observatory 
(ESO) have agreed to establish the European Coordination Facility for the Space 
Telescope. This facility will be located at ESO in Garching (Munich), Germany. 


3 The ECF will be the European centre for archival, retrieval and dissemination of the 
-ST scientific data and for information on the ST and its scientific operations status. 
- It will develop software for ST scientific data analysis as well as performing a 


i European coordination rôle in this area. The ESA positions available in 1984 are: 


ST Information Scientist. 


The holder of this post will be responsible for developing and maintaining a library 
of documentation on the ST, its instruments, and operational procedures. The 
scientist will keep in close contact with developments in the ST science operations 
‘in the U.S., follow changes in procedures and be aware at an early stage of any 
problems with the ST. The basic purpose of these activities is to provide a consul- 
tant service to European ST users in order to assist them in preparing for obser- 
vations or for new observing proposals. Applicants should be astronomers hol- 
ding a Ph.D or equivaient and having a good research record, substantial experien- 
ce in astronomy observations, and experience in developing instrumentation for 
RERA Observational experience should include the use of space astronomy 


-ST Instrument Information Scientists. 


Three astronomers/physicists are required to form part of a team providing Euro- 
pean astronomers with up-to-date information on the capabilities and status of the 
-ST instruments. They may also assist observers in resolving problems in ST data 
‘analysis which originate in instrumental malfunctions and limitations. 
Applicants must be experienced astronomers of Ph.D or equivalent level, with 
observational experience which includes space astronomy. A good background in 
instrumentation for astronomy is essential. 


ST Astronomy Data Analysis 
Software Specialist. 


A graduate level specialist is sought who has several years’ experience in pro- 
gramming and systems analysis work, particularly for large sets of scientific data. 
A background and interest in astronomy is highly desirable and experience in 
_ developing programmes for astronomy would be an advantage. He/she will work 
in a team of specialists charged with developing specific programmes for the 

analysis of ST data and coordinating the development of relevant programmes in 


‘Europe. Close contact with U.S. specialists working on these problems will be 





ee xd to Dr. B.G. Taylor, Space Science Department, 
- be directed to the HEAD of PERSONNEL at the same address, including detailed 
| curriculum vitae. | | | 





(W808) 








earch position suitable for PhD or 
equivalent offered in France 
possibility of travel in UK and USA. 
Suitable Training: Immunology, protein/ nucleic acid chemistry, 
„genetic engin. imaginative creative, unorthodox, strong friendly 
personality for team work. Conversation French is an asset. 
nur | salary USD 14,000. Send CV, manuscript letter 
ox W819, c/o Nature, 4 Little Essex Street, 
es ee EA eee 


~~ Res 
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ESTEC, P.O. Box 299, 2200 AG Noordwijk, the Netherlands. Applications should 


Please mention 
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when replying to these advertisements | - 


THE AUSTRALIAN 
NATIONAL UNIVERSITY 
RESEARCH SCHOOL © 
OF CHEMISTRY 









TENURED STAFF 
APPOINTMENTS | 


The Research School of Chemistry. 
proposes to make threeappointments 


at the level of FELLOW. over thenext > 


five years. These opening are part of a 
programme designed to attract 
outstanding young chemists to 
tenured positions within the School. 
There are no restrictions on any 
particular branch of chemistry. 
Although the areas of research 
nominated by candidates will be an 
important factor in the selection 
process, each appointment will be 
determined primarily by the 
academic excellence and promise of 
the candidate, who should have 
established a significant record of 
achievement. 





Applications are invited now frome 


candidates with appropriate F 
outstanding qualifications for the > 
first of these positions. 


The Research School of Chemistry 
is part of the University’s Institute of 
Advanced Studies and has no respon- 
sibilities for undergraduate teaching. 
The successful candidates will be able 
to devote almost all of their time to 
research. The classification of Fellow 
particular to this University spans in 
terms of salary and status the 
categories Lecturer to Senior 
Lecturer in other Australian 
universities. Appointment will be for 
five years initially. Reappointment to 
retiring age 65 will be subject to a 
satisfactory review of performance. 
Salary on appointment. will be in 
accordance with qualifications and 
experience within the range $427,272 
— $436,537 per annum. Current 
exchange rates are approximately? 
$A}: UK64p: $US 0.95c. E” 


Grants are provided towards travel 
and removal. Assistance. with: 
housing is given for an appointee 
from outside Canberra. Eligible — 
appointees are required to join the 
Superannuation Scheme for. 
Australian Universities. 






The University reserves the right 
not to make an appointment or to 
make an appointment by invitation at - 
any time, 


Applications close on 31 May 
1984, Persons interested should write. 
to the Registrar of the University, 
GPO Box 4, Canberra, ACT 2601, 
Australia, or the Secretary General, 
Association of Comonwealth 
Universities (Appts), 36 Gordon ` 
Square, London WCIH OPF, for- 
information and further details of the 
appointments before submitting an 
application. (W827)A 
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TE UNIVERSITY OF TECHNOLOGY, founded in 196¢ 


, recognizes te 


fields of study in technical and social sciences, and has about 4500 students. 


belong to the best in the Netherlands. 


Twente” is the only campus university in the Netherlands and has al the D 
advantages of a large urban region in which to live and work, and its ameniti 


The university and the surrounding cities are sited in a beautiful countryside 
with plenty of greenery. Next to the campus is a smali industrial park, a ceni 
of activities in the fields of electronics, instrument production and precision 


mechanics. 


The Department consists of four groups: 


Engineering Design, Production, 7 


Energy and Processes and Physical Principles in Mechanical Engineering. 
Three full professors in Mechanics, Tribology and Materials Science are 


participating in the group Physical Princi 


fora 


full professor 


ples in Mechanical Engineering. 


In the group Physical Principles in Mechanical Engineering there is a vacancy _ 


of materials science 


The emphasis of the specialization of Materials 

Science is focussed on: 

— the relation between the internal structure 
(microstructure and composition) of materials 
and all properties important for the 
mechanical engineer 

— mechanisms of nucleation and growth in 
recristallization precipitation and martensitic 
transformations | 

— determination of the internal stresses in 
materials and final products by electron- and 
X-ray diffraction techniques. 


Finally research is in progress on recycling of 
materials, with special attention on the 
development of new alloys wether or not from 
scarp. Due to the basic character of the 
research a series of advanced equipment is 
available in the Materiais Science Laboratory. 


Responsibilities will include: 

— preparing, together with the staff, the 
courses on materials science in the 
Department on an introductory as well as on 
an advanced level 

— initiating, stimulating, supervising and 
oe research in the above mentioned 

fiel 

— participating in the management activities 

= within the department. 


University 
noon ards 


The following points deserve special attention: o 
— collaboration with other departments. a gs 
teaching courses in materials science 

— establishment of contacts with other 
scientific institutions, government 
institutions, and trade and industry o 
concerning problems related to this field of 
study. ese 


Criteria: 

Candidates must: 7 Es 

— hold an university degree with a profound mee 
knowledge of material science with ample 
industrial experience SA 

— show evidence of research qualities, as ina. 
thesis and other publications of the same oe 
scientific level related to the field of study 

— be capable of establishing internal and : 
external contacts, eg. in relation to attracting 
contract research canes 

— show evidence of teaching and autoring 
ability. : 


Chairman of the appointment committee IS 
Prof.dr.ir. W. Bakker, Technische Hogeschool. 
Twente, Postbus 217,7500 AE Enschede, 
Nederland. Telephone 053-894496. 

Vacancy number: 84/A11. 



















STATISTICIAN 
$A24,344 — $A35,806 


VISION OF MATHEMATICS AND STATISTICS 
VICTORIAN AND TASMANIAN REGION 
CLAYTON VIC 

AUSTRALIA 


RO conducts scientific and techological research in laboratories 
{ throughout Australia and employs about 7, 500 staff, of whom 
2,900 are professional scientists. The Organization’ s research 
‘are grouped into five Institutes: Animal and Food Sciences, 
al Resources, Energy and Earth Resources, Industrial 
en ogy. and Physical Sciences. The CSIRO Division of Math- 
matics & Statistics is a member of the Institute of Physical Sciences. 


he Division of Mathematics and Statistics has a staff of 97, including 
75 professional scientists. The Division’s Headquarters is at Canberra, 

and there are Regional Offices located at Melbourne, VIC; Sydney, 
NSW; Adelaide, SA; Brisbane, QLD; and Perth, WA. Scientists of the 
vision provide advice on the ‘statistical, mathematical and numerical 
aspects of research projects undertaken by scientists in other CSIRO 
Divisions, as well as conducting basic research in statistics and 
mathematics. The current statistical programs of the Division are: 


Regression analysis 

Design and analysis of experiments 

Multivariate analysis 

Analysis of remotely sensed data 

Geostatistics 

i Signal analysis 

< The appointee, as a member of the Victorian and Tasmanian Regional 
_ Office of the Division located at Clayton in Melbourne, will undertake 
research appropriate to his/her experience and expertise with scientists 
in other CSIRO Divisions in the Region. 

Applicants should have a PhD degree or equivalent qualifications, ina 
branch of statistics. Preference will be given to applicants with 


consulting experience. 
‘The position is available for a term of five years and Australian 
Government superannuation benefits available. 


APPLICATIONS: Stating full personal and professional details, with 

-the names of at least two referees and quoting reference No A2187, 
Should be directed to: 

The Chief 

CSIRO Division of Mathematics and Statistics 

GPO Box 1965 

CANBERRA CITY ACT 2601 

AUSTRALIA 


by April 13th, 1984. 
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“AUSTRALIA 
ROYAL MELBOURNE INSTITUTE 
= OF TECHNOLOGY LIMITED 


SENIOR LECTURER IN 
BIOTECHNOLOGY 


jepartment of Applied Biology is seeking a senior scientist to 
inate and develop biotechnology research and development 
lities at RMIT, to establish close links with industry and to be 

ved in the undergraduate and postgraduate teaching 
‘ rammes in biotechnology. 


he appointee willbe expected to have post- graduate qualifications 
extensive research experience in one or more of the following 
iS: applied microbiology, fermentation microbiology, industrial 
HE y. genetic engineering, in vitro cell manipulation and 
xperience in a biotechnology industry and/or teaching 
ul be desirable. This is a tenured position. 


hin. he range A$31, 300 ~ = a i p: a. 
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UNIVERSITY 
“CAMBRIDGE 


UNIVERSITY 
LECTURER OR 
UNIVERSITY. 
DEMONSTRATOR 
in the DEPARTMENT 
OF PATHOLOGY 


‘NEW BLOOD’ 
APPOINTMENT 


Applications are invited for | 


appointment as University 
Lecturer or University Demon- 
strator to take up appointment as 
soon as possible. Applicants 
should be not more than 35 years 
of age, and have a Ph.D. degree 
or the equivalent. The successful 
candidate will be expected to 
develop a research project related 
to pathogenesis or immunity to 
microbial infection, or to both, 
will join an active group working 
in this field, and will be expected 
to contribute expertise in genetic 
techniques and gene cloning. 


The appointment will be for 
three years, with the possibility, 
for a University Lecturer of re- 
appointment for a further two 
years. The scales of stipends are 
for a University Lecturer £9,875 to 
£15,085, and for a University 
Demonstrator £7,630 to £9,425. 


Further information about the 
duties and conditions of appoint- 
ment may be obtained from the 
Secretary of the Appointments 
Committee for the Faculty of 
Biology ‘B’, 19 Trumpington 
Street, Cambridge, CB2 10A, to 
whom applications (12 copies — 
applicants resident overseas may 
submit only one copy}, including 
a curriculum vitae, list of publica- 
tions and the names of not more 
than three referees, should be 
sent so as to reach him not later 
than 18 April 1984. {1420A 








CHARING CROSS 
HOSPITAL MEDICAL 
SCHOOL 
(University of London) 


DEPARTMENTS Cb BIOCHEMISTRY 
AND PSYCHIATRY 


RESEARCH TECHNICIAN 
Applications are invited for this post 
to work on the modulation of neuro- 
transmitter release by endogenous 
agents and its relevance to aetiology 
of schizophrenia, The post is for 6 
months and the salary will be on the 
MESC scale. 


Applications including a curri- 
culum vitac and the names and 
addresses of iwo referees should be 
sent to The Seeretary, Charing Cross 
Hospital .Medicai School, The 
sas Building, St Dunstan's 
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HARWELL 


A postdoctoral biochemi i 
| chemist with an interest in 



















spinan team developing 
ploeies iroci mical route 







obi ANOR ace bio-re 
design or synthetic organic chem 
would be an advantage. 


This is a collaborative. project 
involving AERE Harwell, the School 
of Industrial Science at Cranfield 
Institute of Technology and the 
Inorganic Chemistry Department at 
Oxford University, The successful 
candidate will be appointed as..a 
Research Officer on the staff of 
Cranfield Institute, but will be 
located at Harwell in the Bio- 
chemistry Group; there would “be 
close collaboration with the Applied 
Electrochemistry Group. The. Bio- 
chemistry Group has in addition a 
substantial biotechnology. pro- 
gramme in the area of biocatalysis 
and separations technology. 


Salary, depending on age and 
experience, will be ih the range of 
£7190 — £10250 per annum and the 
appointment will be for two years. 






For further information and 
application form, please contact the 
Personnel Department, Cranfield 
Institute of Technology, Cranfield, 


Bedford MK43 2AL; telephone 
Bedford (0234) 750111, extension 
3336. (1408)A 





UNIVERSITY OF = 
SOUTHERN CALIFORNIA, 
SCHOOL OF MEDICINE. a 
DEPARTMENT Cb BICCHEMISTI 
CHAIRPERSON 
Applications and. nominations 


invited for the pon aar ha 










erra t consists ea 19 Faculty 
members avian E in pene 













C ona We ek an aien 
with a distinguished record- 
| research in the general field 
molecular biology and who 3 
recruit several additional. 
members in this area. 
should have evidence of 
teaching abilities. Ap 
nominations should be: 
30, 1984 and shou 
curriculum vitae and be: 


















































correspondence 10: Dr 
RETA ale are 




















Avenue: 


I 08 nel 
90034. | 

















MANCHESTER 
JHLDREN’S HOSPITAL. 
BASIC GRADE 
(TOGENETICIST | 
Grade Cytogeneticist is 
ed for busy routine Cyto- 
cs Department. The depart- 
provides a regional service for 
yd, part of Manchester and 
‘aining will be provided in all 
cts of routine cytogenetics and 
include antenatal detection of 
al tube defects. Applicants 
10uld hold a Ist or 2nd class honour 
degree in. genetics or in a related 
ject. 

Salary scale: £6,277 to £7,953 per 
annum, o coi 





~è 












































-= For informal visits and discussion 
_ please contact Dr S J Fennell, 
_ Principal Cytogeneticist. 

-=o Application forms and job des- 
criptions are available from Mr T 
- bison, Administrator, Royal 
Manchester Children’s Hospital, 
Hospital Road, Pendlebury, 
-= Manchester M27 IHA. Telephone no 
- O61-794 4696 ext 137. 
Closing date: 30 March 1984. 
ae (1461I)A 





-UNIVERSITY OF GENEVA 
_ MECHANISMS OF 
BACTERIAL 


a ce coe 3 


gens. Candidates, who must have 
_ worked productively for several years 
in the area.of molecular genetics or 
medical microbiology, should send a 
ev, list of publications and the names 
_ and addresses of 3 referees to: Prof K 
<N Timmis, 
Biochemistry, University Medical 
< Centre, 9, av de Champeld, 1211 
Geneva. (W791)A 
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_ THE EDINBURGH SCHOOL 
ee OF AGRICULTU RE 

‘SOI: SCIENCE DEPARTMENT 
RESEARCH ASSISTANT 
ired to participate in a study of 
fication in arable soils. The 
will be supported by a 3-year 
Research Grant. 

ting salary; £6,310 pa. 


\pplicants should possess a good 
in soil science, agricultural 
stry, chemistry or other 
e subject and the successful 
e will be expected to register _ 
igher degree. 






















ther particulars and 
tion forms may be obtained 
le. Secretary, The East of 
Collegeof Agriculture, 
oad, Edinburgh EH9 
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Dept of Medical. 






ASTON IN BIRMINGHAM 
COMPUTER CENTRE 
LECTURESHIPSIN 
COMPUTING AND 
INFORMATION 
TECHNOLOGY 


As a result of continued 
developments in computer science 
and information technology 
generally, we are seeking to attract 
young peopie of exceptional promise 
for a small number of new 
appointments. The successful 
candidates will be required to 
undertake research and to contribute 
to the centre's teaching programme. 


ideal candidates would have a 
higher degree preferably in computer 
science and special experience in 
either: 


(a) Database 
Systems, 


and Information 


(b) Computer Architecture or 


(c) Intelligent Knowledge-Based 
Systems 


Initial salary will be within and up 
to the maximum of the range £7,190 
to £14,125 per annum. Appointments 
will commence as soon as possible 
and will be made for a fixed-term of 
three years initially with the 
possibility of renewal or subsequent 
transfer to a continuing appoint- 
ment, 


Application forms and further 
particulars may be obtained from the 
Staff Officer (quoting ref: 594/6), 
University of Aston in Birmingham, 
Gosta Green, Birmingham B4 7ET 
England (Tel: 021 359 3611 ext 4564). 


Closing date for the receipt of 
applications is 27th April 1984. 
(1438)A 
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NATIONAL INSTITUTE FOR 
RESEARCH IN DAIRYING 


PHYSICAL SCIENCES 
DEPARTMENT 


A vacancy exists in the Physical 
Sciences Department to undertake 
research on the formation and 
properties of protein/lipid/air inter- 
faces in food emulsions and foams. 
with particular emphasis on dairy 
products. The research will involve 
the development and use of methods 


to measure the properties of inter- : 
faces, emulsions and foams together 


with a study of the relationship of the 
physical chemical properties of 
interfaces to their functionality in 
foods. 


Appointment will be as Higher 
Scientific Officer (£7,149 — £9,561) 
or Senior Scientific Officer (£8,970 
— £11,476). The NIRD is an equal 
opportunities employer. 


The candidate should have a First 
or Upper Second class honours 
degree in biophysics or physical 
chemistry, with at least two years’ 
relevant postqualifying research 
experience for appointment at HSO, 
four years’ 
contributory superannuation. 

_Apply | 





for SSO. Non- 

















_ PO Box 153, Cambridge CB2 3BE. Telephone: 0223 315576, 


- We have a position, shared jointly between the Divison of 








c.£16,000 — 


Schlumberger Cambridge Research is the fundamental resedl 
centre for Schlumberger’ oilfield drilling and production serv 
companies. CP a AEE 
This new position within the Wellbore Physics group, one of SCR 
five research departments, has been created to expand the group: 
work on fluid-rock interactions in oil and gas-well drilling.and 
production operations. lt will initially be responsible for definin 
and developing methods of measuring and interpreting critical: 
drilling fluid parameters, involving research on physicochemical 
processes in the wellbore, the development of sensors for field’ ©. 
measurement, and the analysis of field data. The group's work ig — > 
supported by an excellent laboratory, a major experimental facility” 
and a high-quality in-house computing service. ee 
We ate seeking an able PhD physicist or engineering scientist, 
preferably with several years post-doctoral or equivalent 
experience, who is interestedin blending creative basic research 
with the challenge of improving field engineering. You should : 
show strong evidence of your ability as an experimentalist. Those. 
with considerably more experience should not be deterred frome 
applying. he BES 
SCR scientists work as independent professionals within their- © 
departmental team while associating closely with other SCRE S 
colleagues, They are expected to establish close working relations 
with the drilling and production services companies, and are 
encouraged to develop strong scientific links with university and 
other external research centres in their field: Bruce 
Salary will be negotiated according to experience, and an 
excellent remuneration/benefits package includes relocation 
assistance where appropriate. cea 
Purther information is available on request. To apply, please send. 
full career details, quoting refi WBP/RS, to Mrs Jacqueline Bary 
Personne! Manager, Schlumberger.Cambridge Research, see 


Wellbore Physics _ 

























| | (1425)4. 


| Schlumberger | 


SCHLUMBERGER CAMBRIDGE RESEARCH: 

































Virologist 
£8,816 — £11,896 







Viral Products and the Division of Blood Products, fora ~ 
junior postdoctoral scientist for research work in a 
virological aspects of the safety of medicinal products’. 
derived from human blood. The appointment offers an. 
excellent opportunity fora young scientist, with previous | 
experience in biological, molecular or immunological = 
aspects of virology to participate in the Institute’s work in - 
this medically important field. a 
Salary is on a scale of £8,816 — £11,896 inclusive 
dependant on age, experience and qualifications. e 
For further details please contact the Personnel 
Office, NIBSC, Holly Hill, Hampstead, London 
NW3 6R B. Tel: 01-435 2232. 4 457)A j 
Informal enquiries may be ers 
made to Dr Schild. Please | 
quote reference number 
BL/ 036. Closing date for 
applications will be 
~A 13th Apri! 1984. Bose 
. N National institute for Biological Standards and 

























































DIVISION OF FOREST RESEARCH 
=- YARRALUMLA ACT 
a AUSTRALIA 
-onducts scientific and techological research in laboratories 
ted throughout Australia and employs about 7,500 staff, of whom 
2,900 are professional scientists. The Organization's research 
; are grouped into five Institutes: Animal and Food Sciences, 
ical. Resources, Energy and Earth Resources, Industrial 
nology and Physical Sciences. The CSIRO Division of Forest 
esearch isa member of the institute of Biological Resources. 
ENERAL: CSIRO’s Division of Forest Research conducts research on 
ore Characterization, Forest Management, Forest 
ology, Tree Breeding and Genetics, and Harvesting. The aim of this 


earch is to supply a scientific basis for balanced management of 
stralia’s forests in relation to wood production, water supply and 




























O scientific staff, and about 140 of these staff are located at Canberra. 


‘he Division has started a major multi-disciplinary program on the 
rowth patterns of P. radiata. This includes studies on root growth 
atterns and assessment of the amount of assimilate allocated to roots 
- under differing water and fertility treatments. Estimation of the amount 
_ of mycorrhizae present, and evaluation of their importance, is also an 
- objective. This area of work is vital to an understanding of tree growth 
- and must be developed, not only in the current project but also in similar 
| work to be done on Eucalypts. 
| DUTIES: As a member of a team studying tree growth, in relation to the 
-physical and physiological factors affecting it, the appointee will play a 
-leading role in undertaking research on root growth and turnover in 
relation to the growth of the above-ground parts of the trees, and on 
toot mycorrhizae and their significance. 
QUALIFICATIONS: Applicants should havea PhD degree or equivalent 
` qualifications in a relevant field. 
_ TENURE: A term of three years, with the possibility of a further term not 
exceeding two years. Australian government superannuation benefits 
are available. 
APPLICATIONS: Stating full personal and professional details, with 
e names of at least two referees and quoting reference No A2869, 
should be directed to: 

~ The Chief 
CSIRO Division of Forest Research 
PO Box 4008 
QUEEN VICTORIA TERRACE ACT 2600 
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© UNIVERSITY OF TORONTO 
_ DEPARTMENT OF BIOCHEMISTRY 


POST-DOCTORAL 
POSITIONS 


Post-doctoral training positions are available in the Department of 
mistry, University of Toronto, in the Fields of molecular 
membrane structure and function, enzymology, 
sy, protein chemistry, intermediary metabolism, etc. 
must have a PhD in biological sciences. Recent post- 
e is desirable but not essential. Candidates need 























ng curriculum 
Id be sent to: Dr. H. 


| above vacancy which involves the 
-jnitiation of experiments, design of 


applicant will be a post-doctoral 





and addresses 





DEPARTMENT OF MICROBIOLOGY - 
SENIOR RESEARCH 
| OFFICER © 

Applications are invited for the 


equipment and evaluation of results 
in the general area of attachment of 
animal cells to surfaces. Such 
investigations, will be construed to 
provide information of relevance to 
the design and operation of large- 
scale animal cell culture systems. 
Having established suitable experi- 
mental methods the appointee will 
have the full time support of a 
technician for the later stages of the 
work. 














It is anticipated that the successful 


worker who has been trained in one 
of the relevant Biosciences or a 
Chemical Engineer who has worked 
with biosystems. 








The project is to run for three years 
and will also involve Dr H Fowler of 
the University of Swansea. It will 
commence as close as is possible to | 
May 1984. The starting salary will be 
up to £8,080 per annum on the 
Research & Analogous Range IA 
scale. 


Informal enquiries may be made to 
Professor R E Spier, Department of 
Microbiology (0483 571281 ext 687). 
Applications in the form of a curri- 
culum vitae (3 copies) including the 
names and addresses of two referees 
should be sent to the Deputy 
Secretary (Personnel), University of 
Surrey, Guildford, Surrey, GU2 
SXH, by 6 April 1984 quoting 
reference 249/N., 


Further Particulars are available 
from the same address or by 
telephoning ext 452 at the above 
number. (1453)A 


UNIVERSITY OF LONDON 


INSTITUTE OF 
NEUROLOGY 
Applications are invited for a 
POSTDOCTORAL 
RESEARCH FELLOW 
AND A 
RESEARCH ASSISTANT 


to join an existing project aimed at 
the identification and characterisa- 
tion of human X-chromosome linked 
expressed genes in skeletal muscle. 


Also a Postdoctoral Research 
Fellow is required to join a project 
involved in the identification of 
nervous system specific genes part- 
icularly those expressed in motor 
neurons using cDNA difference 
library methods. 





































The positions are available 
immediately for a period of three 
years. Previous experience in Mole- 
cular Biology methods is desirable. | 
























DEPARTMENT OF BIOLOGY 
. AQUATIC ECOLOGIS 
The University of Calagary in 
applications for a position « 
Assistant Professor level. 
Department of Biology 
ful candidate will be. 


develop an active Te 


gramme in the area of pr 
interactions in. fr 










e 


ato 













the teaching of courses in commu 
ecology and aquatic ecology 
Applicants must have the PhD degre 
or equivalent, and should have. 
broad biological training and demor 
strate dedication to excellence. 1 
undergraduate and graduat 
teaching. Postdoctoral. experience 
would be advantageous, and some. 
preference would be given to 
candidates whose research involved 
the role of fish in aquatic: con 
munities. eke 


The appointment will be open aso 
September 1, 1984, with an expected 
starting salary in the range of $29,70@ 
ue $35,500, based on the 1983-84¢ 
scale. ee 


In accordance with Canadian _ 
Immigration requirements, this 
advertisement is directed to | 
Canadian citizens and permanent | 
residents of Canada. fa 


































Applicants are requested to submit 
a complete curriculum vitae, and to: — 
have three letters of academic 
reference forwarded, by May 15, | 
1984 to: Dr R W Davies; Head — 
Department of Biology, The. 
University of Calgary, 2500 . 
University Drive, NW Calgary, | 
Alberta, Canada T2N IN4. ee 
NWG7DA 






UNIVERSITY OF GLASGOW 


DEPARTMENT OF 
VETERINARY PHYSIOLOGY 


LECTURESHIP IN... 
VETERINARY PHYSIOLOGY oS 
Applications are invited from 
graduates in Veterinary Medicine 
Physiology or other relevan 
discipline for the post of Lecturer 
Veterinary Physiology. The appoint 
ment will date from Ist October, 
1984. oes 


The successful candidate will tak 
part in undergraduate and. post 
graduate teaching programmes a 
will be expected to be activ 
engaged in research on some as 
applied physiology of domes 
animals. Major research interes 
the department presently includ 
pathophysiology and immunolog) 
parasitic infections, and ga 
intestinal function and dysfunc 

Salary will be within the 
£7,190-£14,125 on the Lectur 
scale with placement according 
age, qualifications and experienc 


Further particulars ma 
Acad 




















































ns are invited from 
r qualified men and 
for appointment to the 
ollowing positions: 


RESEARCH SCHOOL OF 
HYSICAL SCIENCES 
)EPARTMENT OF APPLIED 
MATHEMATICS 


RESEARCH FELLOW/ 
STDOCTORAL FELLOW 


ent theoretical and experimental! 

“in the field of Membrane Bio- 

s- within the Department of 

ied Mathematics (Acting Head: 

N, Israelachvili, FAA) includes 

the structure and interactions of bio- 

logical membranes, lipid bilayers, 

vesides and microemulsions, with 

ticular reference to the role of 

' structure in surface-water, and 

Surface-surface interactions. 

However, ‘proposals to undertake 

ork in other related areas would be 
ynsidered. 


One post at either level will be 
/ available from August 1984, 


< Closing date: 30 April 1984. 


Conditions of Apppointment: 
- Salary will be in accordance with 
- qualifications and experience within 
e ranges: Research Fellow 
A23394-$30734 p.a.; Postdoctoral 
low Grade 1 (at fixed point) 
~$A20164-£23100 p.a. Current 
_ exchange rate $Al = UK65p. 


Appointment, unless otherwise 

tated, will be: “Research Fellow 
_ normally up to three years with the 
possibility of extension to maximum 
of five years; Postdoctoral Fellow 
normally two years, with the possi- 
bility of extension to maximum of 


rants are provided towards travel 
ind removal. Assistance towards 
Housing is given to an appointee from 

tside. Canberra. Eligible 
ppointees will be required to join the 
‘Superannuation Scheme for 
Australian. Universities. The 
‘University reserves the right not to 
nake an appointment or to make an 


im 


Prospective. applicants should 
ite to the Registrar of the Univer- 
y, GPO: Box 4, Canberra, ACT 
ustralia, or to the Association 
ionwealth Universities 

6 on Square, London 


OPF, for further particulars 


ibmitting applications. . 
pi  (W810)A 


OSTDOCTORAL | 
available May 1, 1984 or 
work on the biochemistry 
Olecular biology of blood 
lation. Experience in 
gy, Separation techniques, 
nunochemistry would be 
; not essential, 
culum vitae and names 


rae 


niment by invitation at any — 


IN BIOCHEMISTRY - 


Applications are invited for a lecture- 
ship in the Department of Bio- 
chemistry, to start not later than Ist 
October, 1984. This post arises as a 
result of secondment of Dr DM J 
Lilley to a Royal Society Research 
Fellowship held within the Depart- 
ment, and is available for five years 
with the possibility of extension to 
seven years. The successful applicant 
should have interests in the general 
area of DNA and/or chromatin 
Structure, and would be strongly en- 
couraged to develop a research pro- 
gramme either independently or 
collaboratively in this area. Excellent 
facilities are available for recom- 
binant DNA techniques, DNA 
sequencing and chemical synthesis of 
oligonucleotides, and the Depart- 
ment as a whole provides and excel- 
lent research environment. A variety 
of arrangements for the research 
activities of the successful applicant 


can be envisaged, ranging from a- 


more senior postdoctoral worker 
experienced in the field to a newly 
graduated PhD who might wish 
initially to work closely within the 
Department’s Molecular Genetics 
Group before becoming 
independent. Applications are also 
encouraged from Chemists who may 
wish to move to a more biological 
field. 


Salary on the scale £7190 — £14125 
with point of entry dependent on 
qualifications and experience. 


Applications (6 copies or, if posted 
overseas, 1 copy containing full 
career details and the names of 2 
referees, and quoting reference 
(EST/6/84J) should be submitted by 
l6th April, 1984 to the Personnel 
Officer, University of Dundee, 
Dundee DDI 4HN, from whom 
further particulars can be obtained. 
Informal enquiries can be made to Dr 
D M J Lilley at the Biochemistry 
Department. 417A 


UNIVERSITY OF ALBERTA 
DEPARTMENT OF IMMUNOLOGY 


POST-DOCTORAL 
POSITION — 
IMMUNOLOGY 


Available immediately. To involve | 


leading-edge research in human 
B-cell differentiation and human 
monoclonal antibodies against 
human cancer antigens. Candidates 
should have experience in 
lymphocyte culture and immuno- 
assays and will be expected to apply 
for a fellowship from the Alberta 
Heritage Foundation for Medical 
Research. 


Curriculum Vitae and three letters 


of recommendation should be sent 


Research Fund 
Centre at the 
Institute of Can 

Research — 


A Leukaemia Research Fund Centre is being established at thi pe 
Chester Beatty Laboratories of the Institute of Cancer Research in 
the Fulham road, London. The Centre (Director: Dr. MoOReoe 
Greaves) will have a broad based programme of investigations on 


the cellular and molecular basis of human leukaemia. 


RESEARCH POSITIONS — 
AVAILABLE FROM MAY, 1984 
1. Gene expression in human, = 


haemopoietic stem cells: 


A research fellow is required to investigate the pattern. of 

expression of genes associated with growth and differentiation | 

control (e.g. proto-oncogenes, growth factor receptors) in. 
progenitor and stem cells. The study will involve the analysis of - 
individual cells from in vitro colonies using molecular and. So 
monoclonal antibody probes. Experience in haemopoietic colony | 
assays and/or in situ hybridization would be very helpful. i 
{Ref. 300/ Gi 44) 


2. Natural history of human 


lymphomas: 


A research fellow is required to evaluate and develop the : 

hypothesis that neoplasms of mature lymphoid cells may ari 
a consequence of defective immuno-regulation. Experience i 
cellular immunology, cell hybridization and cloning, essential 
(Ref. 300/ G/ 45) ‘ebsites 


3. Oncogenes and cell surface 
receptors: 


A molecular biologist is required for the cloning and oe 
characterization of putative human oncogenes or genes coding 
for cell surface glycoproteins involved in growth and pee 
differentiation of haemopoietic cells. Experience in recombinant 
DNA techniques essential. (Ref. 300/ G/ 46) / = 


4. Membrane Biochemist: | 

A three-year postdoctoral research fellowship is available for. 
Studies on the biochemistry of membrane associated proteins of 
normal and malignant haemopoietic cells. Experience in. 
immunochemistry and membrane protein analysis willbe 
required. (Ref. 300) G/ 47) ia 


Salaries for the above posts will be within the United King 
MRC non-clinical scientific grades | or II according to agea 
experience. Fellowships will normally be tenable for 3 years 
although longer term contracts may be considered in special 
circumstances. m 


the Personnel Officer, Institute of Cancer Researct 
Sumner Place, London, SW7 3NU, quoting the app 


Applications for any of these posts should be sent in duplicat 


reference number. _ 








ICROBIOLOGIST 


A challenging career opportunity currently exists in the expand- 
ing biotechnology section of the Celanese Research Company. 
The successful candidate will join our professional team of 
dedicated scientists engaged in the application of state-of-the- 
art technology to the development of microorganisms and pro- 
_cesses for the production of a variety of chemical products. 


‘In addition to a Ph.D. in Biology, this position requires at least 2 
years post doctoral experience in the production (e.g. fermenta- 
tion), isolation and evaluation of microbial polysaccharides. 


Located at our Corporate Research Center in Summit, N.J. this 
position offers a salary commensurate with credentials, and com- 
prehensive benefits package in addition to a professionally 
stimulating environment. 


To be considered for this exceptional opportunity, please 
forward a resume with salary history in confidence to: Em- 
ployee Relations, Dept. PK, Celanese Research Company, 
86 Morris Ave., Summit, N.J. 07901. 

















(NW375)A 


E LAN p- S E We are an equal opportunity 
employer M/F/H/V 


SUMMIT TECHNICAL CENTER 


ms 





UNIVERSITY OF 
EDINBURGH 


LECTURER IN CLINICAL 
CHEMISTRY 


































HEALTH SERVICES IN SCOTLAND 


SCIENTIFIC 
ADVISER 


` This post, based in the Chief Scientist's Office, Edinburgh, also has 
foe significant duties within a Medical Group. 

_ inthe Chief Scientist's Office, work involves advising on scientific 
- aspects of research proposals and acting as professional secretary 
to two advisory committees on (i) development of medical and 
“scientific equipment and (ii) research into equipment for the 
lisabled. 
ithin the medical group, the successful candidate will advise on a 
de range of medically related subjects. 
will include attending meetings and conferences. within the 
and liaison with relevant government departments and other 


Applications are invited from 
medical graduates, and from science 
graduates holding a first or second 
class Honours Degree in Bio- 
chemistry or Chemistry or one of the 
related sciences, for the post of 
Lecturer inthe Department of Clinic- 
al Chemistry. The department is well 
equipped and there are good facilities 
for research and development work, 
Staff take part in teaching in all 3 
phases of the medical curriculum. 
The department is responsible for 
providing the diagnostic service in 
clinical chemistry for the South 


































services on a wider basis. It is fully 
registered for training in Chemical 
Pathology and there is a regular pro- 
gramme of postgraduate lectures. 
Arrangements to visit the department 
can be made with Professor L G 
Whitby (031-229-2477, ext 2319). 
Salary on the scale £9,490-£16,440 


for a medically qualified Lecturer, or 
£7,190-£14,125 for a non-medical 


didates must have a good honours degree, preferably in 
S, and relevant health service or industrial experience with 
owledge of radiation protection. Experience of committee work 
id be advantageous, as would knowledge in one or more of the 
areas: evaluation of medical equipment; services and aids 
the disabled; commercial development of inventions. | 
\ppointment as Principal Scientific Officer £1 1,340 — £14,930 with 
starting salary according to qualifications and experience. 
urther details and an application form (to be retu rned by 
















will be recommended for the award 
of the appropriate Honorary Con- 
tract by the Lothian Health Board. 
















<16 Waterloo Place, Edinburgh EH1 3DN. Please || mitted by 14th April, 1984, together 


1677. iia. = F | with the names of two-referees, to the 


re re eran AETLTI gr tte a Secretary to the University, Old 


opportunity employer -| | EH8 SYL, from whom furt 


Lothian District and some reference | 


- funded by the Leverhulme T 


Lecturer; the successful applicant | 


1984) write to Scottish Office, Personnel Division, Applications (8 copies) to be sub- | 


(fixed term — 1 yea 
microbial physiology and/ ot 
chemistry. The appointee wi 
actively encouraged to develop 
research programme in one of th 
following areas: catabolism. of 
halogenated compounds; 
plasmid stability; or gene transfer 
between microbial communities. | 
Salary: Within Other Related | _ 
Staff 1B £6,310 — £7,190 per] 
annum. | 
Requests (quoting Ref. B32) for 
details and application form to 
Staffing Office, UWIST, PO Box 
68, Cardiff CF1 3XA. cee 
Further information can be 
obtained from Professor J. H 
Slater, on Cardiff (0222) 34130. 
Closing Date: 13 April 1984. 
(430 4- 




























































UNIVERSITY OF DURHAM __ 
DIRECTOR OF THE CENTRE | 
FOR MATERIALS = 


SCIENCE AND 
TECHNOLOGY 


Applications are invited for the post _ 
Director of the newly established | 
Centre for Materials Science an 

Technology. ae 


The post requires a candidate with, 
an established reputation in one O 
the fields of materials science anda i 
broad knowledge of the field-as ac 
whole together with a proven record 
in R and D management. The Centre — 
will provide a focus for materials | 
research, innovation and problem | 
solving for large, medium and small _ 
companies on regional, national and _ 
international scale. It will have its 
own staff, custom-designed building, - 
instrumentation and facilities to 
complement those in the contributing 
departments of Applied Physics and 
Electronics, Botany, Chemistr 
Engineering, Geological Science 
Physics and the University Busine 
School. = oe 

The initial appointment is for fi 
years and will, for that perio 

































then envisaged that the Cen 
self-financing. Sik © 

The salary will be negotiated 4: 
region £19,000 — £20,000. 
annum. The University Supera 
ation Scheme willapply.  _ 







interest in early embryonic 
ypment is required to partic- 
in an established IVP 


ry on the IB/IA Research 
tant scale, according to 
fications and experience. 
iment for one year in the firs! 


Applications, including a full 
priculuni vitae and the names and 
dresses of 2 referees should be sent 
vihe Secretary at the above address 
March 1984. Please quote Ref 

i/ BS, (1454)A 


NIVERSITY OF LEICESTER 


RESEARCH ASSOCIATE 
7 (non-clinical) 
plications are invited for the 
above post of Research Associate 
rking with Dr H Thurston in the 
Department of Medicine in the 
nical Sciences Building at 
eicester Royal Infirmary. This post 
s funded by a grant from the 
National Kidney Research Fund for a 
2 year ‘project on the role of the 
iMipathetic nervous system in the 
lopment of hypertension. 
icants should have a Post- 
jate research qualification. 


Salary within the range 
£7,190-£8,080. Further details can be 
tained. from D H Thurston, 
epartment of Medicine, Clinical 
ces Building, Leicester Royal 
firmary, Leicester, to whom 
lications with the names of two 
rees must be sent before 31 March 


P Detector Developmen 


Synchrotron Radiation 


The Daresbury Laboratory, situated in North Cheshire, operates major national n 
facilities for research into atomic, molecular and biological sciences, nuclear physicsand ` 
computational sciences. : eS ee 

The Laboratory is expanding its work in the field of fast detector systems and has 
vacancies for: x - f 


SENIOR DETECTOR SPECIALIST (Ref DL/846) 7 
with experience in the development and exploitation of multi-wire proportional detectors 
or related devices. The successful applicant will be expected to make a major contribution _ 


in the development of high resolution high rate systems for x-ray imaging and Bo 
subsequently to pursue developments in other regions of the electromagnetic spectrum 
working in close collaboration with a multi-disciplinary research community. re 
Applicants should have a good honours degree (or equivalent qualification) in physics 
or electronic engineering and a record of achievement in research instrumentation. 
The appointment will be made within a salary range of £8,970 to £12,163 per annum 
according to qualifications and experience. 


PHYSICIST/ELECTRONIC SPECIALIST (Ref DL/847) 


with a primary commitment to instrumentation to assist in the development of special 
purpose detector systems and their application to a wide variety of experiments. 

Applicants should have a good honours degree (or equivalent qualification) in 
physics/electronic engineering. Specialised experience in multi-wire proportional 
detectors is desirable though not essential, but a commitment to high speed analogue and 
digital signal processing is required. 

The post entails working in a multi-disciplinary environment and demands qualities of 
resourcefulness and adaptability. 

The appointment will be made within a salary range of £5,682 to £9,561 per annum 
according to qualifications and experience. 


ELECTRONICS TECHNICIAN ENGINEER (Ref DL/ 848) 


to assist in the construction and commissioning of complex detector systems and to take a 
major part in integrating these systems with experimental applications and in their 
subsequent development. 
Applicants should have an honours degree or HNC/HTD (or equivalent qualification) in 
an appropriate discipline. Experience with high resolution, high speed electronics applied 
to multi-wire detectors would be an advantage. A keen interest in research instrumentation 
is essential together with the ability to adapt successfully to a wide range of technologies. 
The appointment will be made within.a salary range of £7,178 to £9,681 per annum 
according to qualifications and experience. 
_ Appointments to each post allow for a non-contributory superannuation scheme 
and generous leave allowance. There is also a flexible working hours scheme in 
operation at the Laboratory. 
CLOSING DATE: 8th April 1984. 
Further information on these posts may be obtained from 
Mr J. 5. Worgan on Warrington (0925) 65000 Ext, 225. 
Application forms may be obtained from and should be 
returned quoting the appropriate reference number to: 


1984. (1422)A The Personnel Officer, Daresbury Laboratory, 
a science & Engineering Research Council, 
Daresbury, Warrington, Cheshire, WA4 4AD. 
The above appointments are open 
to rnale and female applicants, (1446A 


2 UNIVERSITY 
>, OF LONDON 
- AIR OF PHYSICS AT 
ERIAL COLLEGE OF 
“Sc IENCE AND 
‘TECHNOLOGY 
nate invite applications for a 
Physics in the field of Semi- 


IMPERIAL COLLEGE OF 
SCIENCE AND 
TECHNOLOGY 

EARTH SCIENCES 
POST-GRADUATE 


JOHN INNES INSTITUTE | 
TWO YEAR APPOINTMENT | 


SeA : , Higher Scientific Officer required in the Department of Aj 
or Studies at Imperial RESEARCH ASSISTANT Genetics to identify, isolate and characterize DNA sequence co 


f Science and Technology (geologist/geophysicist) for specific pea seed storage proteins. Further particulars may 


obtained from Dr R Casey. l 
Minimum qualifications: First or Upper Second Class h 
degree plus atleast two years relevant post qualifying expérie 
PhD would be preferred. Experience in one or more of the f 7 
is required: DNA cioing techniques, protein biochemistry; pr 
synthesis and serology. aa 


ect from 1 October 1984. required to work with Dr J leggett on 
erson appointed should have | a two year project on the evolution of 
interests in some aspect of | the Makran fore-arc. The candidate 
al semiconductor studies. | should have a good post-graduate 
ill be expected to build up | training and several years experience, 
eam within the Solid State | preferably in the petroleum industry, 
e Department of Physics. | with field experience in Arabia 
ae ‘ copies) must be | and/or the terranes bordering the 
articulars. and experi 





RADAR ENTOMOLOGIST 
- $A23,344 — $A35,806 
DIVISION OF ENTOMOLOGY 
CANBERRA ACT 
AUSTRALIA 


20 conducts scientific and techological research in laboratories 
roughout Australia and employs about 7,500 staff, of whom 
,900 are professional scientists. The Organization's research 
ate grouped into five Institutes: Animal and Food Sciences, 
Resources, Energy and Earth Resources, industrial 
and Physical Sciences. The CSIRO Division of Entomology 
member of the Institute of Biological Resources. 
ERAL: The Division is the main centre of Australia for entomolog- 
search. A smail team is undertaking research on the migration of 
everal insect pests of Australian agriculture. The principal research 
ool isa 3cm radar unit which is being upgraded to incorporate facilities 
or real-time data acquisition and control. 
TIES: To undertake research and development work on the 
ection, analysis and interpretation of radar observations of insect 
yigration: 
QUALIFICATIONS: A PhD degree in physics or electronic engineering. 
erience of the use of radar for biological investigations, of real-time 
fications of computing, and of microwave theory is desirable. 


- Indefinite with Australian Government superannuation 


logica 


APPLICATIONS: Stating fuli personal and professional details, with 
he names of at least two referees and quoting reference No A2087, 
hould be directed to: 

= The Chief 
CSIRO Division of Entomology 
PO Box 1700 
CANBERRA CITY ACT 2601 
AUSTRALIA 


by April 13th, 1984. 


SENIOR EDITOR 


je Scientific and Medical Division of Macmillan Press publishes 
ientific and medical monographs, symposia proceedings and learned 
ournals. It is looking for a senior editor to assist in its growth, He/she 
expected quickly fo assume responsibility for the Division’s book 
mme and work closely with the Publisher to make a positive 
tion to the commissioning and management of the Division's 

c journals list. 


a key appointment and candidates will be expected to 
rate a proven commissioning record. A scientific publishing 
und, in either life sciences or medicine, is essential. 


pointment is based in Basingstoke. 


in strict confidence to: 


Sheilagh Browne 
Personnel Manager 

The Macmillan Press Ltd. 
Houndmills 
Basingstoke, Hants. 


RG2 12XS. (1263)A 


SCIENT | MACMILLAN 
& MEDICA PRESS LTD 


U 


| Applictions are inv 


Lecturer in Physics te 
October 1984..A sound b 

in Solid State Physics is essential and 
the successful candidate will be ex- 
pected to carry out research in the 
semi conductor area or collaborate 
with one of the existing groups 
(described in the further particulars) 
and to take a prominent role in the 
teaching of the physics of electronic 
and optical devices. 


Commencing salary will be within 
the range £7190 — £10250 pa on the 
scale £7190 — £14125 pa Candidates 
with good qualifications but little or 
no postdoctoral experience should 
not be discouraged from applying. 


Further particulars are available 
from the Personnel Office, Univer- 
sity of Exeter, EX4 4QJ to whom 
applications (six copies — overseas 
candidates one copy) giving the 
names of three referees should be sent 
by 9 April 1984 quoting reference no 
3348. (1432)A 


THE UNIVERSITY OF 
MANCHESTER 


RESEARCH ASSISTANT 
IN HISTOPATHOLOGY 


Applications are invited from 
candidates with a good Honours 
degree for this three-year ARC 
funded post in a group investigating 
the ultramicroscopic structure of 
normal and abnormal articular 
cartilage by means of conventional 
and low temperature techniques. 
Previous experience of electron 
microscopy desirable. Initial salary 
£6,310 (£7,630 if aged 27 or over). 
Applications with names and 
addresses of two referees should be 
sent to Professor D.L Gardner, 
Department of Histopathology, 
University Hospital of South 
Manchester, Withington, Manchester 
M208LR. (1412)A 


UNIVERSITY OF 
NOTTINGHAM 
SCHOOL OF AGRICULTURE 
Sutton Bonington, Nr 
Loughborough 


Applications are invited for the 
post of 
TECHNICIAN 
within the Department of Physiology 
and Environmental Science. The suc- 


cessful applicant will be required to 
work with both small and large 


| animals and with radioactive isotopes _ 


used in biological and radioimmuno- 
logical assay of hormones. The 
appointee would be responsible for 
the day to day care of a range of 


analytical instruments and the servic- | 
-| ing of a suite of laboratories. 


Salary in accordance with Grade 3 


| Applications are ir 
suitably qualified pe 
following position whichis 
from I May 1984 to 30-Ju 
SCHOOL OF ENVIRON 
AND LIFE SCIENCE 
_ POSTDOCTORS 
= PHYSIOLOGY 
The appointee will work 
J McComb at Murdoc 
in a joint ACIAR 
Western Australia-Murd 
University research project 
“Flooding Tolerance of Ri 


The project is aimed at. 
gating the mechanisms of fi 
tolerance in rice. The Austra 
group consists at present of sev 
physiologists and people intereste 
plant nutrition. Eee 

The cell biologist will cooper 
with this team using isolated tiss 
(eg leaf slices) calli and cell sus; 
sion cultures: experience with pla 
tissue culture will be a consid 
advantage. Experience in hormo 
physiology. would be particula 
useful since this expertise 1 
complement the existing skills. 


The Australian component off 
project will be carried out in Perth 
both the University of Wes 
Australia and at Murd 
University. The appointee will b 
stationed at Murdoch University. — 


Further information may b 
obtained from Dr J McComb 
Botany Department, University ¢ 
Melbourne, Parkville, Victor 
Australia. E 


General: Salary Range: $A20, 
to $A23,100 per annum. Conditic 
of appointment include paymen 
up to $A3,000 towards costs of takin 
up the appointment in Perth. 


Procedure for applications: I 
is no prescribed application forn 
two complete sets of detailed ap 
cations, quoting reference num 
0350, including full personal p 
culars, details of tertiary qualift 
cations, career history 
description of posts held, ari 
special competence and int 
research completed or cur 
being undertaken, when avail 
take up appointment if offer 
the names and addresses of thr 
fessional referees, should rea 
Personnel Officer, Mu 
University, Murdoch, W: 
Australia 6150, by 17 Apri 
Applicants resident in the. 
Kingdom, Europe or Africe 
time of application shor 


forward one further cop 


Secretary General, Ass 
Commonwealth. Ur 
(Appts), 36 Gordon Squar 
WCIHOPF. (W 


for Technicians £5151 — £6035 per | | 


annum. 






















5 -Public Service Commission Commission de la Fonction _ 
of Canada publique du Canada 




















Research Scientist, 
Animal Studies 


Health and Welfare Canada 
Food and Drug Directorate 
Ottawa, Ontario 


Department of Chemistry 
Graduate Studies 
‘Chemistry: Analytical, Inorganic, 
‘Organic, Physical and Theoretical 
‘Chemistry, and Applied Chem- 
istry in projects dealing with En- 
ergy Conversion, Oil Sands Re- 
covery, Sulphur Chemistry, and 
Synthetic Membrane Technology. 


‘Programs leading to PhD and 

“oo MSc degrees; Excellent labora- 
Sos tory, instrument, and library 

-< facilities; Minimum stipend of ap- 
©. proximately $10,000 p.a. for 
-2°-Teaching and Research Assis- 
<< tantships; Maximum stipend of 
“= approximately $13,000 p.a. for 
= gutstanding students holding 

< c Scholarship combined with part- 
<io time Teaching Assistantships: 
Program fees remitted for full- 
2 otime teaching appointments: 
travel allowance. available. 

For further information and de- 
scriptive brochures write to the 
following, indicating field of 
interest: 


SRT Chairman of Graduate Studies 
-Department of Chemistry 





























We require an experienced neurotoxicologist to initiate 
and conduct research in neuroendocrine toxicology and to 
work cooperatively with other scientists on problems 
concerning the safety of the Canadian food supply. You will 
be expected to participate in multidisciplinary studies 
involving a variety of organ systems with special emphasis 
on those concerned with endocrine function. 

You require graduation with a doctorate degree from a 
recognized university or a lesser degree with evidence of 
research experience and productivity equivalent to that of a 
doctorate degree in biochemistry, biology, chemistry, 
medical science, pharmacology, toxicology or veterinary 
medicine. It is essential that you possess experience in the 
field of neurotoxicity. Knowledge of English is essential. 













































is We offer a salary ranging from $26.834 to $49.913 

The University of Calgary : wade He : pcr er ne a Aer en 

Calgary, Alberta T2N 1N4 commensurate with your qualifications and experience, 
i Galea (NW192)A 


Forward your application form and/or résumé, 
including list of publications and the names of three 
persons for references, quoting reference number 
84-NCRSO-NHW-RES- 1 (4021), to: 
Joan Girling (613) 593-5331 
Public Service Commission of Canada 
Ottawa, Ontario KIA OM7 
Closing date: 6 April 1984 
Tout renseignement est disponible en francais en (NW370)A 
s'adressant å la personne susmentionneée. 


ivi 
The Public Service of Canada is ana d 
an equal opportunity employer ; 








: u: One position is open fora 
POST DOCTORAL FELLOW 
in the Department of Pediatrics, 
A Yaivareity of California, 
ooe o Sanm Diego for a 

-< MOLECULAR BIOLOGIST 

< ONCOGENE METHYLATION 
Candidate must have PhD and ex- 
“perience in all aspects of recom- 
Ubinant.DNA technology, including 
_gene cloning and restriction enzyme 
analysis. Project will be the analysis 
of the effects of methylation on 
“humanoncogene in vivo and in vitro. 
salary commensurate with ex- 
magrience. Persons interested please 
břit a curriculum vitae and three 
“references before April 1, 1984, to: 
‘Dr. Robert M. Hoffman, Depart- 
meñt- of Pediatrics, M-009, 
University of California, San Diego, 
La Jolla, CA 92093 or call (619) 452 
3907 EOE/ AA. (NW374)A 

































AL ASTROPHYSICS 





THEORETIC 


beh han ead OF ep D AT THE 
apteyn Astronomical Institute : 

NIVERSITY OF ARIZONA 
RESEARCH ASTRONOMERS : 


























- The University of Arizona is initiating an interdisciplinary program in 
_ theoretical astrophysics. Participating departments include 
=- Astronomy, Physics and Planetary Sciences. We interpret theoretical 
astrophysics broadly, and areas of interest range from theoretic 
planetary physics to cosmology, including atomic physics, star 
formation, condensed matter, etc. a: 
We anticipate a number of openings for tenure-line faculty positions in 
Theoretical Astrophysics over the next few years. Appointments will b 
in one or more of the participating departments and can be at eith 
senior or junior faculty level, depending on qualifications. Appointee 
will also be members of the Committee on Theoretical Astrophysic 
We invite inquiries and applications from qualified theorist: 
Applicants should send their vita and bibliography, togethe 
with the names of four referees and any other support 
materials to Profesor J.R. Jokipii, Chairman of the Theoreti 
» Astrophysics Steering Committee, Department r 
Sciences, University of Arizona, Tucson, Az., 85 
$ § The University of Arizona is an equal opportunity, fi 
“Lh. employer, — 


Two positions are available, each for 2 years. Commencing date 
flexible; preferably September 1984. The institute's research 
interests lie in extragalactic and interstellar research, both 
-observational and theoretical, and advanced facilities for image 
rocessing and model calculations are available. Observing 
ossibilities exist with first rank instruments both nationally and 
“abroad. The infrared sky survey data obtained with the IRAS 
Satellite are available for comparative work. 
Candidates must be in the possession of a PhD or equivalent degree 
in order to begin these appointments. One of the positions will be 
-given to a candidate with a demonstrated interest in observational 
astronomy and will involve half of the 2-years at the UK-Dutch La 
Palma Observatory as a resident astronomer. 


plicants are requested to send a curriculum vitae, list of 
blications and a summary of current research interests, 
i to. arrange to have 3 letters of reference sent directly to: 
f Allen, chairman Astronomy Department, Postbus 
/ Groningen, The Netherlands, phone 50116695, 
Closing date: 31 March 1984. (W770)A 





































































































ation 





§ PhD would be preferred. 





aeee eeen: 


S CHARING CROSS 
_. HOSPITAL MEDICAL 
ee SCHOOL 
(University of London) 
St Dunstan’s Road, 
London W6 8RP 


DEPARTMENT CF BIGCHEMISTRY 
SENIOR LABORATORY 
TECHNICIAN 


‘Applications are invited for the 
“above post from candidates who have 
had several years’ experience of 
working in a research laboratory. 
‘Responsibilities will also include 
assisting with undergraduate 
“teaching. Salary on scale £7,197 — 
“£9,507 plus £1,042 pa London 
Allowance. 


Intending applicants should write 
in the first instance to Mr David 
Strutt, Senior Chief Technician, at 
“the above address for further partic- 
lars and an application form. 
‘Closing date: Ist May. (1450)A 





a immediate opening for 
abe RESEARCH OFFICER 


‘to assist in project studying role of 
‘nucleo-cytoplasmic interactions In 
the control of cell replication, 
commitment and development. 

xperience of mouse embryo and 

‘all culture, cytogenetics and DNA 

schnology preferred. Preference 

All be given to candidates who have 

proven record for independent 
work, Duties will include mam- 

enance of tissue culture laboratory, 
jevelopment of cell lines from 
fifferentiated mammalian tissue, 
d -micromanipulation of mouse 
lis and embryos. 














range of £6,204 | 
“London Weighting. 


Send CV and relevant papers, 


yr referees to: The 
Secretary, MRC Experimental 
mbtyology & Teratology Unit, 
H forex man ane La cers al 
Surrey, = E, Closin ate 
6.4.84. (1444) 


ofessional 

















JOHN INNES INSTITUTE 
TWO YEAR APPOINTMENT 


Higher Scientific Officer required in the Department of Applied 
Genetics to isolate, clone and characterise particular DNA 
molecules associated with the main mitochondrial genome of fertile 
: and cytoplasmic male sterile forms of sugarbeet. Further particulars 
Ẹ may be obtained from Professor D. R. Davies, Head of the 
Department of Applied Genetics. 

< Minimum qualifications: First of Upper Second Class honours 
degree plus at least two years relevant post qualifying experience. A 


§ This post funded by the FEC is for two years. Salary in the scale 
@ £7,149 — £9,561. Starting salary depending on qualifications and 
Ẹ experience. Non-contributory superannuation, 

§ Applications giving full particulars and experience, the 
E names of two referees and quo 
$ be sent to the Secretary, John Innes Institute, Colney Lane, 
E Norwich NR47UH, not later than 30 March 1984. 


ting reference AG/ 156 should 


together. with the names of two] 

































(1443)A 








UNIVERSITY OF BATH 


SCHOOL, OF BIOLOGICAL 
SCIENCES 
RESEARCH OFFICER 
required to investigate the 
application of monoclonal 
antibodies as probes in the study of 
microbial lipases and-~ their 
involvement in food spoilage. 
Applicants for this project, funded 
by MAFF, should be graduates in 
microbiology or biochemistry, 
preferably with either postdoctoral 
or equivalent experience in mono- 

clonal antibody techniques. 


The appointment will be for two 
years. 


Salary up to £8,530 pa according to 
qualifications and experience. 


Application forms and further 
particulars from the Personnel 
Officer, University of Bath, Bath 
BA2 7AY, quoting ref no 84/34. 
Closing date: 30.3.84. (l447)A 


KINGSTON POLYTECHNIC 
FACULTY OF SCIENCE 
RESEARCH ASSISTANT 


Applications are invited from 
suitably qualified candidates to 
undertake investigation of the 
thermal degredation of polyesters. 
The study will include polymer 
synthesis, thermogravimetry and the 
use of capillary gas liquid chroma- 
tography/mass spectrometry in the 
analysis of the volatile degredation 
products. The project will be under 
the supervision of Dr G A Skinner 
and Mr P J Haines. 


Candidates should have, or expect 
to obtain this year, a good honours 
degree in chemistry. The successful 
applicant will be expected to register 
for a higher degree. Salary range 
£5,592 — £6,294 inclusive of London 
allowance. 


Details and application forms (Lo 
be returned by 6th April) from 
Academic Registry, Dept AO, 
Kingston Polytechnic, Penrhyn 
Tel: 
ABA 


Road, Kingston upon Thames. 


01-549 1366ext S18. 





REVISED SALARY 
STAFF RESEARCH 
ASSOCIATE II 
Position available as research 
technician to join a group studying 
expression of genes at the RNA and 
protein level in human cells and 
tissues. The salary offered is 
$2,042/mo, The minimum require- 
ments are graduation from college 
with a major ina related field, plus 3 
years of experience in the kind of 
work to be performed; or an equiva- 
lent combination of education and 

experience. 


Candidate will be involved in 
DNA, RNA and protein characteri- 
zation and should have considerable 
background in tissue culture; nucleic 
acid isolation, blotting and hybrid- 
ization techniques; protein analysis 
using liquid phase immunoprecipi- 
tation and Western blotting; 
immunologic techniques, including 
hapten-carrier coupling, animal 
immunization and ELISA assay of 
sera, 


Send resume and names of three 
references to Dr Dennis Slamon, 
Department of Medicine, Division of 
Hematology-Oncology, Factor Bldg, 
room [}-IS1, UCLA School of 
Medicine, Los Angeles, California 
90024. (NW 348j)A 


ptr ae ne 
SOUTHAMPTON and South West 


Hampshire Health Authority. 
Applications are invited for 
Graduate Biochemists or Pharma- 
cologists or those qualifying in 1984 
for a research post in the Depart- 
ments of Medicine and Clinical 
Pharmacology to carry out an 
investigation into the role of 
prostaglandins and related 
substances in peptic ulcer disease. 
The appointment will be initially for 
one year with the likelihood of 
extension for the second. The salary 
will be according to Whitley Council 
Professional & Technical A and will 
be paid on Basic Probationer Scale. 
Applications in writing should 
include curriculum vitae and names 
and addresses of two referees to 
District Personne! Department, 
Tremona Court, 30-32 Tremona 
Road, Southampton SOI 6HT. 
Further information obtained by 
writing to Dr K Hillier or by 
telephone 0703 559122 extension 
8264. Closing date 26 April 1984. 
L456)A 
UNIVERSITY OF LONDON 
INSTITUTE OF 
PSYCHIATRY 
POST-DOCTORAL 
RESEARCH ASSISTANT 

A post-doctoral research assistant is 
required for a three-year MRC fund- 
ed project to study the focal site of 
action of anticonvulsant drugs. 
Experience in stereotaxic work is 
desirable. 

Salary on Research 1A scale in the 
range £7190 — £8530 pa plus £1186 
pa London Allowance according to 
age and experience. 


For further information contact 
Dr B Meldrum (01-703 5411 Ext 73). 








































NATURE VOL.308 15 MARCH: 


MEDICAL RESEARCH . 
COUNCIL | 
NATIONAL INSTITUTE 
R : 


FO 
MEDICAL RESEARCH 


DIVISION OF | 
DEVELOPMENTAL BIOLOG 
Applications are invited for a 
postdoctoral position in th 
Division of Development 
Biology. The vacancy is for: 
development Biologist to collal 
orate with Dr Dennis Summerbe 
in his work on limb developmen 
Experience in experimental 
embryology or production. of 
monoclonal antibodies or bio- 
chemical techniques is preferred. 





















The appointment will be forc} 
three years and the salary will be 4. 
in the range £8530 — £10250 per |. 
annum, plus £1186 London alow- | 
ance, with superannuation. | 
provision. 


Applications including ay 
curriculum vitae and the names of |: 
two referees should be sent to the F 
Director, National Institute for 
Medical Research, Mill | 









April 1984, quoting ref: DB/2/S. 
GADA 








UNIVERSITY OF 
NOTTINGHAM 


GRADE 3 TECHNICIAN 


Applications, from males or females; 
are invited for the above post in the 
Department of Genetics, Work 
involves Teaching Laboratory duties 
and assisting with research on the 
Biochemistry and Molecular Biology 
of Enzymes and DNA. a 


Minimum qualifications ONC or 
equivalent. Experience in Molecular 
Biological and Biochemical tech- 
niques would be an advantage. 


Current salary scale £5,151 io 
£6,035 per annum for a 5 day, 3] 
hour, working week. A 





Apply in writing with ful cur- 
riculum vitae to: Mrs L Taylor, 
Laboratory Steward, Department of 
Genetics, University of Nottingham, 
University Park, Nottingham. p 


Closing date: 2nd April 1984. > 
UDA 
P 
OXFORD UNIVERSITY | 
METABCLIC RESEACH | 
LABGRATGRY 
POSTDOCTORAL >- 
RESEARCH ASSISTANT. 
post available to work on aspects € 
the hormonal regulation of met 
bolism in the lactating rat, for 
period of 3 years. a 


Applicants with an interest in lipi 
metabolism and/or protein synthes 
preferred. Starting salary on th 
University 1A scale, £7,190 - 
£11,615. The post is available 
years. 






Applications with cv and 't 
names of two referees by {Sth Api 








For application form send stamped 
addressed envelope to the Assistant 
Secretary, Institute of Psychiatry, De 
Crespigny Park, Denmark Hill, 
London SES 8AF quoting. Ref 
BM/N, ‘Closing date for applica- 
tions: 3.1 March 198 (T426)A.- 


| Road, Oxford OX2 6HI 
‘whom further information 































= DEPARTMENT OF 
OTORHINOLARYNGOLOGY 
i ations are invited from 
s, preferably holding an 
ate university degree or 
Jivalent qualifications, having 
xperience and training in one or 
ore of the following: Histo- 
thology, electronmicroscopy, 
tochemistry, neurophysiology. 
he Department is engaged” in 
esearch into various aspects of 
torhinolaryngology. A knowledge 
: the anatomy, physiology and 
chemistry of these regions would 
advantage. 
e/she may be required to assist in 
‘teaching of undergraduate and 
postgraduate students. The 
esearch officer may be given the 
4 Opportunity to study for a higher 
Š  gegree ; 
| Salary scale: £7,191 — £11,616 per 
J annum, with superannuation under 
| USS, initial placing dependent on 
| age, qualifications and experience. 
Further particulars may be obtained 
from the Personnel Officer, The 
4 Queen's ey of Belfast BT7 
(INN, Northern ireland. Closing 
Aate: 6 April 1984. (Please Ve 
Ref. 84/ N). (1445)A 































UNIVERSITY OF 
LIVERPOOL 


DEPARTMENT OF MEDICAL 
MICROBIOLOGY 
TECHNICIAN GRADE 3 


“for three years on an MRC funded 
‘research project on herpes virus 
“jatency. 


Minimum qualification is ONC, 
“Intermediate TEC or equivalent in 
Microbiology or a related discipline 
_plusthree years experience. The post 
may be particularly suited to 
graduates in Microbiology or a 
‘related discipline. 

> Further information from 
Professor McCarthy on 051 709 0141 
-Extr 2875. 

yy Initial salary £5151 per annum. 





_ Application forms may be 
obtained from the Registrar, The 
University, PO Box 147, Liverpool 
L69 3BX. Quote Ref: RV/242/N. 
(1415)A 





“UNIVERSITY OF BRISTOL 
=. HH WILLS PHYSICS 

i LABORATORY 
<=. POST-DOCTORAL 
n- RESEARCH ASSISTANT 
to- work on Synchrotron X-ray 
diffraction studies of crystal 
imperfections. The position involves 
collaboration among Professor A R 
Eang (University of Bristol), Dr 
M Moore (Royal Holloway College, 
University of London) and the SERC 
Daresbury Laboratory. The research 
embraces a range of studies in 
diffraction physics and applications 
of X-ray topographic techniques. An 
interest in diffraction theory and 
computer simulation of images is 
desirable, The post is available from 
ril Ist 1984 for a period up to 3 
rs. Salary on 1A scale according to 
age and. experience. 






















.pplications including CV and 
ies of two referees should be sent 
A R Lang, FRS, H H 
s Laboratory, Royal 
| venue, Bristol 


fessor 


YS 






























Equal employment opportunity is 





THE WEIZMANN INSTITUTE 
OF SCIENCE | 
REHOVOT, ISRAEL 


RESEARCH POSITION IN 
APPLIED ENZYMOLOGY 


Applications are invited from post- 
doctoral scientists with experience 
in enzymology and chemistry. 


The position is available immedia- 
tely and is tenable for three years 
with possibilities for extension or 
for tenure-track appointment. 

The studies concern enzymic red- 
Ox systems and involve work at the 
level of whole microorganisms as 
weil as isolated enzymes. 
Applications together with a 
curriculum vitae, details of past 
experience and the names of two 
professional references should be 
sent to: Dr. Z. Bohak, Department 
of Biophysics, Weizmann Institute 
of Science, PO Box 26, Rehovot, 
76100, Israel, INW376)A 












UNIVERSITY OF ALABAMA 
SCHOOL OF MEDICINE 
DIRECTOR, 
NEUROSCIENCES 
PROGRAM 
Applications are being accepted for 
the position of Director, Neuro- 
sciences Program, University of 
Alabama School of Medicine, 
University of Alabama in 
Birmingham. The Director coordin- 
ates the research activities of about 30 
scientists, who also participate in the 
teaching and patient care activities of 
the medical school. The Director 
should be an active scientist with a 
background of accomplishments in 

the area of neurosciences. 


Please submit applications or 
nominations and curriculum vitae to: 
Antonietta D Hyche, Administrative 
Officer, University of Alabama 
School of Medicine, Medical 
Education Building, Room 306, 
Birmingham, Alabama 35294. 


An equal opportunity /atfirmative 
action employer. (NW361)A 





UNIVERSITY OF SYDNEY 


RESEARCH 
ASSOSIATESHIP IN 
SCHOOL OF PHYSICS 
(ASTRONOMY) 
Postdoctoral physicist or electrical 
engineer with solid-state detector 
array experience required to partic- 
ipate in the stellar interferometer 
programme and in particular the 
development of a multi-channel 

photon counting system. 


Salary range: $A20,164-$A23,100 
per annum. 


This is an ARGS-funded position 
in the Chatterton Astronomy Depart- 
ment and is an appointment for up to 
{wo years in the first instance, 


Applications, including curric- 
ulum vitae and names of 2 referees, 
to the Registrar, University of 
Sydney, NSW 2006, Australia, by 30 
April 1984, from whom further 
information is available. 








el “(W824)P. 


















CSIRO 
CHEMICAL OCEANOGRAPHER 


$A31,092 — $A42,210 : 


DIVISION OF OCEANOGRAPHY 
MARINE LABORATORIES 
HOBART TAS 
AUSTRALIA 


CSIRO conducts scientific and techological research in labor 

located throughout Australia and employs about 7,500 staff, of 
some 2,900 are professional scientists. The Organization's. re 
activities are grouped into five Institutes: Animal and Food Sci 
Biological Resources, Energy and Earth Resources, Industri 
Technology and Physical Sciences. The CSIRO Division of Ocean: 
ography is a member of the Institute of Physical Sciences. fee 














Austalia’s principal marine research institution, employing over 200 
scientists and support staff investigating the physical, chemical and 
biological features, including fisheries, of the oceans around Austra 


Senter 
af 


Two well equipped chartered vessels (53m and 43m) are used for 
research and a modern oceanographic ship is being built to replace the 
43m vessel. The Marine Laboratories have a VAX 11/750 computer, 
while on-line access to a Cyber 76 computer is available. E 


New laboratories are nearing completion in Hobart. 


DUTIES: The appointee will lead a small group concerned withthe E 
measurement of nutrient and other chemical data from Australian o 
regional seas and open waters and their analysis and interpretation in E- 
the context of the dynamics of the water, sources and sinks, transfer, § 
biological consumption and conversion. A suitable appointee may be $- 
invited to assume overall responsibility for the Division’s Ocean S 
Characterization program which includes Trace Metals, Organic § 
Chemistry, Nutrient Dynamics and Ocean Monitoring sub- E 
programmes. E 


QUALIFICATIONS: A PhD degree or equivalent qualifications with a 
extensive experience and substantial original research achievement in EO 
the field of chemical oceanography. Preference will be given toan E 
applicant who has demonstrated interest and expertise in the @ 
development of descriptions and dynamical models of chemical status E 
of open water features through the combination of both physicaland E 
chemical measurement. oS 


TENURE: This is an indefinite appointment with Australian — - 
Government superannuation benefits available. a 


APPLICATIONS: Stating full personal and professional details, with E 
the names of at least two referees and quoting reference No A5861. E 
should be directed to: ee 
The Chief 
CSIRO Division of Oceanography 
PO Box 1538 
HOBART TAS 7001 
AUSTRALIA 


by April 16th, 1984. 













UNIVERSITY OF ABERDEEN z 
REGIUS CHAIR OF MEDICINE — 


The Secretary of State for Scotland invites applications for- 
Regius Chair of Medicine in the University of Aberdeen which fali 
vacant on 1 April 1985. It is expected that in addition to hig! 
professional standing and excellence in research, the new Regius: 
Professor should have the capacity and the motivation for a röle 
leadership in the Department of Medicine, in the Faculty -0 
Medicine and in the University as a whole. = 


A note of the Conditions of Appointment and Further Particular 
may be obtained from: ao 


The Secretary, 
Scottish Education Department, 
Room 3/ 114, 
New St Andrew's House, 
EDINBURGH EH1 3SY. ye 
Five copies of applications, accompanied by the names 
AGa referees, should be sent to the above address b 
1984. 























































































E from the Honorary Secretary, 
|. Anatomy, Stopford Building, 
Road, Manchester 








STUDENTSHIPS 


| ANATOMICAL SOCIETY OF GREAT BRITAIN AND IRELAND 
Í ANATOMICAL SOCIETY GRADUATE 
STUDENTSHIPS 


§ Applications are invited for two Studentships tenable in the Anatomical 
if Sciences for a period up to three ye 
$ work for a higher degree by researc 
Ẹ British or Irish Universities and must have arranged sponsorship with a 
§ Department of Anatomical Sciences in the UK or Ireland. The stipend 
§ will be commensurate with basic Research Council rates. 


ANATOMICAL SOCIETY SENIOR 
VISITING FELLOWSHIP 


Applications from Overseas Scientists are invited for one Fellowship 
E tenable for a perido of less than a year in a Department of Anatomical 
E Sciences in the UK or Ireland. Applicants should be of post-doctoral or 
comparable status and must hav 
Department in which they intend to work. Some assistance towards 
Al travel and subsistence will be provided. 

further particulars of the Appointments should be obtained 
Prof. J. A. Gosling, Department of 
University of Manchester, Oxford 


ars. Nominees would be expected tù 
h. Candidates must be graduates of 


a M13 9PT, to whom applications should be 
-E sent by June 30th 1984. Applications for Studentships must be 
E accompanied by sealed letters of support from two referees. 























e arranged sponsorship in the 


(1307)F 












Please mention 


nature 


when replying to 
these advertisements 












<| Medical Research Council 

ae MRC Experimental 
Embryology and 
Teratology Unit 


STUDENTSHIP 


Applications are invited for an 
MRC postgraduate studentship 
which it is hoped will be available 
for commencement in October 
1984 and will be tenable for 3 
| years leading to a PhD degree of 
_ | the University of London. 
|The preferred research area will 
1 be intermediary metabolism in the 
lemammalian organogenesis- 
jephase embryo and the 
< | modulation of these pathways by 
“chemical teratogens. 
Candidates should possess or 
“expect to obtain a first or upper 
econd class honours degree in 
jochemistry, developmental or 
molecular biology or other related 
areas. 
curriculum vitae with names 
nd addresses of two referees 
“should be sent to The 
“Secretary, MRC Experimental 
“Embryology and Teratology 
Unit, MRC Laboratories, 
Woodmansterne Road, 


Carshalton, Surrey SM5 4EF 
by 20th April 1984. (1462)F 





| 


| 


KING’S COLLEGE, LONDON 
University of London 
DEPARTMENT OF BIOCHEMISTRY 
SERC-CASE RESEARCH 
STUDENTSHIP 


Applications are invited for an 
SERC-CASE studentship in collab- 
oration with ICI Corporate Bio- 
science Group, Runcorn. The project 
involves a study of comparative 
aspects of protein turnover in E coli 
and the obligate mthylotroph, 
Methylophilus methylotrophus, in 
particular the influence of proteolysis 
on the yield of cloned mammalian 
gene products. Applicants should 
have, or expect to obtain, a first or 
upper second class honours degree in 
biochemistry, microbiology or 
genetics. 


Applications, including a CV and 
the names of two referees should be 
sent to Dr A R Hipkiss, Department 
of Biochemistry, King’s College 
London, Strand, London WC2R 
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DURHAM UNIVERSITY 


Z , 





DEPARTMENT OF BOTANY 


SERC BIOTECHNOLOGY 
RESEARCH STUDENTSHIP 


Applications are invited from 
students graduating in a biological 
science with a first or 2.1 for a project 
commencing October 1984, under the 
supervision of Dr. C.H. Shaw invol- 
ving the manipulation of Agro- 
bacterium tumefaciens Ti-plasmids. 


Applications including curriculum 
vitae and names of three referees 
should be sent to Dr. C.H. Shaw, 
Department of Botany, Science 
Laboratories, South Road, Durham, 
DH1 3LE, from whom further 
particulars may be obtained. 

(1 





FELLOWSHIPS 





UNIVERSITY 
OF MANITOBA 
DEPARTMENT CF 
MICROBIOLOGY 
Applications are invited for an 
NSERC UNIVERSITY 
RESEARCH FELLOWSHIP 


Applicants should hoid a doctoral 
degree and have post-doctoral 
experience with demonstrated 
research ability in microbiology. The 
Department is well equipped for 
research in various fields of micro- 
biology, molecular biology and bio- 
chemistry. Outstanding applicants in 
any field are welcome, ‘but those 
interested in research using 
prokaryotic organisms are especially 
encouraged to apply. The position 
will involve some teaching responsi- 
bilities. Salary will be equivalent to 
the Assistant Professor level, 
(1984-85 base $27,101). 


A detailed curriculum vitae, brief 
statement of research interests and 
objectives, the names of at least two 
referees, and reprints, should be 
received by May 15, 1984 by Dr | 
Suzuki, Head, Department of Micro- 
biology, The University of 
Manitoba, Winnipeg, Manitoba, 
Canada R3T 2N2. The successful 
applicant will be nominated for the 
November 1984 NSERC competi- 
tion. In accordance with NSERC 





| 








tenable for 3 years from Oct 


uptake of heavy 3 
cryptogamic plants and their effect 


have at least an Upper Second Cla 
honours degree by July 1984. 


from Dr D H Brown (telephone 0272 - 
24161 ext 331). a 


NATURE VOL. 308 I5. MARCH 
UNIVERSITY OF BRISTOL 
DEPARTMENT GE BOTANY © 

Applications are invited for an. 

SERC SUPPORTED PhD 

STUDENTSHIP 


1984, to work on the intraceliyg 
metals J 


Additional details can be obtainec 


Applications, together with the- 


names of 2 referees should be sent to 
Dr D H Brown, Department of: 
Botany, The University, Bristol. 
BS8 IUG. 


(1428)F 





UNIVERSITY OF DUNDEE | 
DEPARTMENT OF BIOCHEMISTRY. 


TEACHING FELLOW IN 
BIOCHEMISTRY 


Applications are invited for a two- 
year Teaching Fellowship in ‘Uy 
Department of Biochemistry 
commencing not later than 14 
October, 1984. The Fellow wou” 
participate in the teaching @ 
Biochemistry at Undergraduate lever, 










| and could additionally take a speci al 


interest and responsibility for one of 
more of the following projects: 
updating and restructuring of audio- 
tutorial packages in early year 
teaching of medical, dental or science 
students; computer aided teaching, 
particularly in relation to data 
handling; interation with other staff 
in the identification of course 
objectives and assessment methods in 
specialist subject areas. The 
successful applicant should possess.a 
higher degree in Biochemistry or a 
related subject, or alternatively have 
an honours degree in Science with 
postgraduate teaching experience. — 


Salary within the range £6,340: 
£9,875 but dependent -4 
qualifications and experience, 


Applications containing full career 
details and the names of 2 referee: 
and quoting reference EST/7/84, 
should be submitted by 16th April 
1984, to the Personnel Officer 
Dundee University, Dundee DD 
4HN, from whom further particular 
can be obtained. Informal enquirie 






regulations, applicants must be | may also be made to Professor P ] 

Canadian citizens or permanent Garland at the Biochemistry Depart 

residentsof Canada. (NW373)E ment. (416)E 
EMBO 


EUROPEAN MOLECULAR BIOLOGY ORGANIZATION 


SHORT TERM FELLOWSHIPS 
in molecular biology 


The European Molecular Biology Organisation awards, to scientists. 
working in Europe and Israel in the field of molecular biology and allied = 
disciplines, short term fellowships of one week up to three months — 
duration. The fellowships are to support collaborative research | 
between laboratories in different countries and provide a travel grant $ 
and subsistence allowance. Applications may be made at any time Te 
are decided upon soon after the receipt of application. = 
Applications for exchanges between laboratories within any one 
country cannot be considered. Fellowships involving transatian 
travel are awarded only in extremely exceptional circumstances. a 


_ Organization, 63 Heidel! 


elberg 1. Postfach 1022.40, F.R. G. {W 


Application forms and further details may be obtained from: 
J. Tooze, Executive Secretary, 


European Molecular Biolo 






























RESEARCH FELLOWSHIPS 


~ IN COMMEMORATION OF ALFRED 
~ NOBEL 

“To mark the 150th Anniversary of the birth of Alfred Nobel, 
ICI PLC have endowed a pair of Exchange Post Doctoral 


«Fellowships in any branch of Chemistry or any closely related 
~ Subject such as Biochemistry and Chemical Engineering. 






| The Fellowships are open to scientists under the age of 35 

_ who have completed or soon expect to complete their PhD or 
equivalent qualification. They will be for a maximum of 2 
years and will start in the autumn 1984. Each will carry a 

__ Salary of 100,000 Swedish Crowns (£8,550) per annum, plus 
-<an allowance for travel, the revenue costs of the host 

_. department, and will be tax free. ° 














One of the Fellowships will be at the University of Stockholm 
§ and will be open to anyone normally resident in the UK now 
/ working at any UK University or Polytechnic. The other will 
be held at any UK University or Polytechnic and will be open 
/ to anyone normally resident in Sweden who is presently a 

<= member of the University of Stockholm. 








_ Applications should be sent to Dr Bernard Langley, ICI 
Academic Relations Adviser, PO Box 11, The Heath. 

_. Runcorn, Cheshire WA7 4QE, by 15 April 1984. They 

_. should include an outline of the work proposed, a 
Statement that the applicant will be accepted by the 
host department, a CV and publication list, and the 

_ Names and addresses of two referees. (1460)E 














~ FRIEDRICH MIESCHER-INSTITUT 
POST-DOCTORAL RESEARCH FELLOWSHIP 
|. Applications are invited from candidates with expertise in the 
biochemistry or molecular biology of PLANT HORMONES and their 
-receptors to join a group active in somatic cell genetics using 
protoplasts. 

Please send a curriculum vitae and the names of two referees 
to Dr. P. J, King, Friedrich Miescher-Institut, PO Box 2543, 
CH-4002 Basel, Switzerland. {(W817)E 





















-ISTITUTO NAZIONALE DI FISICA NUCLEARE 
S I.N.F.N. 


Laboratori Nazionali di Legnaro 
-TWO POSTDOCTORAL FELLOWSHIPS 
-IN EXPERIMENTAL NUCLEAR 
STRUCTURE PHYSICS 


-Applications are invited for the above posts which are now vacant 
‘and are funded by INFN forthe period 1 October 1984-30 September 
1985. The successful candidates will be expected to initiate and 
assist with research at the 16 MV Tandem Van de Graaff accelerator 
“of the Legnaro Laboratories. 












Applicants are expected to hold a PhD degree in Nuclear Structure 
Physics and should have an aptitude for pursuing research in 
experimental physics. 







The gross salary will be 1,500,000 Italian lire per month for tweive 
months. 


ications with full cv and names of two referees and 
bly one introduction letter from a senior scientist to: 
Cosimo Signorini, Director of the National Laboratories 
gnaro, Via Romea, 4 — 35020 LEGNARO (Padua) Italy. 













IMPERIAL CANCER RESEARCH FUNI 
Research Fellowships 


Post-doctoral Fellowships are available in the Fund’s laboratories for 
number of research projects. a 
The awards will be tenable for three years on salary range £8,530 to 
£10,710 plus £1,250 London Weighting, depending on qualification: 
and experience. Appointments are available in the following fields: < 
Ni. The role of papillomaviruses in human tumours (Dr LV 
Crawford) | tte 
N2. Development of a new series of anti-tumour agents based» 
prodrug concepts (Dr A.M. Creighton) sch se ea 
N3. Mammalian DNA sequences that enhance and regulate gene 
expression (Dr A.M. Fried) er: 
N4. The role of cellular oncogenes in cancer metastasis (Dri. Ha 
NS. Studies of the development and mechanisms of drug resistan 
in human tumour cells (Dr B. Hill) EA 
N6. Analysis of drug-radiation interactions in human tumour cells in. 
vitro (Dr B. Hill) a 
N7. Molecular genetic analysis of embryonic pattern in Drosophila 
(Dr. D. Ish-Horowicz) Rare 






































N8. Molecular biology of intermediate filaments (Dr B. Lane) C045 
N9. Investigation of region specific markers in early embryos {Dr J. 
Slack) fae aie 
N10. Molecular genetic approaches to chromosome changes in solid — 
tumours (Dr E. Solomon} cheng 
N11. Molecular defects in inherited human connective tissue © 
disorders (Dr E. Solomon) SRT 
N12. Anti-cancer effects of immunotoxins (Dr P, Thorpe) See 
N13. Analysis of the control of RNA processing using Xenopus 
oocytes (Dr J.G. Williams) CS 
N14. The anti-tumour activity of interferons in in vivo and in vito 1 
model systems (Dr F, Balkwill) Pa E 
N15. Structure and function of the lymphocyte surface membrane pe 
(Dr M. Crumpton) ee ee 
N16. Analysis of oncogene expression in tissue sections using nucleic. | s 
acid probes (Professor P. Isaacson and Dr W.F. Bodmer) pee 

































N17. Computer image processing techniques particularly for 2D gel a 
analysis {Dr P.J. Vitek} ee 
N18. Geriatric control of growth and differentiation in human colonic 


epithelium (Dr W.F. Bodmer} 


Further details are available from The Personnel Officer, ae 
imperial Cancer Research Fund, Lincoln's Inn Fields, London p 
WC2. Tel: 01-242 0200 ext 305, quoting reference N52/ 84. Please uj] 
give reference number of the project(s) which are of interest. 
Applications which should be accompanied by the names and > 


addresses of three referees should be received by 20th April 1984. . 
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annum). The Fellowship is tenable — 
for one year but may be renewed 
from year 10 year. 


THE UNIVERSITY 
OF SYDNEY 


PROFESSOR HARRY 
MESSEL RESEARCH 


The University reserves the right: 









FELLOWSHIP IN PHYSICS 


Applications are invited for the 
above postdoctoral fellowship for 
research in Physics at the University 
of Sydney. 


The annual stipend shall be within 
the range for University of Sydney 
Postdoctoral Research Fellowships 
(currently $420,164 to $A22,513 per 


biology. 


Regulation (BAT Ha). 





ZMBH 
Zentrum für Molekulare Biologie 
University of Heidelberg, W-Germany 


POSTDOCTORAL FELLOWSHIP IN 
MOLECULAR NEUROBIOLOGY 


Applications are invited for a postdoctoral fellowship to work on.th 
molecular cloning and expression of neuroreceptors in the vertebra 
central nervous system using recombinant DNA techniqu 
Preference will be given to applicants with a background in molec 


Appointments will be for two years initially. Salary according to Feder 


Applications including a curriculum vitae, statement 
research interests, and the names of two references shoulc 
-sent to: Or H. Betz, ZMBH, Zentrum fir Molekulare Biolog 

te n eld 364, 6900 Heidelberg, FRG. 


not to proceed with this appointment 
for financial or other reasons, a 


Application forms and further 
information may be obtained from 
the Registrar (Scholarships Section), 
University of Sydney, NSW: 2006 
Australia, with whom application 










close on 30 April 1984. 


Equal employment opportunity i 
University policy. (W826)F 
























































UWAIT FOUNDATION FOR THE 
ADVANCEMENT OF SCIENCES 







THE PR. ACTICE OF INNC 





(KFAS) 


INVITATION OF NOMINATIONS 
| FOR 
KUWAIT ANNUAL PRIZES 


The Kuwait prizes were institutionalized to recognize 
distinguished accomplishments in the arts, 
-humanities and sciences. 

















































oe The prizes are awarded annually in the following 
_ categories: 


A. Basic Sciences 
<B. Applied Sciences 

¿$ C. Economics and Social Sciences 

D. Arts and Letters 

-E Arabic and Islamic Culture. 


: -The prizes for 1984 will be awarded in the following 
fields: 


A. Marine Biology 
B. Water Resources Development 
C. Agriculture and Economic Development in 
the Arab World 
D. Folklore 


ce _E, Navigation in Arab Heritage How can scientists with bright ideas contribute to the 


prosperity of British industry? And how, in the 

process, can they ensure prosperity for themselves and 
their families? = 
These are the twin themes of a residential seminar tobe | 
held by Nature at Stratford-upon-Avon on Tuesday and | 
Wednesday, 19 and 20 June 1984. be 


The objective is to provide working scientists and the 

institutions in which they work with practical help in 

arranging for the commercial exploitation of innovations. = 
For this reason. the list of top-level speakers will include. J i 
people who have successfully launched tec hnical enterprises | 
in recent vears and who will discuss the practical problems a 
they have encountered and overcome, as we Il as md 
represe Gee pee sand other institutions able to | 
provide financial backing for innov ations, 


| 
| 
The programme will include ample opportunity for 
| 


Background 
T, Two prizes are awarded in each field: a prize to 
recognize the output of a distinguished Kuwaiti 
and a prize to recognize the output of a 
distinguished arab. 
Nominations for these prizes are accepted from 
academic and scientific centres, learned societies, 
-past recipients of the prizes, and peers of the 
nominees. No nominations are accepted from 
_. political entities. 
3. The output submitted must have been published 

į —— during the last ten years. 
| 4. Each prize consists of a cash sum of KD 10, 000/ - 
{US dollars 35,000), a gold medal, and a 
|_|. certificate of recognition. 
| 5. Nominators must clearly state what distinguished 

oo WOK qualifies their candidate for consideration. 
6. The results of KFAS findings regarding the 
selection of winners are final. 
7. The papers submitted for nominations will not be 
“returned regardless of the outcome. 
. Each winner is expected to deliver a lecture 
concerning. the contribution for which he was 
perpen tie ules: 










































questions and discussion, and deal with these questions, 

among others: 

@ How to recognise an exploitable idea. 

@ Partnership or independence? 

@ Problems with patents. 

@ The business of small business. 

@ How government can help. 

So that discussions can be open and informal, the seminar 
will be pr wate participation will be limited to 100. 
The seminar will include two nights spent in comfort at thi 
4-star luxury Moat House Hote | situated beside the river 
Avon. All meals, accommodation and a dinner rece puton y wi 
be part ofan all- inclusive charge of £ 390 plus V; AT. 
All enquiries and requests for application forms should be 
made to the: 

Conference Administrator. 


19/ ALY RE. 


















N minations, inclu iding complete curriculum vitae 
nd updated lists of publications by the candidates 
four copies of each paper published, should be 
ddressed before October 31, 1984 to: 


_ Director General 
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A EUROPEAN 
SYMBOL 













ENGLISH. 


ATHENS (01) 6438366 
BRUSSELS (02) 4784890 


GENEVA (022) 227902 
GOTEBORG (031) 601891 


ASSISTANTSHIPS 


4g Southampton 
h THE 
UNIVERSITY 








dy enzyme activities in 
. to sugar loading and un- 
in the phloem, 


ions should have, 
to obtain, a good honours 
ein the biological sciences 
May wish to dete for a 
ee ree. Salary will be within 
ange £6,310 — £8,530 














ANA Pree panera veN ry 


FOR ONCOLOGY. 


The European School of Oncology offers 
postgraduate specialization courses 
covering most aspects of Clinical Oncology. 
Open to Doctors already experienced in 
Oncology, the courses are disease- 
orientated and supported with printed and 
video teaching material. 

Lectures given by highly qualified and carefully 
selected specialists from the foremost Cancer Centres, 
Universities & Medical institutions throughout Europe. 


è THE OFFICIAL LANGUAGE IS 


@ SUBSCRIPTION: 


è FOR INFORMATION CALL: 
AMSTERDAM (020) 5482162 LISBON (01) 722737 


ERLANGEN (09131) 853296 


SECRETARIAT 
E.S.O. European School of Oncology 
Via Venezian, 1 - 20133 MILANO 
Tel. 02/294662/2364279 - Telex 333290 TUMIST | 


erred tr Ht 



















$350 


LONDON (01) 4055612 
MADRID (01) 7290000 ext.1279 
PARIS (01) 5594431 

WARSAW (022) 229599 

WIEN (0222) 4297829 


- Italy 
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“CONFERENCES | and COURSES 


ermmm maith bh Hah A KIRN RAL nananana ear aera tem merrier nAn e tie raters eran event eC NTN 


PITIT 
ED WEA 
TEP UET PRESENTS.. 


MD european COURSES IN 1984 


è 19Ih-24th March, 1984 
PAEDIATRIC ONCOLOGY 


Chairman: P.A. Voûte (Amsterdam) 



































4 @ 24th-29th Aprl, 1984 
è 2ist-26th May, 1984 
è 4th-9th June, 1984 


@ 18th-23rd June, 1984 
BREAST CANCER 


5 Chairman: |. Burn (London) 
; è 2nd-7th July, 1984 


Chairman: Wolff (Paris) 
je 3rd-6th October, 1984 


THE EUROPEAN 
SCHOOL OF ONCOLOGY 


MEDICAL ONCOLOGY = 
Chairmen: H.M. Pinedo (Amsterdam) - C. Schmidt (Essen) | 


BONE AND SOFT TISSUE SARCOMAS 


Chairman: E. Van der Schueren (Louvain) 


MALIGNANT LYMPHOMAS 
Chairman: M. Peckham (London) 





GYNAECOLOGICAL TUMOURS 


PAIN TREATMENT IN ONCOLOGY 
Chairman: V. Ventatridda (Milan) 


è ALL COURSES ARE HELD AT 
POMERIO CASTLE, NR. COMO, ITALY. 








UNIVERSITY 
OF NOTTINGHAM 


SCHOOL OF AGRICULTURE | 


SUTTON 


POST-DOCTORAL 
RESEARCH ASSISTANT 


Applications are invited for a three- 


year AFRC funded post-doctoral 
research assistantship to work on the 
physiology and epidemiology of 
Ascochyta fabae infection of Vicia 
faba. 


The successful applicant should 
have completed a PhD before taking 
up the appointment; after Ist 
October, 1984. Relevant experience 
in environmental monitoring and 
data logging would be advantageous. 
The salary will be on the range 1B, 
currently from £7,190 — £11,615 pa. 


Further details from Dr S Rossall,. 
Plant Physiology Section, School of 


Agriculture, Sutton Bonington, 
Loughborough, Leics LE12 SRD, to 
whom applications with a curriculum 
vitae and the names and addresses of 
two referees should be sent. 

(1430)P 
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CONFERENCE 


National Research Council/ 
National Academy of Sciences 
CONFERENCE ON BIOSENSORS, 
7 and 8 May 1984, 
Washington, DC. 

Four sessions: (i) receptors, 


{it} DNA, (ii) enzymes, and 
{iv} synthetic analogs. 


For information, contact Dr. David 
Policansky, National Research 
Council, Washington, DC 20418: 
telephone 202 334 2233, 


by April 20. 
(NW380)C 


APPOINTMENTS 
WANTED 


APPOINTMENTS WANTED 


advertise your qualities and qualifi- 
cations through the most influential 
science weekly in the world at a 
special reduced cost of 25p a word. 
(Personal Box Numbers £2). 
Advertisements must be pre-paid and 
sent to: Nature Classified (Appts 
Wtd), 4 Little Essex Street, London 
(890)B 





EMBO WORKSHOP | 
GENE EXPRESSION IN | 
MICROINJECTED | 
XENOPUS OOCYTES — 
AND EMBRYOS 
September 9-19, 1984 E 
Warwick University, England | 
INSTRUCTORS (INCLUDE: Aci 
Colman (Warwick), C. Dreyer. | 
(Tubingen), E. Jones (Warwick), 
M. Kirschner (San Francisco), Ro” 
Old (Warwick), C. Phillips (San : 
Francisco), M. Vlad (Warwick) 
H. Woodland (Warwick)... 


TECHNIQUES TO BE CO’ 
ED: Microinjection of DN. 
RNA into xenopus oocyte 
embryos, followed by the ap 
priate analytical assays, Loca 
tion of nucleic acid 
sequences by in situ hybri 
to oocyte and embryo sectio 
Protein localization by antibo 
binding techniques. Lampbri 
chromosome preparation. 


ENQUIRIES TO: A. Colman: 
H. Woodland, Departme 
Biological Sciences, Univ: 
Warwick, Coventry CV4.: 
U.K. (Tel. 0203 24011 ext. 6 




































































There's always a possibility that , 
something you're doing could be -o 
accomplished faster, or better, o 
or more efficiently if you had the Le 
needed information. oe 
Often enough your NEN representa- 

tive has that information—whether 

it be a new method, a better prod- 

uct, or one of NEN’s extra services. 


Just ask. The answer will come 

from solid training and experience. is 
More detailed technical answers are — 
quickly available, too. Our represent- 
ative will see that the question is 
handled by the most appropriate Q 
several sources at NEN, such as our 
Technical Services Group, who spe- 
cialize in customer assistance. 


But first talk with the person whor 
represents it all. A good idea mays! 
be only a conversation away. 
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| A true substitute 
> for serum available right now! 











Vero cols / plate (x 105 Cell number fad x 108 








ULTROSER G 





18 times the 
equivalent o; 
50 ml of feta 
calf serum 





























a R m LKB Produkter AB Box 305, 

ee ———e S-161 26 Bromma SWEDEN 

S tockholm, Athens (Middle East), Copenhague, 
a oes } 7 “~~. Zoetermeer, London, Luzern, Munich, Rome, Tur 
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Expertise and excellence _ A 
from Anglian Biotechnology Limited 


T ' ? r i | f N, 
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r f - \ kd 7 7: 7 ` 


Anglian Biotechnology has developed significant new procedures 
with AMV Reverse Transcriptase — 
Due to major innovative purification developments, and quality 
control tests, SUPER ‘RT’ performs as follows: 


I] When globin mRNA is incubated for five minutes at 37°C with 
SUPER ‘RT’ at least 90% of the CDNA product will be full length. 


2) After synthesis of CDNA using “P-labelled dNTP the reaction Is 
terminated. Fresh SUPER ‘RT’ is added and incubated for 30 minutes 
at 37°C. Fragmented cDNA is detected by autoradiography after 
gel electrophoresis in 1% agarose. SUPER ‘RT’ produces no 
fragmented cDNA. 


The only guaranteed quality AMV Reverse Transcriptase is 
SUPER ‘RT’ from Anglian Biotechnology Limited 


Available in Europe and the United States 


Anglian Biotechnology Limited 
Hawkins Road. Colchester, Essex, England CO2 8Jx 
Telephone (England) (0206) 44469 
Telex 98718] BIOTEC G 
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RNasin 


Ribonuclease Inhibitor 4 


W/e added 
RNase to 
our RNA 
and got full 
protection. 





Analysis of Brome Mosaic Virus (BMV) RNA 

by agarose gel electrophoresis after the 

following treatments: 

1. Control BMV RNA; 

2. BMV RNA treated with RNase A; 
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antibody preparations by affinity 
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New crisis | 


THE newest crisis in the support of basic research in Britain ap- 
pears to have blown up more suddenly than seemed possible only 
a week ago. The Advisory Board for the Research Councils, 
which is to publish today last year’s advice to the Secretary of 
State for Education and Science on the size of the science budget, 
will be found to have asked for more — and to have been refused. 
Now, with a new annual budget cycle about to begin, the board 
has no choice but to ask again. Like Oliver Twist, it is almost cer- 
tain again to be refused. And then there will be unpalatable 


~ choices to be made by everybody. 


Unpalatable choices? Surely those have already been made? 
That is what the principals in this endless and sometimes tedious 
saga will say. The trouble is that all those concerned have different 
perceptions of the problem. The central question is how much 
money the British Government should transfer each year to the 
research councils, the chief sources of support for academic 
research in Britain, and to less costly institutions such as the Royal 
Society and the British Museum (Natural History). The govern- 
ment considers it has done well by these organizations, having 
stood by the promise of the Prime Minister, Mrs Margaret That- 
cher, four years ago that the science budget would be “protected” 
and seeing no return for its fortitude in a dramatic improvement 
of economic prospects. The research councils nevertheless con- 
sider that they have been unfairly squeezed, some of them because 
of the rapid increase of the cost of subscriptions to international 
laboratories such as the European Organization for Nuclear 
Research (CERN) in Geneva, others because they are being forced 
to choose between supporting university-based research and that 
carried out within their own institutes. But the ultimate benefici- 
aries of the science budget, university and laboratory scientists, 
sense at first hand the steady decline in the sparkle of the British 
research enterprise (see Nature 15 March, p.214), note the fre- 
quency with which even good research proposals are now turned 
down by the research councils, worry about the future of the in- 
stitutions in which they happen to work — and become infected 
by the accidie now rife. | 


Conventions 

These three orthogonal views of what has gone wrong will not be 
reconciled, let alone made the basis for a remedy, unless the pall 
of convention that hangs over everything can be dispelled. So it is 
worthwhile asking what would be done for British research if the 
existing administrative machinery were scrapped, and rebuilt 
from scratch. Even in shoestring Britain, the amounts of money 
spent are quite considerable. In the financial year about to end, 
the research councils and their smaller partners will have spent 
more than £600 million, one-sixth of that supplied by government 


departments in recompense for work undertaken on contract. | 


The numbers of scientists and engineers teaching in British uni- 
versities exceed 16,000 but not by much, and there are probably as 


¢ many others working in research council institutes, as post- 


_ doctoral fellows and in polytechnics with pretensions to research, 
+ What this implies is that the income of the British research enter- 
prise probably works out at an average of £20,000 a year for each 
active investigator — not an ungenerous allowance by ordinary 
standards, especially because some members of the research com- 


munity make only modest demands of the system (or even none). | 
_. So why does so much money so constantly disappoint the reci- 





British civil research seems to be in for yet another crisis, this time because the government 
is bent on level budgeting. The time has come for radical defensive measures. 













pients? Because much of it never gets to them. The British aS 


research enterprise is not just a machine for spending money on 
research projects but a huge establishment in its own right. The 
research councils worry about such things as the cost of rent, heat 
and light, the costs of employees’ pensions and, now, thecostof 


paying people to stop work early. They also have long-standing — 
commitments overseas that go beyond the well known obligations 


to subscribe to international laboratories but which entail © 


collaboration with comparable research councils elsewhere (the 


Dutch for example) which cannot be quickly shuffled off. Then, — . 
more recently, it has been thrust on everybody’s attention thats 


universities are no longer able to fulfil their part of the bargain 
that people applying for research grants should be sufficiently , 
well equipped to carry out the work contracted for. ae 


Few doubt that if the research councils were free to startal över 


again, they would organize their affairs quite differently. They 
would avoid like the plague long-term commitments to people, or 
in respect of buildings. That they are so lumbered is partly the 
consequence of what now seem historical accidents but which are 


the legacies of past convictions that purpose-built laboratories or = 


institutions were necessary for one vital purpose or another. 
Farmers are bothered by weeds among their crops? Then let there 
be a Weed Research Organization (now to be disbanded). Britain 
must keep up with the Joneses of Europe in high-energy physics? 
Then let there be not merely CERN but two substantial 
laboratories in Britain, in Oxfordshire and Cheshire (which have 
since been converted for other uses). Britain needs more clinical 
research? Then let there be a Clinical Research Centre (distinct, 
believe it or not, from the National Institute for Medical 


Research). The only comfort for the research councils is that 


other British public agencies, the Ministry of Defence and the 
Department of Industry for example, are also encumbered by 
such relics from the past, some of them much more expensive. 


Encumbrances 

If the start-again recipe would yield research councils free from 
these encumbrances, why should not some such goal be their ob- 
jective for the years ahead? As the Agricultural and Food 
Research Council knows to its cost, and the Natural Environment 
Research Council only a little less vividly, that is the direction in 


which external pressures have been working in the past fewyears. 


The Medical Research Council’s clumsy announcement last week 
of its decision to reduce spending within its own laboratories for 
the sake of being able to sustain spending on untied research is 
similarly a step in the right direction (see p.304). But the process 
has no gone nearly far enough. The research councils as a bunch 
now have no choice but to reduce as fast as they can their long- 


term commitments to people and in respect of buildings and fixed © : : ey 
equipment, keeping only what can be held to be strictly important O REF 


to the research enterprise. Until they move decisively in that direc- 
tion, the councils must live with the problems they have made for _ 
themselves. | 

The machinery for making decisions about spending money on 
basic research would also come out differently if the whole system h 
were being recast. The case of the Science and Engineering - 


- Research Council, the largest of them all and the chief source of _ 
funds for university-based research, is a good illustrationof what 
_ has gone wrong. Each year the council, having fought the other > 
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research councils for its allocation of public money, parcels out 
what it has to spend among a number of separate baronies respon- 
sible for research in different fields — astronomy, nuclear physics 
and so on. Democracy by committee being what it is, the result is 
that only marginal changes can be accomplished from one year to 
the next in the general pattern of spending. 

But how else to deal fairly with a torrent of research grant ap- 
plications when funds are short? The catch implicit in that 


reasonable question is that the members of the network of 


cheeseparing committees allow their sense of fair play to show as 
caution when the budget is tight, with the result that they back dull 
projects more often than they should. Sticking pins in a list of 
research grant applications would not suit either. On the start- 
again recipe, the research councils would instead follow different 
strategies, spending part of their funds with universities or univer- 
sity departments which had performed well in the past, sometimes 
inviting bids for research support in fields likely to have promise 
and conducting much more of their business in ways that would 
engage interested sections of the scientific community in decisions 
about what should be done. All these stratagems could of course 
give great offence, partly because they would constitute a depar- 
ture from what has always been done, partly because they would 
seem less fair and, paradoxically, too open at the same time. 

But is it not dangerous to acknowledge, when faced with 
pressure, obscurantism or even ignorance from above, that steps 
could be taken to improve the administration of the research 
enterprise? Only if the managers of the enterprise are not clear 
what they want to do with it. Now, there should be no doubt in 
anybody’s mind — the tenor of British basic research needs to be 
strengthened, and effective steps need to be taken to see that the 
money being spent yields a substantial practical benefit. The 
British Government has given the research councils a licence to 
pursue the first goal, and keeps reminding everybody of the 
second. 

The obvious difficulty is that none of the research councils nor 
their supervisory body, the Advisory Board for the Research 
Councils, is properly constituted for the pursuit of long-term 
objectives. Because of the inertia of the committees with which all 
are lumbered, clarity of purpose is rarely possible, but because 
both committee members and full-time officials play musical 
chairs with each other, continuity is equally elusive. (Sir James 
Gowans, secretary of the Medical Research Council, has 
nevertheless just been appointed for a second five-year term.) The 
result is almost the antithesis of leadership. New people arrive, 
seek to make their mark, start up some new programme which 
costs little at the beginning — and in the process lumber their 
successors with a range of expensive projects not fully 
understood. For a nation as obsessed as the British have been for 
three decades with the contemplation of the administration of 
research, it is astonishing that they have been so luckless at 
devising a strategy. 

The remedy is simpler than it seems, but unfashionable. In the 
peculiar constitutional circumstances of Britain, the only means 
that has been found of combining policy with persistence is 
political. If there is a minister in charge of something, even the 
administration of bird sanctuaries, he will sooner or later be 
required to make a policy statement on the subject and that 
policy will be public policy until a successor makes a different 


public statement. Such a system could be operated on behalf of | 


British basic science even as things are, for there is a minister (Sir 
Keith Joseph) with a bureacracy to support him (the Department 
of Education and Science). But quite apart from the minister’s 
obvious disaffection from the task, the department is unsuitable. 
The science budget has always been peripheral to its main 
business, the continual reorganization of schools and school 
systems. Especially because the need for a seemly coordination of 
what is done on behalf of civil science with what other government 
departments do in competition has been made more urgent by the 


latest crisis, the time has come to revive the arrangement briefly | 


(and successfully) relied on in the early 1960s — a part-time 
minister, a small bureaucracy and some open discussion of what 


should be done. Cl] 





its for coal? 
The neglect of coal is proof that coalmining is a 
dirty job whose cost makes the product dear. 


WHEN people used to talk, in the early 1970s, of the physical limits . 
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that would eventually halt economic growth, perhaps — 


catastrophically, it was customary to cite materials such as 
tungsten or lead as examples of resources that were undeniably 
finite. The gloomy prophecies of those now-distant times are 
chiefly memorable for their failure to predict that an insubstantial 
circumstance such as a paper increase of the price of oil would do 
the same trick, and much more quickly, but they were also a rich 
source of prognostication about the future supply of energy in ad- 
vanced societies. Briefly, the argument used to go, petroleum (the 
chief fuel of the 1960s) was a diminishing resource destined to 
become scarce and expensive in the then foreseeable future, 
perhaps in fifty years, certainly within a century. And since there 
were objections to the widespread use of nuclear power apart 
from the physical shortage of uranium, and because of the 
world’s shocking neglect of resources such as solar energy (now 


called ‘“‘renewables’’), there would be an uneasy period in the 


future when it would be necessary for people to rely on coal as the” 


chief fuel. Thankfully, most prophets would remark that there 


were at least ample reserves of coal still to be extracted from the 


Earth’s crust. 

So what is to be made of the present trouble in the British coal 
industry, where annual coal production has fallen steadily since 
the 1970s, where the labour force has declined even faster 
(because productivity has increased) and where a third of the 
labour force was on strike last week in protest at the industry’s 
plan to reduce output still further, by 4 million tonnes from last 
year’s output of 98 million tonnes? There is nothing wrong with 


the simple arithmetic of the old forecasts. Britain, which has been . 


winning more than 100 million tonnes of petroleum from oil fields 
in the North Sea for more than the past decade, will soon see this 
windfall resource begin to tail off; production from the fields now 
being worked will be declining in aggregate before the end of the 
1980s. And while there is no prospect that nuclear power will take 
up the slack, reasonable people might think that coal would be in 
demand again. Yet the opposite is true. 


The explanation of the unexpected neglect of coal in the past - 


decade is primarily the recession caused originally by the increas- 
ed price of oil but which now also owes much to the permanent im- 
provement of fuel efficiency to industry, commerce and in 
domestic usage. Those who constantly cry for what they calla fuel 
policy — by which they mean a set of explicit targets specifying the 
quantities of different kinds of fuels that will be used at different 
times in the future — should reflect that there has hardly ever been 
a better example of how usage will find a natural balance under 
the influence of market forces. The high cost of fuel has done 
more for fuel efficiency than any exhortation. 

In Britain, however, there has been another uncomfortable 
economic influence at work — the unwillingness of coalminers to 
allow their employers to close down coal-pits operating at a loss. 
The result is that the coal industry will this year make a loss of 
more than £200 million even after counting the cost of public sub- 
sidies for stockpiling unsaleable coal, for not importing cheaper 
coal from elsewhere and for the social costs of uneconomic opera- 
tions. The miners’ chief argument, that it is somehow morally 
wrong to walk away from coal deposits that could be worked but 
only at high cost, resembles the old argument about the limits to 
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growth in that it ignores economic costs. In present cir- < 


cumstances, the argument threatens to bring about a further and 
needless reduction of output. But for the long run, the dispute has 
a more sinister meaning, for it implies what most people will 
acknowledge to be true — that coalmining is such an unwanted 
and relatively ill-rewarded occupation that the cost of getting peo- 
ple to do it will always increase to the point at which coal is as ex- 





pensive as any other fuel on the market. So the huge reserves of 2 
coal may be less useful than they used to seem. D g 
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Washington 
LEGISLATION committing hundreds of 
millions of dollars to new programmes 
designed to improve the knowledge of 
school mathematics and science teachers 
may have little impact on the declining per- 
_. formance of US schoolchildren. That is the 
-= lunexpected conclusion of a heretical study 
just published by the congressional 
General Accounting Office (GAO). The 
study, which contradicts the recommenda- 
tions of almost all the recent reports on the 
plight of US high schools, has provoked 
sharp criticism from the National Science 
= Foundation (NSF), the Department of 
' Education and the White House Office of 
~~ Science and Technology Policy (OSTP). 
Dr James Ling, assistant director of 
OSTP, has written to GAO complaining 
that the report is clearly biased against 
upgrading the quality of existing 
mathematics and science teachers and that 
it ‘“‘suppresses’’ evidence that teacher 
retraining programmes have indeed im- 
proved the performance of students. Dr 
Edward Knapp, director of NSF, says the 
report is “‘unfortunate and counterproduc- 
tive”. The Department of Education says it 
disagrees with most of the report’s major 
co conclusions., 
. This angry reception can be traced in 
part to unfortunate timing. Concern about 
the poor state of mathematics and science 
education in the United States — reflected 
by a 20-year decline in scores on the 
Scholastic Aptitude Test — reached a peak 
last year. A national commission on educa- 
tion set up by the Reagan Administration 
said standards had declined so much that 
the nation was ‘‘at risk”. And a com- 
prehensive report by the National Science 
Board called for a $1,000 million a year 
programme to retrain mathematic and 
science teachers and establish 2,000 
““model’’ schools where innovative ap- 
proaches to mathematics and science 
teaching could be encouraged. 
These and other reports have stimulated 
a wave of educational reforms at state 
level. But there is precious little to show for 
them nationally except for two bills which, 
supporters glumly concede, stand little 
chance of becoming law before the 
presidential election at the end of the year. 
In March 1983, the House of Represen- 
, tatives approved an Emergency Mathe- 
|. matics and Science Education and Jobs 
Act. In the Senate, an Education for 











Economic Security Act was reported out of | 


- committee last May. Both bills would 
sio pump an additional $400 million a year 
<> (enough to spend nearly $2,000 on every 
econdary mathematics and science 
eacher) into mathematics and science 











amning accounting 
- Office report condemned 
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education. 

Neither bill has been able to generate 
enough support to move much further. 
What support they do have could be 
seriously damaged if the GAO report is 
given wide credence. Central to both bills 
are proposals for teachers’ institutes and 
other forms of in-service training designed 
to refresh the knowledge of teachers 
already employed to specialize in 
mathematics and science. Yet the GAO 
study, after reviewing attempts to do the 
same thing in the past, says there is a good 
chance that such measures will have no ef- 
fect on the performance of the schools. 

The report takes as its starting point the 
summer institutes organized by NSF be- 
tween the mid-1950s and the mid-1970s. 
Participation was widespread. A 1971 
survey found that 51 per cent of secondary 
science teachers had attended one or more 
institutes, established to ‘increase the ef- 
fectiveness of teachers by broadening and 
updating their scientific background”. 
The scheme ended in 1975 when the short- 
age of scientists became a surplus and 
NSF’s curriculum development program- 
mes ran into political hot water over a con- 
troversial social science course. But how 
effective, meanwhile, had the institutes 
been? 

According to GAO, only one useful 
research project ever asked that question 
and its results were ambivalent. High- 
school students of teachers who had at- 
tended the institutes did better but junior 
high-school students did not. So GAO tried 
to answer the question a different way. 











Mathematical and scientific knowled; 
not teaching skills, dominated the inst: 
courses. Do teachers who. ki 
about their subject actually ge 
results from their students? The intri 
evidence from recent a 
do not. 

This finding, GAO- argues, 
ant implications for public po pt 
ing heavily toimprove the knowled 
isting mathematics and science teachers, __ 
for example, may not beaseffectiveascon- 
verting good teachers from other. subject Poe 
areas. And it may be better to concentrate, — 
in retraining courses, on general pedagogic — 
skills than on substantive knowiedge o Ha a 
discipline. a 

Both conclusions run counter to conven- i 
tional wisdom. Its critics say the GAO = 
report jumps to conclusions that cannot be E 
supported by the slender research findings: 
it reviews. Even so, the report is a disturb- . 
ing warning that the problems of quality, Ho 
not quantity, of mathematics and science __ 
teaching may not be as tractable as sup- = 
porters of expensive legislation believe. : 

In Ilinois, for example, fivelaboratories 
belonging to the Illinois Research Corridor 
have banded together to offer summer jobs 
to superior science and mathematics — 
teachers from their local schools. The five | 
— Amoco Research Center, Argonne, Bell 
Labs, the Nalco Chemical Company and =- 
Fermilab — say the programme was 
designed to be interesting and relevant but 
contains no formal attempt to improve 
specific teaching skills. 

Both the teachers and the laboratories 
which hired them claim, on the basis of the — 
first summer, that the scheme has been 
outstandingly successful. More labora- 
tories intend to participate this year..The 
teachers, now back in their schools, report. < 
renewed interest in teaching and increased: 
confidence in their own abilities. 

Peter David 











Bug takes to the ski slopes 


IT seems that Pseudomonas syringae, the 
obscure Gram-negative bacterium that was 
recently catapulted to world fame when 


plans to conduct field trials with a. 


genetically engineered version were block- 
ed in the United States, may yet play a 
larger part in the affairs of men. Last 


October, plans for a field trial that entailed | 


the release of genetically engineered P. 
syringae lacking the bacterium’s ice 


nucleation protein had to be postponed | 


after objections from environmental 
groups. But researchers at Advanced 
Genetic Sciences Inc, at Oakland, 
California, hope to use other organisms 


expressing the same protein to gain a lead 
in the lucrative market for artificial snow 


used on ski slopes. 

The use of nucleator makes snow-making 
much easier than it would otherwise be, as 
it largely prevents the water from becoming 
super-cooled. Water is simply sprayed 


_ company hopes to use other bacteria. to 





through a fine nozzle onto a fan, and- ae 
the expansion-induced cooling produces __ 
snow. But there are problems with existing: 


‘nucleation agents, and the P. syringae oe 
; protein fits the bill perfectly. | | 


Dr Trevor Suslow, who is working on the | 
project,. says the company is ready to scale 
up to full production with a system using 
whole freeze-dried P. syringae. Although 
the bacterium is harmless, it will be killed 
— probably by gamma irradiation — 
before use, if only to reassure skiers who 
lack a knowledge of basic bacteriology. = =S 
With this system, ice forms at about 
-3°C. But when the regulatory hurdles ; 
standing in the way of releasing ; gen fii 
engineered organisms are overcome 










produce the protein. An even more effi 
cient and inexpensive ice nucleator may. 
then become possible. | 
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Bolt hits medical research 


THE directors of the research units of the 
British Medical Council (MRC) have been 
abruptly informed that their budgets for 
the financial year beginning in just ten 
days on 1 April will be much tighter than 


- anticipated. Several directors describe 


themselves as ‘‘shell-shocked’’ by the 
news, given to them at a meeting last week 
with the council’s secretary, Sir James 
Gowans. The amount available for capital 
equipment such as instruments will be cut 
drastically to around £1 million, and oper- 
ating budgets will be cut by approximately 
20 per cent. Salaries will not be affected, 
nor will the number of project grants to 
universities, but posts may be left vacant to 
make savings. 

Substantial cuts in MRC’s budget had 
been expected in the financial year 1985- 
86, to allow for the ‘‘restructuring’’ of the 
Agricultural and Food Research Council 
(AFRC) and the Natural Environment 
Research Council (NERC), both of which 
are planning staff reductions that will 
entail redundancy payments. This year’s 
cuts, however, are apparently unrelated, 
and reflect the council’s decision to spare 
research in the universities and even to 
compensate them for cuts to their recurrent 
grant paid through the University Grants 
Committee. The total budget for MRC isto 
be £117.2 million, a cut in real terms from 
last year’s budget of £113.2 million. 

MRC unit directors last week said that 
the 16 per cent cash cut to their recurrent 
“consumables” grant, which will save 
some £3 million, does not tell the whole 
story. Unlike previous years, there will be 
no automatic allowances for inflation, so 
the cut in real terms is about 20 per cent. 
Furthermore, the costs of laboratory sup- 


plies are running well ahead of the inflation 
rate, as are fixed costs such as property 
taxes. Directors complain that they are 
committed to meet the cost of orders 
already placed. The steep drop in the level 
of the capital equipment grant, from £5.8 
million in 1982-83 to £1 million next year, 
means that equipment purchases will be 
restricted to a few large items and those 
necessary for safety. MRC told directors 
last week that an extra allowance for 
capital equipment may be paid in the 
autumn. 

It is not yet known how the individual 
MRC units will be affected. At last week’s 
meeting, Sir James said that some units will 
be spared any recurrent grant cuts whatso- 
ever, while others may be cut by more than 
20 per cent. Units that have new pro- 
grammes or unusual fixed costs — such as 
the Clinical Research Centre — will 
probably fare better than others. The 
council has had to meet the costs of estab- 
lishing four new units, and their program- 
mes are considered inviolate. And it has, 
like others, been hit hard by the obligation 
imposed on it to increase its contributions 
to employees’ pension funds, costing 
£600,000 next year. MRC also lost about 
£500,000 as a consequence of a rounding- 
off exercise in the allocation of funds 
between research councils. 

SERC will be making its financial alloca- 
tions next week. Although the council will 
in 1985-86 be losing funds to support re- 
structuring in AFRC and NERC, an 
official denies that SERC plans to make 
drastic cuts along the lines of those at 
MRC. SERC's budget increased this year 
by 10 per cent, to £278.8 million. 

Tim Beardsley & Stephen Budiansky 
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Laboratory animals 
shrinks 


THE increa 






research primates is forcing European — at 
countries to establish breeding colonies of — 
commonly used species. Malaysia last 


month became the latest of a series of coun- 
tries to ban the export of primates for 
research, citing as its principal reason the 
discovery that monkeys exported to the 
United States were being used for 
biochemical and nuclear weapons 
research. There were also worries over the 
size of the remaining populations in the 
wild. | 
Military research accounts for about 15 
per cent of the 20,000 primates used each 
year in the United States and about 12 per 


cent of the 3,000 used in Britain: the great 
majority are used for testing vaccines, But ~~ 


12 countries have so far acted to prevent the 
export of their primates, for various 
reasons, and if Indonesia and the Philip- 
pines were to follow suit, prices would rise 
drastically. 

Attempts to establish breeding colonies 
in the countries. of use have not often been 
economically viable, producing (for exam- 
ple) rhesus monkeys at a cost of around 
£1,000 — two to three times the cost of an 
animal caught in the wild. But the govern- 
ments of West Germany and Switzerland 
have been persuaded of the need to 
establish national breeding colonies for 
primates, and in Britain the Medical 
Research Council is encouraging a switch 
from Old World to New World monkeys, 
which it breeds itself. 

Malaysia, which exported between 2,000 
and 3,000 macaques a year, was not a ma- 
jor supplier and its ban is not expected to 
lead to acute shortages. But the decision by 
India to ban the export of rhesus monkeys 
in 1978 led to a switch towards the use of 
macaques, and future political moves 
could lead to further changes in the species 
used. While the wild populations of maca- 
ques in Indonesia and the Philippines are 
not yet under serious threat, some in the 
primate business are realizing that the sup- 
ply will not last for ever. 

Mr Keith Hobbs of Intersimian Ltd is 
one such. Hobbs says he left the Medical 
Research Council in frustration that the 
council would not heed his advice to 
establish a breeding colony to meet 


| Britain’s primate needs. His company, 


through an organization called SICON- 


sing difficulty of importing 









_ far outstrip production unless new uranium production programmes are started. The period since 
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If worldwide production of uranium continues at its projected levels it could severely restrict future 
nuclear programmes, despite the fact that stockpiles are growing. This is the conclusion of a report 
released recently by the Nuclear Energy Agency of the Organization for Economic Cooperation 

-and Development (OECD) and the International Atomic Energy Agency (Uranium: Resources, 
Production and Demand). Stockpiles should hold until the end of the 1980s, but then demand will 


BREC, is now building up a breeding col- 
ony of macaques in the Philippines. Hobbs 
stresses that the high rates of loss in 
transport that were common in the past « 
have now been much improved. Hisaimis ` 
to build up a breeding colony of around 
1,000 females — which would go a long . 
way towards meeting Britain’s needs. His 
price for a fully conditioned Macac 
fascicularis: just £200. Tim Bear 










oo 1980 has seen a fall in production by the United States and increased production from Australia, 
France, Brazil, South Africa and Namibia. ae 



















THE heads of Britain’s five scientific 
research councils have temporarily shelved 
their differences to make an unprecedented 
plea to the government for a substantial 
increase in next year’s science budget. They 
say that valuable new scientific oppor- 
tunities are being lost because the govern- 
ment’s “‘level funding’’ policy takes no 
account of the rising costs of scientific 
instrumentation and raw materials. 

The plea is made in a paper drawn up by 
the research council heads under the chair- 


~» manship of Professor John Kingman of the 


Science and Engineering Research 
Council. The paper was due to be discussed 
this week at a meeting of the Advisory 
Board for the Research Councils as the first 
Stage of its annual survey of scientific 
opportunities, when it will argue the case 


for an increased science budget in order to 
give the Secretary of State for Education 


and Science, Sir Keith Joseph, ammunition 
for battles within the government over 
public expenditure priorities. 

Last year, the research council heads 
each made separate bids for support of 
important new developments in their own 
areas. That was entirely unsuccessful: the 
£27 million extra they requested was flatly 
turned down, and the only increase in real 
terms was earmarked to meet the rising cost 
of international subscriptions. As a conse- 
quence they have this year sought strength 
in numbers by throwing their lots in 
together. 

The government’s case is that the size of 
the science budget (£550 million in the 
coming financial year) has been roughly 


f. maintained in real terms, and that Britain 


must retain its high standing by making 
savings in less important areas and by 
increasing efficiency. But the research 
council heads emphasize that the extra five 
per cent on top of the existing science 
budget that would be needed for new areas 
to be exploited cannot be found by 
increasing efficiency or by diverting funds 
from other areas. 

Sir Hermann Bondi, chairman of the 
Natural Environment Research Council, 
says that while he is willing to divert ‘‘a few 
millions’’ into priority areas, it is 
impossible to achieve savings to meet the 
costs of space-based research, which are of 
‘a different order of magnitude” from 
conventional scientific activity. This 
“sophistication factor” applies also to 
Earth-based instruments as they become 
computerized, says Sir Hermann. He 


». Stresses that science is an ‘‘internationally 


competitive business’’ and that the United 
‘States, France and Japan are all sharply 
| increasing the levels of financial support 


ae for science. Britain’s continued partici- 
_. pation in the extension of the International 


a -Deep Sea Drilling Project is still in doubt 
lue to pressure on funds. 





: Both the. Science and paginering : 


Research Council and the Natural 
Environment Research Council are 
worried about the steep drop in the pro- 
portion of project grant applications 
deemed to be of “alpha” merit that they 
are turning down on cost grounds. In 
engineering, for example, some 40 per cent 
of alpha-grade applications are now being 
refused. And there is increasing concern 
that Britain is relying for space-based work 
on the charity of other nations. The Science 
and Engineering Research Council argues 
that in order to maintain its international 
standing, Britain must at least occasionally 
lead a satellite programme. But at present 
there appears to be little chance of that 
happening. 

The Medical Research Council is also 
hard hit by increasing costs (see p.304). 
Plastics and restriction enzymes are cited as 
examples of essentials that are increasing in 
cost faster than inflation. Pay increases to 


1 would be one of four that would co 









staff based in universities and: 
servants have exceeded the allowan 
made for them and are outside 
of the individual councils. The 
of pension contributions (whic 
paid for out of the researc 
budgets) is another obligat 
reduces the value of the scien 
which is likely to increase. 1 


ate in a £4 million initiative on bios 
technology if funds were available. ook 
The Advisory Board for the ‘Research ae 
Councils will include the research heads’ 
document in its advice to Sir Keith next. — 
month, But once the likely size of the ~ 
1985-86 science budget becomes known, oh 
the temporary alliance may come to an 
abrupt end as the councils fight to decide 
how the cake will be divided between them. 
Last year’s advice on the division of the — 
science budget is due to be published, as 
belatedly, this week. Participants in the 
exercise are preparing themselves for some 
close questioning on their priorities. 70 = 
Tim Beardsley. . 





Polish academics 


Nuclear institute still disfavoured 


POLISH scientists who worked at the 
former Institute of Nuclear Physics (IBJ) at 
Swierk outside Warsaw are said to have re- 
jected a bargain that could have led to the 
reinstatement of a number of scientists 
dismissed during the martial law period. 
During the winter of 1982-83, the institute 
was closed down and divided into three. 

Several independent reports reached 
Nature at that time that at least 40 re- 
searchers who had held tenured positions 
lost their jobs and that those affected were 
for the most part former activists of 
Solidarity. 

According to the underground Soli- 
darity press, the Party authorities inti- 
mated at the end of last year that they were 
prepared to ‘‘reconsider the question” if 
the Swierk scientists would undertake cer- 
tain ‘‘political initiatives’’: 
© To draft and sign a statement con- 
demning the siting of Cruise and Pershing 
missiles in Western Europe. (This must be 
signed by not fewer than 40 persons 
holding the degree of Doctor Habilitatus. ) 
@ To “deny in Nature” (presumably by 
means of a letter to the correspondence 
page) the article published in 1983. 

@ To exert influence to counteract 
““terrorist actions’’ on the premises of the 
former IBJ. 


DESMOND on line 





- THE development of computer acronyms will 


pass another milestone this week when the 
Open University in the United Kingdom 
unveils its new. educa tional machine 
DESMOND — the Di igital Electronic System 


Made Of MYD Devices. z 








. @ To write, for example in Polityka, the 


influential weekly paper, an article “to be- 
based on material supplied by the Central 
Committee’s Science Department’? ap- 
praising ‘‘in the correct manner” those 
physicists who have gone on official trips oe 
abroad and then re hi in the West. 


We will work 
hand in love 


authorities. t 


an : 43 


witha thy. 


The ‘‘terrorist actions” referred to in 
this list refer, presumably, to the strike at 
Swierk in protest against the imposition of 
martial law in December 1981, and the | 
possibility of further protests by Solidarity | 
supporters at the institute. ; 

According to the underground press, the = 
Swierk scientists have refused to comply 
with the proposed ‘‘initiatives’’ on the - 
grounds that the authorities have no right = 
to make such demands. : 

Nature would, of course, be delighted to 
reassure its readers that all is well at Swierk — 
— as soon as clear evidence is available that 
this is indeed so. Vera Rich: 
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Soviet academics 


NEWS 


No room at the top? 


THE Soviet Union, with more than a 
million people of working age with higher 
- education, is having difficulty finding jobs 
for them all. The rapid expansion of higher 
education during the past three decades to 
- meet the challenge of the ‘‘scientific and 
technological revolution’’ has proved, it 
appears, too successful. Some universities 
and institutes seem now to be attempting to 
obstruct researchers hoping to submit a 
- dissertation for a higher degree on the 
grounds that no posts are available for 
them. 

The problem is exacerbated by the Soviet 
two-tier system of higher degrees and by 
the rigid separation of available posts into 
those for ‘“‘junior’’ and “‘senior’’ scientific 
researchers. It is still fairly easy for a Can- 
didate of Sciences (roughly equivalent to a 
PhD) to get a position as a ‘‘junior scien- 
tific worker’’. The trouble comes when he 
or she wants to proceed to the degree of 
Doctor of Science. If there are no senior 
posts available at an institute or university, 
the argument goes, why should a junior 
scientific worker or assistant lecturer want 
to take a doctorate? A doctor cannot be 
employed in a junior post, so anyone who 
insists on submitting a doctoral dis- 
sertation must do it elsewhere. 

During the past few years, the issue of 
higher degrees and the jobs appropriate to 
them has been taken up on a number of oc- 
casions by the weekly Literaturnaya 
Gazeta, which published in 1976a proposal 
that the difficulty could be avoided by 
dropping the word ‘‘junior’’. In 1982, it 
questioned the relevance of the candidate 
degree (introduced as a temporary expe- 


dient in the 1930s to satisfy an urgent need 
for trained personnel). Last week, it laun- 
ched yet another ‘‘debate’’ on the subject, 
with a letter by Academician V. L. 
Ginzburg, of the Landau Institute of 
Theoretical Physics, entitled ‘‘Is it 
necessary to block those presenting dis- 
sertations?’’ — a question which he 
answers with a firm negative. 

The publication of scientific articles and 
the defence of dissertations are, in Ginz- 
burg’s opinion, the ‘‘basic and often uni- 
que form’’ in which a scientist can demon- 
strate his or her results. Placing impedi- 
ments in the way of these activities, he says, 
imposes on victims a ‘‘moral trauma’’ and 
takes away their legal rights. Jobs, 
however, are a quite different matter, and 
if a new doctor of science wants to stay on 
in his old (junior) job, that is his business. 
(In Soviet conditions, in which the prepara- 
tion of a doctoral dissertation can take up 
10 to 15 years of working life, it is hardly 
surprising that Ginzburg regards it as a 
scientist’s ‘‘basic’’ activity.) 

Ginzburg argues that the defence of a 
dissertation for a higher degree should be 
free of administrative restraints — though 
subject, of course, to those imposed by the 
Higher Attestation Committee (which, 
incidentally, cover character and political 
rectitude as well as purely academic con- 
siderations). He does not mention, 
however, the main practical objection to 
Doctors of Science in ‘‘junior’’ posts — the 
Soviet academic salary structure which 
calculates salaries not on the basis of the 
post held but on the qualifications of the 
incumbent. Vera Rich 


Insurance wanted on Greenland explorers 


EXPEDITIONS planning to visit Greenland 
are likely to find it more difficult to raise 
adequate support from this year. The 
Commission for Scientific Research in 
Greenland is insisting on much larger 
guarantees against the cost of rescue opera- 
tions — twice as much by some accounts — 
and visitors will in future have to liaise 
more closely with the authorities and stick 
to an agreed route. The number of private 
: scientific expeditions may fall as a result. 
< Fhe commission, based in Copenhagen, 
i. = : says the tight new conditions have been 
ae imposed because of several fatal accidents 


<o last year. Although all the fatalities 


a occurred on sporting rather than scientific 
expeditions, the commission is taking no 


chances. All agree that the cost of rescue 
a, operations in Greenland is enormous: heli- 
. | copters, usually the only means of rapid 
< transport, start at $1,500 per hour. The 
- > commission and the Ministry for Green- 
= land in Copenhagen have been frustrated 


ee _at the number of expeditions setting off 
a into remote Greenland with what is seen as 





wholly inadequate equipment and with 
little or no experience of Arctic travel. 

There may also be a political element to 
the decision. Although still formally a part 
of Denmark, Greenland now has effective 
home rule, and — as is shown by its recent 
decision to leave the European Economic 
Community — is willing to go its own way 
when the occasion arises. As Denmark 
already subsidizes the country to a large 
extent, attitudes may be hardening. 

The commission is adamant that bona 


fide scientific expeditions will still be wel- 


come in Greenland. Its aim seems to be to 
eliminate many of the badly organized 
sporting expeditions which have been 
increasing in recent years. Well-planned 
expeditions, it says, will not be imperilled. 
Others are less sure. There were 90 scien- 
tific expeditions to Greenland last year, of 
which 64 were not Danish. The cost of 
insurance — proof of which must be shown 
to the commission — may be a significant 
part of the cost of an expedition, particu- 
larly to a remote area. 


Tim Beardsley | 


US research freedom 
Suit against 
farm machines | 


Los Angeles ; 
THE freedom of a university to choose its. 
own research objectives went on trial in 
California last week. 

In an unprecedented court case, a group 
of farm workers challenged the right of the 
University of California to use public 
research funds to develop labour-saving 
machines that, according to the farm 
workers, primarily benefit owners of large 
farms. 

The 19 workers say mechanized devices 
developed by the university’s agricultural 
extension division have eliminated 
thousands of farm jobs, promoted the 
growth of large land holdings and 
prevented workers from starting small 
farms of their own. 

The university denies the charges. and 
says that no more than 3-4 per cent of all its 
agricultural research has ever gone to 
developing the labour-saving machines. It 
also says that much of its research has 
directly benefited both small farmers and 
farm workers. 

The case is being tried in Alameda 
county, across the bay from San Francisco 
and just south of the Berkeley campus. 
Plaintiffs are represented by California 
Rural Legal Assistance, a federally- 
subsidized public interest law firm. 

The workers are seeking a court order 
that would limit the influence of private 
industry in helping to set research priorities 
for university scientists and to require that 
researchers prepare ‘‘social consequence 
statements’’ before taking on projects. 

The consequences of stopping research 
because what might be learned could some 
day be harmful ‘‘is staggering’’, said uni- 
versity lawyer Gary Morrison. ‘‘Professors 
should be allowed to inquire into areas of 
academic merit, where they believe that 
new knowledge should be uncovered, 
without judicial interference and without 
having to consider some perceived 
downstream, social or economic impact 
that might occur.” 

The judge in the case agreed that it is 
difficult to determine in advance what the 
economic and social impacts of new 
knowledge will be. But he said he would 
allow the plaintiffs to determine if the 
university’s procedures and policies favour 
private over public interests. 

University lawyers have likened the 
farmworkers’ challenge to last century’s 
Luddite revolt to stop the use of labour- 
saving machines. But Ralph Abascal, 
representing the California workers, said 
the comparison is unfair and ‘‘that 
Congress intended the system of public- | 





supported agricultural research to help the = 
little person, the person most in need, noto o oo 
mechanization research for large 
industries”. | 


Sandra Blakes | 
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(THE community of solid-Earth geo- 
hysicists in the United Kingdom is inade- 
quately represented and supported by the 
Natural Environment Research Council 
(NERC). That at least is the message from a 
recent survey of university Earth scientists 
carried out under the auspices of the Royal 


Astronomical Society. And, while NERC | 


rejects some of the charges levelled at the 
way it assesses studentship and research 
proposals, there is no argument that the 
level of geophysical activity in the United 
Kingdom represents a significantly small 
proportion of efforts in the Earth sciences 
as a whole. 

The charges implicitly levelled at NERC 
arise from a survey carried out by Pro- 
fessor K. Creer, head of the department of 
.. geophysics at the University of Edinburgh; 
ym those who responded included geo- 
~~ physicists and geologists from many British 
universities. The areas of concern include 
electromagnetics, geomagnetism, gravity 
and geodesy, palaeomagnetism, seis- 
mology and planetology. 

One worry, according to Professor 





Creer’s report on the survey, concerns the | 


way in which NERC committees operate. 
The training awards committee for the 
Earth sciences, consisting of 17 scientists, 
does not use peer review in reaching its 
decisions — because according to NERC, 
the resources are not available to cope with 
such an assessment of 600 or so appli- 
cations each year, of which about 130 
are successful. Moreover, NERC’s view is 
that anyone assessing an application within 
the United Kingdom would be a com- 
.. petitor, and that it would be impractical to 
~ have the applications assessed overseas. 
The survey highlights the difference in 
classification between geophysicists with 
geological backgrounds on the one hand 
and those who apply expertise in physics 
and mathematics to geophysical problems 
on the other. If the latter category is ac- 
cepted as the ‘‘‘pure’”’ definition of a geo- 
physicist then, over the past decade, fewer 
than 10 per cent of the members of training 
awards and research grants committees 
have been geophysicists. 





NERC’s response is that it is keen to en- 


sure that committee members are not seen 
as representatives of particular lobbies; 
rather, they should be capable of judging 
across all the fields concerned, with the 
help of peer review. 

One feature of NERC policy highlighted 
by the survey is a concentration on crustal 
studies. Most geophysicists who responded 
‘work in this area and were satisfied with 
| NERC’s approach, except to question the 

relatively small amount of NERC’s 
resources put into university research 
rather than other NERC activities 
{especially its own research institutes). The 
‘survey says, however, that such areas as 
electromagnetic induction, physical pro- 








lore © support for solid- 








perties of rocks and palaeomagnetism with 
geomagnetic objects are experiencing un- 
due difficulties — a point that NERC simp- 
ly rejects. One significant area of crustal 
research is the deep seismic crustal pro- 


as this involves extensive outside contracts 
in its operation and crustal geological inter- 
pretation, it should hardly be counted as 
real geophysics, and that, moreover, it has 
prejudiced support for geophysics by its 
sheer financial requirements. On the latter 
point, NERC says it was encouraged by 
ABRC to concentrate on certain areas like- 
ly to be particularly productive — an ap- 
proach amply justified, it says, by the 
results of the deep seismic reflection pro- 
jects. 

A major issue reflected in the survey 
concerns the coordination of support for 
geophysics between NERC and the Science 
and Engineering Research Council 


UK science parks 


THE year 1984 looks set to be a bumper one 
for science parks in Britain. Although opi- 
nions differ on what they should do and 
even on what they are, everyone is convinc- 
ed they are a good thing and should be en- 
couraged. So far this year, the University 
of Birmingham has officially launched its 
grandly-styled ‘‘Institute of Research and 
Development’’, Barclay’s Bank has open- 
ed a ‘‘Venture Centre” at the plain old 
science park at the University of Warwick, 
while the University of Stirling hopes this 
week to reach agreement with local 
authorities over its long-delayed proposed 
science park (not to be confused with the 
High Technology Area, over which the 
university relinquished control by selling it 
to Wang computers). Even the 
polytechnics are getting in on the act: the 
Polytechnic of the South Bank this week 
plans to open its “Technopark” on a 
derelict site in South London. 
Connoisseurs of the species would pro- 
bably object to the last-mentioned being 
described as a science park, since it is 
neither exclusively scientific nor park-like. 
There is a distinction to be drawn between 
science parks opened in the north of 
England, which have been seized upon by 
local authorities as a regional development 
tool (as well as by universities as a source of 
extra income), and the more spontaneous 
southern type. And investors are becoming 
more wary of the idea of science parks, 
some of which seem hard to distinguish 
from up-market office accommodation. 
As these enterprises were seen chiefly asa 
means of attracting new industry to 
depressed areas it may, however, be unfair 
to judge them too harshly. The true science 


filing project (affectionately known as | ficiently strong in the compe 


| BIRPS). The survey report points out that, 

















(SERC), an issue that seems t 
minds of UK geophysicists o 
sions. Indeed, the Royal S 
party looking into sup: 
as a whole (including | atmos} 
magnetospheric science as. wella 
sciences) was stimulated to dos 
the feeling in the communities: 
mospheric/space geophysicists 


SERC funds compared. w 
astronomers, while some solid 5 
geophysicists feel unduly dominated Dy ihe pasa 
geologists on the NERC committees. DEE 
That the research councils are aware of je 
the problem is reflected in arecent meeting 
between Sir Hermann Bondi and Professor = 
John Kingman, chairmen of NERC and 
SERC respectively. They concluded that _ 
the present distribution of responsibility 
between the councils is appropriate but ` 
that more attention needs tobegiventothe — 
borders of responsibility. To this end, Dr. 
John Mather (NERC) and Dr Barry Martin 
(SERC) have been given responsibility for: 7 
ensuring adequate cooperation. ooo ioone 
Fhilip Camphel T 





A growing phenomenon 


park has to have a low building density and oo 
be in an attractive environment. One ofthe 
main lessons of the British experiencesofar 
is that the sort of people with ideas that will 
regenerate industry are rather fussy about. 
where they want to live. Cultural amenities- 
are as important as close proximity to a ` 
university, it seems: one recent study found 
that technology-minded companies.are as. 
likely to forge links with universities . 
elsewhere in the country as with the one on 
their doorstep. k 

The investor, even if he has lostalittleof 
his initial enthusiasm, is not yet totally- 
disillusioned with science parks. Although — 
seen by some universities as a panacea for. 
all ills, few are likely to become mature in- 
vestments within 15 years. The science park 
at Cambridge, the oldest in the business, is 
now said to be making a good commercial 
return on the investment of those who. 
backed the project, although it has now 
relaxed its original rule against any 
manufacturing industry on the site. Heriot- 
Watt University in Edinburgh has a | 
research park, which it insists will never be 
sullied with manufacturing industry. 

At Birmingham, the university has set up 
a management company to head its in- 
stitute. It has been luckier than mostinhav- - 
ing ‘‘loads of money” to spend on the pro- 
ject, in the words of John Samuels, Birm- 
ingham’s professor of business finance. | 
Although it does not intend to follow — 
others and tempt industries to move in by 
offering low rents, Professor Samuels says | 
that several companies who want to cob > 
laborate with university academics are — 
prepared to take the plunge. Es 

Tim Beardsley 
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Three Mile Island 





NEWS 


Still a problem after five years 


Washington 

THE fifth anniversary of the accident at 
-~ Three Mile Island has brought little 
© tranquillity to the reactor site at Harris- 


ue i burg, Pennsylvania. Efforts to clean up the 
==> damaged Unit-2 reactor are slowing down 
_ because the General Public Utilities (GPU) 


Nuclear Corporation is running short of 
money. Meanwhile, the site continues to 
provide a focus for bitter arguments about 
the safety of nuclear power in the United 
States as well as the integrity of both the 
industry and the Nuclear Regulatory Com- 
mission (NRC). 

GPU technicians have not yet begun to 
remove the radioactive debris from the 
reactor vessel, although the company 
planned last week to extract a second batch 
of samples from the fuel core. Later in the 
year, 60 studs on the head of the reactor 
vessel will be loosened to see whether any 
have been so damaged. by corrosion that 
they cannot be removed when the time 
comes to lift off the head. 
= Progress on the clean-up is, however, 
being hobbled by GPU’s financial diffi- 
culties, caused principally by the industry’s 
sluggish response to appeals for financial 
help. Some $400 million has already been 
spent.on the clean-up, but GPU says more 
than $1,000 million is needed. In July 1981, 
Pennsylvania’s Governor Thornburgh 
proposed a plan under which GPU itself 
would pay a quarter of the sum, and 
nuclear utilities a fifth. Another fifth 
would come from federal matching grants, 
and the balance from insurance payments 
and the governments of Pennsylvania and 
New Jersey. 

So far the industry has held back. The 
Edison Electric Institute reports pledges 
from industry of $71 million, but will not 
release those funds until at least $100 
million has been committed. However, 
utilities may soon prove more forthcoming 
as the result of an Internal Revenue Service 
ruling last December that contributions 
to the clean-up may be deducted as an 
ordinary business expense. 

GPU’s financial predicament may also 
be relieved if it can persuade NRC to let it 
restart the undamaged Unit-1 reactor at 
Three Mile Island. The commission hopes 
to make a decision by the end of June, and 
there are signs that it will give GPU a clean 
bill of health. Most encouraging for GPU 
was. a decision in January by NRC to set 


= aside questions of management integrity 


= whenitcomes to vote on the restart. But the 
-issue of integrity has recently taken on new 


< importance in the wake of a grand jury 


indictment accusing the Metropolitan 
~ Edison Company, which operated Three 
Mile Island at the time of the accident, of 
deliberately falsifying coolant leak rate 


_ tests for months before the accident. 


Had the leak rates been reported in 






accordance with NRC regulations, the 


plant would have been shut down and the 


problem identified. The accident occurred 
when the plant operators ignored control 
room indicators of high temperature in the 
system. They did not discover until after 
the accident that a relief valve was open, 


allowing the core temperature to rise and 


hundreds of gallons of coolant to escape. 
In a plea-bargain agreement last month, 
Metropolitan Edison admitted its guilt. It is 
to pay a $45,000 fine and prosecution costs. 
In addition, the company must establish 
a £1 million account to help the Pennsyl- 
vania Emergency Management Agency to 
formulate an emergency plan for a 20-mile 
zone around the plant. 

Even before the grand jury indictment, 
GPU had been plagued by allegations that 
its management of the rescue operation 
had been incompetent and, on occasions, 
unethical. Its most implacable critic is NRC 
commissioner Victor Gilinsky, who insis- 
ted last year that the senior management of 
the company would have to be replaced 
before he would support a vote to restart 
Unit-1. GPU, Gilinsky complained, had a 
“narrow and grudging conception of its 
public responsibilities’’, cut corners on 
safety and held back information from the 
public authorities, 

GPU’s relations with the commission 
have certainly been unhappy since the 
accident. NRC investigations have been 
held to find out whether GPU employees 
cheated during training programmes, 
whether engineers who expressed concern 
about safety issues were victimized by 
management and whether internal accident 
reports were doctored before they were 
submitted to NRC. In a report last 


September, the commission said alle- 


gations that GPU had violated safety 
procedures were true. An investigation of 
the victimization charges is still incom- 
plete. 

So far, the corporation has denied all the 
charges against it. While conceding that 


some technical violations of safety pro- 


cedures had taken place, a GPU-sponsored 
investigation said that they had been ac- 
cidental technical errors with no direct 
impact on safety at the site. The corpor- 
ation also persuaded retired admiral 
Hyman Rickover, former head of nuclear 
operations for the United States Navy, to 
conduct an independent investigation. In 
September he declared GPU fit to operate 
the plant. But the corporation has also 
bowed quietly to NRC criticism. In 
November the company’s president and 
senior deputies were reassigned. 

These moves may well persuade NRC 
to permit a restart at Unit-1 but they are 
unlikely to still public controversy. The 
Union of Concerned Scientists claimed last 


| month that GPU had not yet introduced 


the technical modifications needed to 
ensure the safety of Unit-1. 


Peter David 
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US accelerators . 
Super-collider 
costing 


Los Angeles 

SEQUESTERED in special offices at 
Lawrence Berkeley Laboratory at the Uni- 
versity of California, a group of 20 high- 
energy physicists is working round the 
clock to establish ‘‘credible’’ cost estimates 
for the United States’ proposed super- 
conducting super collider (SSC). The 
accelerator, which would collide two 
proton beams at energies up to 40 trillion 
electron volts, would be the largest and 
most powerful in the world. 

The group, representing seven 
institutions and leading competitors who 
want to design SSC three different ways, 
expects in three months to produce a 
200-page report for the Department of . 
Energy (DoE) detailing how much “ 
competing designs will cost. 

An important goal of the SSC reference 
design study, according to Jay Marx of the 
Berkeley laboratory, is to ‘‘do an honest 
job from bottom up and see what the 
numbers come out’’. It will not select a 
winning design but will compare the 
favourite approaches on a systematic basis. 

“A lot of numbers are floating around 
this town’’, said Bill Wallenmeyer, head of 
DoE’s division of high-energy physics in 
Washington, DC. With some estimates 
topping $8,000 million, he said, the govern- 
ment needs ‘‘a better handle on costs’’. 

Impetus for the cost study came from the 
directors of US physics laboratories. 
Meeting at Cornell University last 
September, they realized that while many 
designs were being discussed, costs were 
pure guesswork, Secretary of Energy 
Donald Hodell said he wanted to move on 
SSC by the summer of 1984. As a result, the 
study group began formal meetings on 
1 February and will deliver its report to 
DoE on 30 April. 

According to DoE, the $2-million study 
is top priority. ‘‘We’re expecting (it) to give 
us 30 to 50 per cent accurate cost 
estimates’’, Dr Wallenmeyer said. To meet 
a 1988 construction start, he said, the 
government must have credible cost 
estimates this summer. 

In response to fears that a reference 
design study might ‘‘lock in” one approach 
too early, the group is comparing three 
designs. Trade-offs in technology, such as 
type and strength of magnets, determine 
costs. Some designs favour an accelerator 
with a 150-mile circumference while 
others, backed by those without access to 
cheap land, have a 30-mile circumference. 


The mood at Berkeley is very upbeat, 7 


according to Dr Marx. “There are no 
winners or losers in this exercise and no 
sense of our design versus their design,” 
US physicists are primarily interested in 
seeing that SSC is built, he said. ge 
Sandra Blakeslee — 
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= SIR — Few would disagree with your view 

{Nature 2 February, p.400) that the United 
‘Kingdom’s binary system of higher 
education is divisive, but I feel that your 
leading article contained some errors. 

The local authority, or maintained, 
sector of higher education consists of many 
more institutions than the thirty (not 
twenty-six) polytechnics in England and 
Wales. These include the colleges and 
institutes of higher education and the 
Scottish central and local authority 
institutions. 

Polytechnics were not designated as 
degree-giving institutions. They, in 
common with other maintained insti- 
tutions, had in their constituent colleges 
offered degree courses for many years, 
usually validated by the University of 
London. Today, polytechnics are proud of 
the range of courses they offer leading 
to higher diplomas, professional quali- 
fications and degrees — the degrees being 
validated by the Council for National 
Academic Awards. 

It is misleading to suggest that the poly- 

technics have attempted to ape the uni- 
versities. Their range and diversity of 
work, the variety of modes of study, their 
vocational emphasis, links with industry, 
commerce and the professions and ties 
with the regional and local community 
combined with their national roles fully 
justify their claim that they have been 
highly successful in achieving the 
objectives set out in the 1966 White Paper 
which included the establishment of ‘‘a 
strong and distinctive -sector which is 
complementary to the universities’. 
k Turning to the proposed Polytechnics 
» Central Admissions System (PCAS), it 
must be placed on record that the initiative 
came from the Committee of Directors of 
Polytechnics (CDP). It is CDP which has 
successfully negotiated with the University 
Central Council on Admissions (UCCA), 
not the Department of Education and 
Science (DES), and CDP which has 
successfully negotiated with DES the offer 
of a grant towards the cost of setting up 
PCAS. What should also be placed on 
record is CDP’s appreciation of the 
positive response of UCCA and of DES. 
Using your own wording, it is a nonsense to 
say that PCAS will run for a trial period of 
two years. It is anticipated that there will be 
two financial years in which expenditure 
will be incurred in setting up the system 
before any income received from parti- 
cipating institutions and applicants. Once 
the system has been established, it is 
expected to be self-financing. 

In suggesting that confusion may arise 
because applicants using UCCA and PCAS 
will be required to complete two separate 
_ forms, it is worth stressing that polytechnic 
<- applicants now have to complete a separate 
form for each polytechnic to which they 
| py. a as we asan DORA form if i are 
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also applying to universities. CDP would 
venture to suggest that two forms will be a 
marked improvement. 

The commitment of CDP to consider at 
an early stage the possibility of extending 
PCAS to cover full-time and sandwich 
degree courses in other local authority 
institutions is evidence enough that this 
initiative is not being regarded as the end of 
the road of rationalizing the applications 
jungle. But it would be impracticable to 
attempt to do so all at once. In that context, 
the initiative was never seen by CDP as a 
first step to removing the binary line. 
Others may read into it what they will. 

It is a great pity that despite three lengthy 
telephone calls to the CDP office, and 
the availability of UCCA and DES press 
releases, your journal should have so com- 
pletely misunderstood the nature of poly- 
technics and of what is being proposed. 

M. S. LEWIS 
Committee of Directors 
of Polytechnics, 
309 Regent Street, 
London WIR 7PE, UK 


SIR — The “Binary is divisive” column 
(Nature 2 February, p.400) makes some 
fair points and the desirability of greater 
diversity in higher education would be 
endorsed by many. However, in discussing 
this matter at least three factors differ- 
entiating polytechnics from universities 
need to be considered and these are, to 
some extent, run together in the argument 
presented for scrapping the binary line. 
The three factors are non-autonomy/ 
autonomy, lower unit costs/higher unit 
costs and more vocational/less vocational 
approaches to teaching. 

The article does not make clear whether 
the writer considers that polytechnics 
should become chartered institutions but 
there are good arguments that this should 
happen in some institutions now and in 
others in the course of time. Discussion of 
comparative costs (which in practice vary 
greatly from institution to institution 
within both groups) tends to be accom- 
panied by a deal of acrimony. Part of the 
differential relates to salary levels, part to 
student loads and part to the heavier 
research involvement of university staff. 
Unfortunately too much attention is 
focused on the first of these and indeed, 
abolition of the binary line tends, in the 
eyes of many academics in both sectors, 
mainly to mean unifying of salary 
structure. 

The third factor is in many ways the 
most important. Many of those who, like 
myself, have experience of the ways in 
which polytechnics operate and who value 
the excellent work done in many depart- 
ments find it a tragedy that so many poly- 
technics have moved away from emphasis 
on vocational and part-time education in 


the way that the article portrays. What is 


_ unmanned spacecraft have shown us. 


Cameron Park, California 95682, aA 














needed is a resolve to get back 
founding principles and it does not 
that abolition of the dividing li 
produce this. Rather, I susp 
away from doing useful thing 
accelerated. There may be anot 
here for the universities. Of cc 
directly vocational work. in. 
research is done, as it always 
universities. It would, ho 
tragedy if the vocational test were to 
strictly applied to what universities do. Bee 
My view is that what the United oe 
Kingdom needs is a sober, considered and 
detached appraisal of what the shape and o 
scope of higher education over the next few : 
decades should be and serious political _ 
consideration ought to be given to formu- 
lating such a policy as soon as possible. = 
J.A. BEARDMORE heats 
Department of Genetics, CEN 
University College of Swansea, = 
Swansea SAZ 8PP, UK ae 


NASA’s spending 


SIR — I agree wholeheartedly with your | 
argument that the National Aeronautics a 
and Space Administration (NASA) tends _ 
to live by pushing for huge new projects | 
and hastily devising rationales for them 
afterwards (Nature 307, 1; 1984) 
However, your second theme — that the __ 
manned station would be an outright 
disaster for space sciences and astronomy = 
— is a distinctly false charge. ae 
From the start, NASA’s design for the. 
station has included a large unmanned 
platform, carrying astrophysical instru- 
mentation, at a distance of several 
thousand metres from the manned station. 
This design, from the point of view of space 
science, provides the best of both possible. 
worlds. It provides freedom from inter- 
ference by crew motions or vented-gas 
contamination (a far more serious shuttle 
and manned-platform problem which- 
Nature failed to mention). But it ako- 
allows regular instrument repair and 
maintenance by a nearby manned crew — a 
very important factor, as Spacelab-1, —_ 
Skylab, Solar Max and a legion of other T 
‘In 
addition, the servicing of other sci enti 
spacecraft has been strongly indicated as ; 
station justification. P 
Your sneer that the station will serve as à C 
base for research on ‘‘whether you can = 
make the perfect ball-bearing in space” = 
also misses the point. From the start, zero-g 
manufacturing — particularly of drugs — 
has been recognized as the single. greatest F 
justification for a centralized station, 
manned or unmanned. In sum, the 
rationale for a manned station remains 
extremely wobbly — especially as- 
compared to an unmanned station with 
frequent maintenance-crew visits — but it 
is far stronger than Nature states. C 
R. BRUCE MoomMaw 
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Scientists in Pinochet’s Chile 


SIR — As scientists working in Chile, we 
value the concern that Nature has shown 


for the state of academic life under Chile’s | 


dictatorial regime in publishing Simon 
Litvak’s commentary (Nature 306, 11; 
1984). We share Litvak’s criticism of the 
ways in which Chilean universities have 
been abused for the past ten years. 
Nevertheless, we think that his article does 
not fully convey the atmosphere in which 
Chilean scientists have been living. 

Litvak writes that ‘repression has clear- 
ly decreased in recent years’’ and on this 
basis he draws an optimistic perspective 
for the future of Chile’s universities. 
Unfortunately he is wrong. Repression in 
our country and its universities has lately 
not decreased but rather dramatically in- 
creased, as clearly stated in the 1983 United 
Nations Report on Human Rights. The 
Catholic Church, through its Vicaria de la 
Solidaridad, and the widely respected and 
politically pluralist Chilean Committee for 
Human Rights concur with this appraisal. 
Furthermore, the police continue 
brutalizing students, as acknowledged by 
the official press, and paramilitary guards 
are seen at every gate of the Academia 
Superior de Ciencias Pedagogicas, severed 
from the University of Chile in 1981. 


NAPETA a ream a HOT NTN TTT 


1981 1982 1983 
Political arrests (i) OH iD RBB ih 3622 
(2) 967) i 1789} a 
Internal exile” {t} & qh} &) it) OR 
(2) 4} iz} 66 (2) 48 
Torture {i} oh) 
denunciations: (2) 68 (2) 1230 (3) 99 


(t} Catholic Church, Vicaria de ia Solidaridad (9 months} 

(2) Chilean Committee for Human Rights (6 months) 

+ Administrative decision, not judicial. 

$+ Reported personally to one or both (1) and (2), or the 
judiciary. 





As to the ‘‘further sign of improvement” 
that Litvak sees ‘‘in the fact that new uni- 
versity legislation committees are now 
working with impressive freedom’’, he 
might have known that the participants 
were chosen by the government; we can 
now inform him that the outcome of their 
labour is a project that further reduces the 


already scant academic autonomy of 


Chilean universities. Actually, even the 
_ university authorities, also appointed by 
the government, opposed the project and it 
has been shelved. The influential associ- 
ation ‘‘Andres Bello”, to which university 
professors and dismissed professors from 
different Chilean universities are affiliated, 


= states that “‘the withdrawal of this project 


. Cannot... hide its arbitrary genera- 
i nor theconceptual errors it contains’’. 


oe In fact the association had provided the 


conceptual framework required by 
legislation concerning the universities but 





authorities and university people was the 


= public plea signed by hundreds of | 
“professors asking for democratization of 
: universities in order to. ae ae Progress: 





<$. {its proposals were ignored, A further | 
< example of the lack of dialogue between | 


ive deterioration. This plea has not been 
acknowledged by the military government. 

Litvak refers ‘‘to the better overall func- 
tioning” of the Catholic University and 
implies that this stems from respect due to 
the Church and also to the permanence of 
its president, a retired admiral. He fails to 
mention that Cardinal Raul Silva had to 


relinquish his role as chancellor to a vice- 


chancellor who was less outspoken on 
human rights. He also fails to mention that 
some influential professors of the Catholic 
University have contributed to the ideology 
of the military regime and in particular to 
its economic policies. For these reasons the 
Catholic University is indeed a special case 
and differs from other Chilean universities. 
Consider, for instance, the case of the 
University of Chile, which is still the most 
important. The Association of Professors 
of its Faculty of Physics and Mathematical 
Sciences recently said in an open letter to 
the Minister of Education: ‘‘Since the 
intervention at University of Chile, more 
than a decade ago, it has suffered 
unrelenting attacks of a kind unknown in 
its more than hundred years of life. It [the 
University of Chile] has been dismem- 
bered, turning it from a national university 
into a local one. For political and/or ideo- 
logical reasons, many academicians, 
students and administrative personnel have 
been persecuted. The university budget has 
suffered systematic reductions... The 
present situation is such that the academic 
units that form the University of Chile now 
receive [funds that are] less than half of 
what they received in 1973.” 

We cannot be optimistic while the 
universities are still under direct military 
rule. Revival of our universities is difficult 
to foresee in the general atmosphere in 
which academic life has taken place in 
Chile for the past ten years. We hope that 
these matters will be of concern to scientists 
and intellectuals everywhere. It is perhaps 
impossible to quantify the devastating 
impact on academic life of the take-over of 
a democracy by a dictatorship 
but it must be borne in mind by anyone 
contemplating the future of his own 
country or the fate of geographically 
distant societies. 

PATRICIO CORDERO, MANUEL A. 
GARRETON, HUMBERTO GIANNINI, 
ALEJANDRO Goic, Luis IZQUIERDO, 
RAMON LATORRE, JOSE MINGUELL, 

Tito URETA, Francisco F. VARELA, 
ENNIO A. VIVALDI 

The signatories of this letter are all 
professors of Universidad de Chile, Casilla 
653, Santiago, Chile. 


SIR — It is extremely sad that the only thing 
my colleagues seem to have registered is the 
moderate optimism I used to analyse the 


: current situation and evolution in Chilean 
universities. My essential aim was to | 


1 Rue Camille Saint Saens, 
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convey the sense. of intrinsic perversity I 
have always felt about the military 
intervention in Chilean universities. I 


wrote the article during a 2-month stay i 
Chile last year, after meeting man 
colleagues and reading a considerable 


amount of material concerning the 


situation in that country over the past few 
years. Having lived in Chile for thirty 
years, visited the country every year for the 
past 6 years and lived there recently for a 
whole year (1980-81), I think I have the 
right to give a personal view of the situation 
in that country. As I wrote in my article, the 
situation in the middle of 1983 was quite 
favourable for positive evolution since the 
government was in a defensive position due 
mainly to the poor economic situation and 
the successful rallies organized by the 
opposition forces. Unfortunately, the 
failure of a crucial meeting last September 
gave new strength to the Pinochet govern- 
ment. Asa result the Minister of Education 
was changed. While the previous incum- 
bent was in charge of the universities a 
certain degree of demilitarization of these 
institutions was observed but it is obvious 
that the ‘‘military lobby” in Chilean uni- 
versities had gathered enough strength to 
persuade Pinochet to oust her. It is true 
that those involved in the formulation of a 
new university law were named by govern- 
ment officials, but I reaffirm my previous 
assertion that some of the named parti- 
cipants were known for their dissenting 
views and that the general atmosphere of 
those discussions was more democratic 
than expected. The naming of a new 
Minister of Education coincided with the 
shelving of these committees, as stated in 
the letter of Professor Latorre et al. All 
these unfortunate events, which have 
slowed the demilitarization process in Chil- 
ean universities, happened while my 
commentary was already in press with 
Nature. 

The human rights situation in Chile is far 
from acceptable, but to deny a certain 
degree of improvement in recent years is an 
act of sheer manicheism or bad faith. The 
possibility of travel abroad without 
restrictions and the ability to publish 
dissenting views in several national or inter- 
national publications are not enjoyed by 
intellectuals of other dictatorial states. 

Finally, I would like to salute the courage 
of my distinguished colleagues in signing 
this letter. If repression in Chile is as harsh 
as they affirm, we should expect a brutal 
reaction against them from the Chilean 
authorities. Let us hope that I am right and 


| that they will be able to continue to play a 


crucial role in forming a generation that 
will take into their charge, as we deeply 
hope, the full democratization of the 
country. 


SIMON LITVAK 


Institut Biochimie Cellulaire, 
institut Neurochimie du CNRS, 






33077 POENE edex, France — 
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THE University of Edinburgh may not be 
quite as disreputable as it may seem from 
having won the competition among British 
universities for the late Arthur Koestler’s 
legacy for research on paranormal 
phenomena. In earlier times, Harvard and 
Stanford Universities and the Uni- 
versity of Pennsylvania were all engaged on 
similar enterprises. So much is clear froma 
history of psychic research between 1914 
and 1939 by Mr Brian Inglis, published this 
© week as Science and Parascience (Hodder 
< and Stoughton, £12.95). The remarkable 
feature of the present time is not that one 
university should be prepared to spend Mr 
Koestler’s £500,000 and to appoint a 
professor of parapsychology, but that 
interest among serious people in the 
paranormal has been so much less since the 
Second World War than in its heyday after 
the First World War. 

Why should this be? Part of the explan- 
ation may be that suggested by Mr Inglis — 
the pathetic i interest of the relatives of those 
killed in the huge European battles of 
1914-18 in renewing relationships with 
their dead by means of spirit mediums. But 
long before that, people such as Sir William 
Crookes, Lord Rayleigh and even J.J. 
Thomson in Britain, and William 
McDougall in the United States, had 


= declared themselves open-minded on the 


paranormal. Part of Mr Inglis’s implied 
reproach to contemporary science is that so 
many people have set their faces against 
such lines of enquiry, usually he says from 
fear for their academic reputations. What 
force has that charge? 

Although not a scientist, Mr Inglis is well 
qualified to make this charge. He is a dis- 
tinguished British (strictly, Irish) journalist 
who has written widely on matters as 
different as the Irish problem, and the 
industrial revolution of the nineteenth 
century. Partly because of his friendship 
with Arthur Koestler, he has become an 
unofficial historian of the paranormal, 
first with Natural and Supernatural, now 
with the volume published this week. 

Inglis explains that he has done his best 
to write as an historian, not as a 
_““believer’’, and indeed his book does tell 


__ tales of spirit mediums who turned out to 
* be charlatans as well as of those who sur- 


vived investigation. Mr Inglis’s claim to 
impartiality is weakened by his deadpan 
description of the work of J.B. Rhine at 
> Duke University in the 1930s; the claim that 
_ some people were able to identify marked 
-> Cards being looked at by a second person 














Claims that “orthodox” science should pay more attention to paranormal phenomena were, co 
to supposition, heeded seriously a century ago, but to no effect. The onus is now on the unorthodo 


more often than chance would allow has, 
to say the least of it, been undermined by 
later demonstrations that the experimental 
design did not exclude opportunities for 
collusion, even barefaced cheating. But, 
mostly, Inglis has no need to bias his own 
account of the connections between ortho- 
dox and unorthodox science; in the inter- 
war period, many serious people were 
willing to give time to the paranormal. 

Why should that have been the case? Mr 
Inglis, starting from the position that it is 
wayward to the point of irresponsibility 
that contemporary science is habitually 
scornful of claims of paranormalcy, is 
understandably uninformative on this 
point. But that late-Victorian science 
should have thrown up people prepared to 
devote themselves to the investigation of 
these phenomena is not surprising. With 
the systematic study of cognitive processes 
(psychology) in its infancy, and with even 
orthodox science littered by unexpected 
phenomena, it is understandable that 
people should have paid some attention to 
the popular craze for attending seances at 
which mediums would make voices 
materialize from the dead and, often, 
quantities of a material called ectoplasm 
that would from time to time assume the 
form of a human hand or head. 

In 1876, William Barrett, professor of 
physics at the Royal College of Science in 
Dublin, even went so far as to hold forth on 
the subject at the annual meeting of the 
British Association, that year at Glasgow. 
This journal at the time reported that ‘an 
excited discussion arose. Many phenomena 
of mesmerism, clairvoyance and spirit- 
ualism were alleged, and Mr Crookes (later 
Sir William), Mr (A.R.) Wallace, Lord 
Rayleigh and Dr Carpenter (W.B. Car- 
penter, the palaeontologist) expressed 
opinions which are well known, based on 
facts witnessed by themselves.’’ Barrett’s 
enthusiasm, apparently undiminished by 
the hostility of the sceptics, led a few years 
later to the formation of the Society for 
Psychical Research to put psychic 
phenomena through more rigorous tests 
than had previously been carried out. The 
president of the new society was Henry 
Sidgwick, professor of philosophy at the 
University of Cambridge, England, whose 
opposite number at Harvard University, 
William James, soon became president of 
the comparable ‘Society in the United 
States. 

To begin with, the paranormalcy people 
were thus flush with eminent supporters, so 







that it was also natural that gifts of mone} > 
should be thrust at often-reluctant uni- 
versities for the support of research in the 
field. Stanford accepted $50,000 for a ae 
fellowship in telepathy only because. the 
donor was the brother of the founder, and 
then took care to appoint a sceptic to the 
post. Inglis wrings his hands over this 
development, as well as over the growth of ae 
scepticism in the Society for Psychical me 
Research, quoting in his support the _ 
remark of A.R. Wallace that the society _ 
existed ‘‘for the suppression of facts, for. 
the wholesale imputation of i imposture, for 
the discouragement of the sensitive andthe 
repudiation of every revelation of the kind 
which was said to be pressing itself upon. 
humanity from the regions of light and 
knowledge”. eee 
But what else can Mr Inglis and his ee 
fellow-thinkers expect? By the evidence of 
his own book, there was a time almost 
within living memory when academic peo~ oo 
ple paid close attention to claims that He 
paranormal phenomena occur, and were __ 
discovered to have wasted their time un- 
masking fraud. In 1926, this journal, seek- He 
ing to end a long and acrimonious cor- 
respondence on the subject, acknowledged es 
that there was a need “‘that a competent __ 
body should exist for making out a prima 
facie case for any new phenomena’. 
(Nature 118, 721; 1926)and went ontosug- 
gest that the Society for Psychical Research 
might with advantage be combined in : 
that role with the then new “National __ 
Laboratory for Psychical Research” (pro- 
prietor one Harry Price). Mercifully, the 
advice was not followed, for Mr Pricewas 
himself eventually unmasked as the prin- 
cipal organizer as well as investigator ofthe 
notorious Borley Rectory poltergeists. And 


_ the record of charlatanism has continued E a 


ever since. eae 
This is why it is mystifying that people - ia 
like Mr Inglis should still insist that ‘‘or- © 
thodox”’ science blindly refuses to entera 
whole field of science which is supposedly 
ripe for investigation but which is never 
defined with any clarity. Yet, inthis book 
as in its companion literature, the argu-. 
ment that serious people should. spend : 
more time looking into probably spurious 
happenings is bolstered by the argument: 
that quantum mechanics ‘thas continued: 
to provide evidence of paranormal-type 
phenomena, translocation and actionat 
distance at the micro level’’. If the que 
is so simple, why are verifiable phen 
so few? John Madde 
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Particle physics 


NEWS AND VIEWS - 


Can the gallium detector solve 
the solar neutrino problem? 


trom W. Hampel 


SOLAR neutrino experiments, designed to 


detect the neutrinos generated in the 


= nuclear fusion processes in the Sun, are 


among those difficult experiments that aim 
to detect very rare events. The only type of 
detector able to overcome the huge back- 
ground problems in detecting these 
neutrinos is the radiochemical detector. An 
important quantity for radiochemical 
experiments is the neutrino capture cross- 
_ section for the target nucleus. A recent 
paper of Orihara ef al.' is concerned with 
the cross-section of the gallium detector, 
upon which rest current hopes of resolving 
the discrepancy known as the solar 
neutrino problem. 

The only completed experimental 
attempt to detect solar neutrinos, the 
Brookhaven Chlorine Experiment’, has 
resulted in a neutrino signal of 1.8+0.35NU 
(i snu = 1 neutrino capture per second in 
10% target atoms). This is almost four 
times lower than the 6.9 SNU predicted by 
the so-called Standard Solar Model 
(SSM)}-*. Itis this discrepancy that has long 
been known as the solar neutrino problem. 

Because of the energy threshold (814 
keV) of the ’Cli(v,e-/’Ar reaction on 
which the chlorine detector is based, it is 
mainly sensitive to the ’ Be (862 keV) and *B 
(0-14 MeV) neutrinos. While contributing 
75 per cent of the expected rate in this 
experiment, *B neutrinos are produced ina 
very rare side branch of the solar fusion 
chain and are insignificant in the total 
energy production in the Sun. Unfor- 
tunately, the chlorine detector cannot 
respond to the bulk of solar neutrinos, the 
pp neutrinos (0-420 keV), generated in the 
primary fusion reaction. 

It has long been recognized that an 
experiment with a threshold low enough to 
- detect the pp neutrinos might, among other 
things, provide the answer to the problem 


imposed by the chlorine experiment. The | 
only experiment of this type which has been — 


_ demonstrated to be feasible is the gallium 
- experiment’, based on the neutrino cap- 
ture reaction’! Ga(v,e-)’!Ge (236 keV 
threshold). The SSM prediction for that 
experiment’ is 106 sNU (pp: 66 per cent, 
’Be: 27 per cent). Even if one assumes that 
the low chlorine result is due to some 
unknown problems with the solar model, 
_ the most probable result for the gallium 
_ detector will still be near 85 SNU. 
‘The only other seriously discussed 
| ‘explanation for the solar neutrino problem 
is a reduced electron neutrino flux at the 





`- detector due to neutrino oscillations; 
mixing of the electron neutrino with 
neutrinos of other flavours (oscillations) | 
-may occur if neutrinos are not mass eigen- | 











states. In this case the expected neutrino 
signal for the gallium detector would be 
distinctly reduced and certainly less than 70 
SNU. That is why the gallium detector 
should be able to decide whether the 
explanation of the solar neutrino problem 
is that there are serious problems with the 
solar model or that neutrinos oscillate. The 
latter would involve a non-zero rest mass of 
the neutrino, which would have severe 
consequences for elementary particle 
physics and, possibly, for cosmology. 

The interpretation of the result from a 
gallium detector requires knowledge of the 
cross-section for neutrino capture in 7'Ga. 
This cross-section is dominated by 
transitions to the 7'Ge ground state, which 
can be reliably calculated from the 
observed f-decay between the two states®. 
The rates given above for the gallium 
detector are based on this ground state 
cross-section. However, there may be ad- 
ditional contributions from two states in 
7l Ge at excitation energies 175 and 500 keV 
which may be populated in particular by 
7Be neutrinos. In order to calculate the 
cross-section leading to excited states one 
needs the B-decay ft-values (Gamow-Teller 
strength) of the respective states. In 
principle this information can be obtained 
from the systematics of B-decay or from 
(p,n) forward scattering experiments since 
the (p,n) charge-exchange reaction 
connects the same states in the target and 
product nuclei as neutrino capture or (in 
inverse direction) B-decay. 

Orihara and co-workers! have measured 
the 7'Ga(p,n) reaction at 35 MeV proton 
energy and have extracted from their data 
ft-values corresponding to transitions from 
the 7'Ga ground state to the 7'Ge states at 
175 and 500 keV. Their results yield a total 
rate of 135 snu for the gallium detector, 29 


-SNU larger than the predicted capture rate 


for the transition to the ground state alone 
(the number of 149.6 SNU quodi in their 
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paper is incorrect because of a compu- 
tational error). The increase is dominated 
by an increased ’ Be fraction in this rate (pp: 
53 per cent, ’Be:36 per cent). This causes 
the prediction for the gallium detector to ` 
become more dependent on details of the 
solar model. It will not, however, qualita- 
tively affect the potential of the gallium 
experiment to provide the answer to the 
solar neutrino problem. | 

In addition, it should be noted that there 
is a problem connected with the interpre- 
tation of the (p,n) data at 35 MeV in terms 
of B-decay ft-values: there could be contri- 
butions to the (p,n) cross-section which do 
not simply correspond to allowed Gamow- 
Teller transitions. Consequently, the 
neutrino capture cross-section extracted 
from (p,n) measurements would be over- 
estimated. Indications that this may be the 
case come from a preliminary result of 14 
snu for the excited state contribution in a 
(p,n) experiment on 7'Ga using 120 MeV 


protons at the Indiana University cyclo- “~ 


tron (J.N. Bahcall, personal communi- 
cation). 

Since there will always remain some 
ambiguities in the interpretation of (p,n) 
data in terms of neutrino capture cross- 
section, it is important to note that an 
experiment with an artificial *' Cr neutrino 
source planned as an integral part of the 
gallium experiment? will eventually be able 
to answer the question about excited state 
contributions. °'Cr.emits neutrinos of 746 
keV, sufficient in energy to populate the 
175 and 500 keV levels in 7!Ge. The *'Cr 
experiment will thus provide not only a test 
of the entire detector system but will also 
yield direct information on the 7'Ga 
neutrino capture cross-section relevant for 
solar neutrinos. s 





W. Hampel is at the Max Planck Institute for 
Nuclear Physics, D-6900 Heidelberg 1, Postfach 
10 39 80, Saupfercheckweg i, FRG. 
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100 years ago 


THE REMARKABLE SUNSETS 
THOUGH we are no longer favoured with the 


gorgeous sunsets which marked the autumn and | 


early winter, yet two phenomena are still 
frequently visible which seem referable to the 
same cause as those splendid displays. 

The first is the unusual white glow in the 
western sky before sunset which was an almost 
constant precursor of the brilliant and long- 
continued colouring of the past months. It was 
very marked on November 8, the occasion of the 
first remarkable sunset, and it still to be seen on 


almost any fine evening before the sun sets, 


though it is no longer followed by the more 
striking phenomena. 
The second is a decidedly unusual pink tinge 


From Nature 29, 503, 27 March 1884. 


occasionally visible for some ten to twenty 


degrees round the sun when shining in a 


somewhat hazy sky, the colour being brought 
out with great distinctness if light cumulus cloud 
happens to be passing accross it. I first observed 
jt about 1 p.m. on Sunday, March 2, and it was 
very marked last Thursday (20tn) between 10 
and ii a.m., and again on Friday (21st) between 
and 2 p.m., as well as on one or two other days 
which I have not specially noted. 

May not both be due to the gradual 
subsidence to a lower level in our atmosphere of _ 
the particles which at a higher elevation caused 
the wonderful colouring of the past months? 

Hampstead, March 24 B.W.S. 
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Ox ford physics 








“from N. Kurti 


ADAGES like ‘‘Oxford is for manners and 
marmalade, Cambridge for sausages and 
sums’’ take a long time to die. The sight of 
Frank Cooper’s marmalade factory near 
the station has long ceased to gladden the 
heart of the visitor to Oxford, yet the myth 
still persists that Oxford is fine for the 
humanities but for science, engineering or 
mathematics you had better go to 
Cambridge. Several reasons can be given 
for this view, such as the renowned and 
large engineering school in Cambridge — 
in 1945 the ratio of Cambridge to Oxford 
engineering intakes was 10 to 1, and even 
today it is somewhat above 2 to | — and the 
.. multidisciplinary nature of the Cambridge 
ry: Natural Sciences Tripos which was, and 
~~ perhaps still is, the reason for the high 
proportion of Cambridge graduates 
among science teachers. But there is 
another explanation which so far does not 
seem to have been considered. 

During the 50 years 1870-1920, Cam- 
bridge justly earned the reputation of being 
the centre of excellence for physics by 
virtue of the discoveries made in the Caven- 
dish Laboratory or by Cavendish men. 
During the same period, the Clarendon 
Laboratory in Oxford remained practically 
unknown, and this almost total disregard 
of physics research coloured views about 
the standing of science in the oldest British 
university. 

Why was Oxford so backward? The 
answer is obvious: during the period in 
question, the Cavendish Professors were 
Maxwell, Rayleigh and J.J. Thomson, 
three household names, while very few, 
even among physicists, have heard of R.B. 
Clifton who was Dr Lee’s Professor of 
Experimental Philosophy and head of the 
Clarendon Laboratory from 1865 until his 
retirement in 1918 at the age of 81. 

Curiously, Clifton had his application 
for the Oxford chair privately printed, 
which is fortunate since there is nothing in 
the university archives or in the minutes of 
the Hebdomadal Council about his 
election. In support of his application, 
Clifton cites two published papers and 
prints a remarkable collection of 20 testi- 
monials from eminent people, including 
J. C. Adams, Bunsen, Joule, Kirchhoff, 
Stokes and W. Thomson (later Lord 
Kelvin). All referees emphasize the 
excellence of Clifton’s lectures, but their 
comments on his ability to conduct original 
research —- based on one single paper 
published jointly with Professor Roscoe, 
his colleague at Owens College, 
Manchester (now the University of 
Manchester) — are vague and lukewarm. 
This is all the more significant since testi- 
monials addressed to and seen by the 
candidate are likely to be laudatory. Never- 
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Opportunity lost in 1865? 


theless the electors chose Clifton and the 
consequences. of their decision may be 
gauged by the following quotation from 
the Royal Society’s obituary notice, which 
appeared soon after Clifton’s death in 1921: 


The design of the [Clarendon] Laboratory 
was his first task.... Much of this was 
designed and redesigned by him until perfection, 
or something approaching it, was reached, and 
so much loving care had been spent on an 
instrument that it needed to be kept jealously 
under lock and key, taken out from time to time 
to be dusted and cleaned, possibly to be used in 
lecture, but entrusted never to the careless 
handling of a student of Physics. 

Of research work there was little: the 
Laboratory was intended for teaching. . 
Almost the only great piece of research 
appearing from the Clarendon Laboratory in his 
time was Boys’ determination of the constant of 
gravitation [carried out in the vibration-free 
cellar of the Clarendon rather than in the Royal 
College of Science in South Kensington where 
C.V. Boys worked]. 


Clearly, Clifton did not fulfil the expec- 
tations placed in him and the choice was 
unfortunate, even bizarre, in view of the 
widespread belief in Oxford that Hermann v. 
Helmhoitz of Heidelberg, who was already 
a scientist of world fame, had been an 
applicant for the post. 

I have heard one ingenious and plausible 
explanation why Oxford preferred Clifton 
to Helmholtz. There was, in the 1860s, a 
passionate debate in the university about 
whether Oxford should continue to be 
primarily concerned with teaching the 
young or whether it should imitate the great 
continental universities and become a 





Would H. v. Helmholtz 


left) have succeeded where R.B. Clifton (right) failed? 














centre for learning and research a 
One of the advocates of the latter vi 
a distinguished scholar of Germa 
Max Müller, Professor of Comp 
Philology, and, so the stor 
Oxford ‘establishment’ felt that it was b 
enough to have one famous ( 
professor trying to change the unive 
it would be unwise to have a secon a 
But did Helmholtz really apply? Theuni- 





versity archives say nothing about the = i 
election. Koenigsberger’s . biography of 
in March 1864, — 


Helmholtz says that, : 
Helmholtz visited Oxford for two days, 
and a letter to his wife contains thumbnail 
sketches of Max Miller, with whom he was 
staying, and of the university: is 
Oxford is perhaps unique of its kind; its many 
old, beautiful and well-preserved buildings are _ 
splendid and are evidence of immense 
wealth... . I now understand the devotion of. 
an Englishman io his University. The system 
works admirably for the education of. 


‘gentlemen’ butit cannot lead to muchin science 


and learning and it needs a very strong interest in. 
learning to prevent a Fellow from sinking into 
idleness. Max Miiller is perhaps the only one 
doing any work here. 


But it is a letter written from Paris on 11 
April 1866, five months after Clifton’s 
election, which gives the clue to the story 
about Heimholtz’s candidature: 

At eleven o'clock I had to be back to lunch 
with M. Hermite and the mathematician Prof. 
Smith from Oxford. It was mentioned that they © 
had wanted to appoint me as Professor of. 
Physics in Oxford but they could raise only £700 
salary which, admittedly, is more than we have- 
in Heidelberg, but hardly enough to live in the 
same comfort in England.... I think, 
therefore, that it was quite correct for Professor 
Max Müller to assure them that I would 
certainly not come on those terms. . 


Why did Max Müller prevent the invi- 
tation to Helmholtz? He knew Helmholtz 
well enough to ask him informally whether 
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he would at all consider an official invit- 
ation. The salary was not insultingly low: 
when in 1871 Sir William Thomson invited 
Helmholtz to become the first Cavendish 
Professor in Cambridge the stipend he 
could offer was not much more than £700. 
A possible — and to my mind the most 
probable — explanation for Max Müller's 
declining the invitation on behalf of Helm- 
holtz without consulting him is that, at the 
time, Max Müller was regarded as perhaps 
the most distinguished and internationally 
best known scholar in Oxford, and he may 
have felt that Helmholtz would outshine 
him. He effectively vetoed the invitation to 
avoid this risk. 

Would Helmholtz have accepted the 
chair? It appears at first sight that he 
approved of Max Milller’s action but the 
relevant passage in the German original 
(“Ich finde es also ganz in der 
Ordnung . . .’’) sounds less definite than 
the English version. Then there is the 
passage omitted by Koenigsberger in the 
quotation above and marked differences 
between his version and the rendering of 
the same letter in the biography of Anna 
von Helmholtz (Helmholtz’s wife) by her 
daughter, Ellen von Siemens-Helmholtz. 
The passage in the Koenigsberger version 
“but they could raise ... not come on 
those terms’’ appears in the Anna von 
Helmholtz biography as ‘‘and that 
Professor Max Müller had told them 
assuredly that I would not accept the 
offer’’. The original of the letter cannot be 
found. The Archives of the Akademy of 
the German Democratic Republic 
(formerly the Berliner Adademie des 
Wissenschaften) in East Berlin has only 
Helmholtz’s scientific papers and corres- 
pondence. The personal papers remained 
originally in the family but were trans- 
ferred to a green safe at the academy which 
survived the allied bombing attack of 3 
February 1945 and was still in its place in 
1947. Subsequently the safe was opened, its 
contents disappeared and we shall 
probably never know the exact wording of 
Helmholtz’s letters. 

‘One can only speculate whether, but for 
Max Miller, Helmholtz would have 
become Professor. of Experimental 
Philoso hy in Oxford, how the Clarendon 
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and whether 50 years of neglect would have 


= been avoided. ‘For. the sad. truth: is that 


| Clifton’ S lofty aim ““to aid . 





„as far as in 
me lies, i in securing and. maintaining fo i the 





the Depa neering Science, Parks 
Road, oo d OX2 3P. 









NEWS AND VIEWS 
Low-temperature physics 


NATURE VOL 308 22 MARCH 1984 


Persistent currents in liquid ‘He 


from Peter McClintock 


IF you once start liquid? He moving round a 
circle, it will continue to flow indefinitely 
without any further assistance and without 
slowing down at all, according to a recent 
experiment at Cornell University. The 
work in question, which was carried out by 
P.L.Gammel and J.D. Reppy of Cornell in 
collaboration with H.E. Hall of the Uni- 
versity of Manchester, is reported in 
Physical Review Letters (52, 121; 1984). 

A feature that liquid tHe, liquid He and 
the electron gas in certain metals have in 
common is that, as a result of a low- 
temperature transition, they seem to lose 
all their viscosity and are then able to flow 
without friction and thus without any dissi- 
pation of energy. The critical temperatures 





Fig.1 Schematic diagram of the ac gyro- 


scope. The He fills the shaded cross- 
section of the cap of the mushroom via the 
hollow stem. Drive and detection 
electrodes (not shown) oscillate the 
mushroom about any of the axes X,, X} 
and X,, and monitor the amplitude of 
oscillation. By movement of the entire 
cryostat the mushroom can be rotated at a 
steady angular velocity Q about axis X}. 


for the onset of this so-called superfluid 
behaviour ranges from only 2 mK in liquid 
3He to about 20 K in a metallic alloy. In 
each case, below the transition temperature 
the fluid seems to divide into two distinct 
but freely intermingling fractions: a 
normal fluid component, much like any 
other liquid, and a superfluid component 
that exhibits the dissipationless flow 
properties. 

One of the best ways to demonstrate that 
a superfluid flows without friction is to 
show that, once it has been set to flow 


_ around a closed circuit, it keeps going 
without any diminution of velocity. (The 


flow of a normal liquid in such an experi- 
ment would gradually slow down.) 
However, whereas it is relatively easy to 
demonstrate persistent currents in a super- 
conductor, it is not so simple in super- 
fluids. 

For a superconductor, if one joins the 
two ends of a coil of superconducting wire 


and starts an electrical current flowing 





round the coil, both the presence and the 
strength of the current can readily be 


measured in terms of the magnetic field 


that is created. An experiment of this type 
has been run for more than a year without 
any measurable change occurring in the 
field produced by the circulating current, 
A persistent flow current of superfluid 
tHe is far more difficult to detect because 


| the atoms, being neutral, create no assoc- 


iated magnetic field by their movement. 
Nevertheless, about fifteen years ago, J.D. 
Reppy of Cornell University developed a 
cunning technique capable of detecting the 
presence of persistent flows of this nature, 
based on what he called a superfluid 
gyroscope. His method exploits the 
propensity of gyroscopes to try to move at 
right angles to the direction in which they 
are being pushed, Thus, in a ‘gyroscope’ of 
superfluid flowing round a sensitively 
suspended torus, the existence of 
superflow is readily demonstrated if, upon 
turning the torus slightly about one 
diameter, it responds by trying to turn 
about another diameter, at right angles to 
the first. The Reppy gyroscope provides an 
outstandingly successful method for 
studying persistent currents in superfluid 
‘He. It is much less easily applied to 
superfluid *He, partly because of the 
relatively small amount of liquid that can 


be cooled to the exceedingly low tempera- 


tures that are required. 
Most people would have guessed that a 
superfluid *He gyroscope would, in 


practical terms, be quite impossible to set - 
up. Nonetheless, what Gammel ef al. have 


now devised — and operated successfully 
— is nothing less than a modified form of 
the original Reppy gyroscope. The strange 
instrument that they have created (see 
Fig.1), which they refer to as an ‘ac 
gyroscope’, consists, in essence, of a 
hollow ‘mushroom’ in which the head is 
made of epoxy and the (marrow) stem is 
made of springy beryllium-copper. The 
mushroom can be oscillated at small 


-amplitude about any of the three axes X,,, 


X, or X3, and the amplitudes are detected 
by sensors. The cap of the mushroom is 
filled with liquid He through its hollow 
stem and the whole cryostat, which 
refrigerates the mushroom, is rotated 
(relatively rapidly) for a while about axis 
X, to try to set up a persistent current of 
*He around the circumference of the cap, 
and then brought to rest. To test whether a 


current persists, the mushroom is then _ 
oscillated at its resonant frequency about — 


axis Xa: if there is a persistent current of 


*He, the gyroscope effect will cause, in  ~ 





ae 


aes 


addition, a small oscillatory motion about 


the axis at right angles, X. That is precisely 
what Gammel et al. have observed for t 
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ae -phase of superfluid “He. They find that 
< there is no observable decay of the 
‘persistent current over a period of an hour 
~~ and have been able to deduce, on this basis, 
that the viscosity (if any) of the superfluid 
component is less than that of the normal 
fluid component by at least 10° — an 
enormous factor. 

This is a very satisfying result, partic- 
ularly in view of some aspersions 
previously cast on the superfluidity of 
the B-phase. Eisenstein and Packard 
(Phys. Rev. Lett. 49, 564; 1982) had re- 
ported the observation of some dissipation 
apparently associated with the flow of *He- 


X-ray astronomy 
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B through a narrow channel connecting 
two reservoirs. Although Brand and Cross 
subsequently proposed a plausible explan- 
ation of these effects in terms of events 
occurring in the reservoirs, rather than in 
the channel (Phys. Rev. Lett. 49, 1959; 
1982), there remained a lurking suspicion 
that perhaps *He-B was, in some way, not 
quite such a ‘good’ superfluid as “He or the 
electron gas in a superconductor. These 


residual doubts can now be laid torest. LJ} 





Peter McClintock is in the Physics Department, 
University of Lancaster, Lancaster LAI 4YB. 


Milestone for EXOSAT 


from Mike Watson 


,-EXOSAT, the European Space Agency's 
first satellite for X-ray astronomy, was 
launched in May last year and passed a 
second milestone in mid-December when 
the early scientific results were publicly 
presented at a special one-day session of a 
meeting at Florence*. The early phase of 
the EXOSAT mission was not free from 
problems, the sad demise of two of the four 
imaging X-ray detectors, for example, but 
also provided some pleasant surprises; the 
background levels for both the medium- 
energy experiment and the gas scintillator 
proportional counter were substantially 
below those expected. Judging by both the 
quality and quantity of results presented at 
the meeting in more than thirty papers, 
EXOSAT should fulfil its role of providing 
a major X-ray observational facility for 
Europe during the next three years. 
EXOSAT has several novel features 
which give it important advantages over 
previous X-ray astronomy missions, as 
Peacock (European Space Research and 
Technology Centre, ESTEC) described. In 
particular, the sensitivity of the channel 
multiplier array imaging detectors in the 
soft X-ray/extreme UV permits studies of 
X-ray emissions in the 10-300 A range — a 
part of the spectrum hitherto barely 
explored. Another important feature is the 
satellite’s highly eccentric 90-hour orbit, 
which makes possible long uninterrupted 
observations important for the study of 
variability on time scales from hours to 
days characteristic of many galactic X-ray 
binaries. Real-time operation of the 
spacecraft from the European Space 
Operations Centre (ESOC) control centre 
in Darmstadt allows the entire payload to 
_ be used as a true X-ray observatory. This 
f- has proved enormously valuable in 
- programmes coordinated with ground- 
based or International Ultraviolet Explorer 
studies and also allows EXOSAT to 
respond quickly to new phenomena such as 
X-ray transient outbursts. (60 per cent of 
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* The Seventh European Regional Astronomy Meeting was held 


observations made with EXOSAT in the 
first five months took advantage of this 
capability.) 

At the Florence meeting, the emphasis 
was on studies of galactic objects, particu- 


larly binary X-ray emitters of all types. The 


most dramatically variable objects in the 
X-ray sky are the X-ray transients which 
undergo intense outbursts paralleling those 
of classical novae. 

Blisset (ESOC) and Peacock described 
two X-ray transients (4U1543-47 and 
V0332 + 53) which conveniently flared up 
during the first six months of the EXOSAT 
mission. X-ray outbursts from both 
sources were first noted by the Japanese 
Tenma satellite, but the flexibility of 
EXOSAT made it possible to obtain within 
a few days X-ray positions accurate enough 
for the optical counterparts of both 
transients to be quickly identified. 
Observations of the transient V0332 + 53 
also revealed a coherent 4.4-s pulsation 
together with chaotic flaring activity down 
to millisecond time scales, behaviour 
characteristic of the black hole candidates 
Cyg X-1 and GX339-4. This observation 
may be especially important for our 
understanding of the black hole 
candidates, for the coherent 4.4-s pul- 
sations are almost certainly the signature of 
a rotating magnetized neutron star. 

Among other results on bright galactic 
X-ray sources, 
Kahabka (Max Planck Institute, Garching) 
reported that the binary Her X-1 had 
undergone a transition into a low-flux state 
in which its normal X-ray characteristics 
seem to be absent, even though X-ray 
heating of the optical companion seems 
still to be taking place. Pietsch (Max 
Planck Institute, Garching) had a similar 
story to tell about 4U2129 + 47, which was 
undetectable during the EXOSAT 
observation. 

The continuous 30-h EXOSAT obser- 
vation of Cyg X-3 described by Willingale 
(University of Leicester) and Blisset was 
particularly impressive. The wealth of new 


Parmar (ESOC) and 

















features discovered in the X-ray lig ht 
will be a challenge for models of this. 
system, X-ray bursters and bulge si 
also featured, with presen 
Sztajno (Max Planck Institute, 
of the discovery of absorptio 
4U 1755-33 and by Turner (Uni 
Leicester) of an unusual absorp 
in X-ray spectra of several 
4U 1636-536 obtained with the 
energy experiment which could. 
iron absorption red-shifted by the 
gravitational field near the neutron star. o 

EXOSAT is also providing valuabledata 
on cataclysmic variables, interacting Se 
binary systems involving accretion onto a> _ 
white dwarf companion. Current interest uae 
centres on those systems, known as ‘polars’ 
and ‘intermediate polars’, containing a 
magnetized white dwarf with afield strong __ 
enough to ensure that accretion takes place ae 
primarily onto the magnetic polecaps. = = 

Heise (Space Research Laboratory, ae 
Utrecht) announced the discovery of 
completely anomalous behaviour in the 
best-known polar, AM Her; the 
modulation of the soft X-ray flux at the 
3.1-h binary period is almost exactly out of 
phase with the hard X rays, perhaps. 
implying emission from two active 
magnetic poles. For EX Hya, a possible 
intermediate polar, Cordova (Mullard 
Space Science Laboratory/Los. Alamos) 
showed the clear presence of a 67-min 
period together with a weaker modulation 
at the 98-min binary period in the soft 
X-ray light curve. Pietsch described 
observations of the established 
intermediate polar H2252-035 which =. 
suggest a 30 per cent orbital modulation of 
the X-ray flux as well as the well-known 
805-s pulse period. Watson (University of 
Leicester) announced the discovery, during 
an optical outburst, of X-ray pulsations 
from the old nova GK Per, witha period of 
351 s, which implies that the accreting 
white dwarf in this system must also havea 
substantial magnetic field and be. yet .- 
another intermediate polar. The relative: 
amplitude of the X-ray pulses from GK Per 
does not change as the mean X-ray flux 
varies, which may be an important clue to 
the geometry of the region at the magnetic 
polecap emitting X rays, as itis difficultto 
model this behaviour unless the scale- — 
height of this region above the white dwarf. 
surface is small. 

EXOSAT?’s low-energy imaging detec- 
tors can be used in conjunction with filters 
to provide X-ray ‘colours’ inthe important. - 
spectral region spanning the soft X-rayand ~~ 
extreme ultraviolet; this capability is — 
particularly valuable for observations of 
single stellar objects, as was demonstrated =- 
by McKechnie (University of Leiden) and 
Heise. Heise also presented objective 
grating spectra of the hot white dwarf HZ. ~ 
43 and AM Her which indicated the great- 
potential of this instrumental combina- 
tion. Some of the visually most impressive — 
results were the images obtained of super- — 
nova remnants, and the value of spectro- 
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scopic observations of these objects was 
shown by Smith (ESTEC) who presented 
the first medium-energy spectrum of the 
supernova remnant W49B. The spectrum is 
dominated by a remarkably strong iron line 
with equivalent width 2 keV which may 
imply non-equilibrium ionization condi- 
tions within the X-ray plasma. 

By contrast with the attention given to 
galactic X-ray sources, extragalactic 
astronomy formed a smaller part of the 
programme, partly because the problems 
encountered with the imaging detectors 
have meant extensive rescheduling of 
observations but also because of the need 
to build up a good understanding of the 
background level in the medium-energy 
experiment before analysing data from 
weak extragalactic sources. Nevertheless, 
interesting imaging observations of 3C120 
(Maraschi, University of Milan), BL Lac 


Palaeohydrology 
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objects. (Maccagni, University of Milan) 


and flat-spectrum radio sources 
(Biermann, Max Planck Institute, Bonn) 
were presented, while Pounds (University 
of Leicester) showed the first X-ray spectra 
of active galaxies obtained with the 
medium-energy experiment and 
Branduardi-Raymont (Mullard Space 
Science Laboratory), the first EXOSAT 
images of clusters of galaxies. 

The early part of the EXOSAT mission 
has clearly been a success. The range of 
topics covered at Florence underlines the 
relevance of X-ray astronomy to many 
areas of astrophysics, while the en- 
thusiastic participation at this meeting 
surely points to the rapid growth of this 
field in Europe. C] 


ESNIPS AA recta eee A ee ee 
Mike Watson is in the X-ray Astronomy Group 


at the University of Leicester, University Road, 
Leicester LEI 7RH. 


Clues to past climate in river 


sediment 


from Peter D. Moore 


IT is estimated that 40,000 km? of water, 
carrying perhaps 15,000-20,000 million 
tonnes of suspended material, run off the 
Earth’s continents each year'. Global 
figures fail to indicate, however, the very 
high level of variation found under a range 
of local conditions. Sediment yield varies 
with the ease with which underlying geo- 
logical materials are eroded, with topo- 
graphical relief, which controls the energy 
of moving waters, with climate, which 
influences the total amount and temporal 
distribution of water movements and with 
the vegetation, which varies in its capacity 
to stabilize a substrate. So palaeoenviron- 
mentalists have often looked to river 
alluvium as a source of information on 
changing conditions in the past?”. 
Sedimentation rates and the textural 
quality of sediments vary with conditions 
in the catchment, but it is difficult to 
identify the cause of change because of the 
complex interactions of many factors 
within the environment. Probably the most 
influential factor subject to short-term 
variation is the structure of vegetation, 
which is obviously very sensitive to human 
land use. Sundborg', for example, quotes 
data from Tanzania where, in areas of 
ungrazed scrub vegetation on a 3.5° 
gradient, only 0.4 per cent of the total 
rainfall is lost by runoff and erosion is 
effectively zero. If this vegetation is 
replaced by grass, there is still no erosion 
but runoff rises to 1.9 per cent of incident 
rain. With arable agriculture, in the form 


of maize, however, 26 per cent of the rain is 


lost as surface runoff, carrying with it 78 


tonnes of sediment per hectare of 
-= catchment; and in fallow arable, 50 per 


cent of the rain is lost and 146 tonnes of 


sediment eroded per hectare. Such figures 
are informative if land use, and therefore 
vegetation, is the only variable under 
consideration. 

Variation in climate will have a further 
pronounced effect on runoff and sediment 
yield, as has been shown by the recent work 
of Finley and Gustavson in Texast. They 
have been particularly interested in the 
influence of storms. In a study area where 
mean annual precipitation is about 
400-500 mm yr~!, a single thunderstorm in 
May 1978 brought 71 mm of rain in three 
hours, with a maximum intensity of 64 mm 
h! over a half-hour period. The resulting 
erosion led to a downcutting of the sandy 
soils at one point by 62 mm and the material 
was redeposited further down the valleys in 
the form of sand and gravel bars and fans. 
From exposed sections of similar alluvium 
in canyon walls it was possible to estimate 
an overall deposition rate of 3 m in 
2,100~2,600 yr, but clearly deposition had 
not been even. A gravel lens of 10 em thick- 
ness found within the sequence could easily 
have been deposited during a single storm. 

Observations of this type serve as 
cautionary tales for geoarchaeologists 
attempting to interpret a sequence of 
alluvial sediments. A recent example is the 
work of Butzer, Miralles and Manteu’ at 
the site of Alzira, near Valenciain Spain. In 
the eleventh-century, the site was an Islamic 
city which was almost completely sur- 
rounded by a meander of the Rio Júcar 
river, which has now been cut off and 


remains as an infilled oxbow lake. The | 


basal layers of the excavation, at adepth of 


5 m, are clayey silts, which contain very little 
sand and are archaeologically sterile. Above | 
450 cm, the sand content increases grad- | 
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ually to about 25 per cent at 270 cm, above 
which there is a further abrupt increase, 
together with evidence of dwelling con- 
struction. Yet more sand builds up above 
about 150cm depth. 


To assist in the interpretation of the * 


deposits, modern samples were collected 
from a variety of local sedimentary 
environments with known depositional 
characteristics and were compared with the 
fossil samples in terms of particle size and 
sorting parameters. In this way, the sedi- 
mentary history of the site has been recon- 
structed. 

At the base, conditions were of a low- 
energy type, with steady deposition and no 
evidence of erratic floods. Regular 
flooding occurred during the mid-eleventh 
century, coincident with the building of the 
city walls, culminating in high-energy 
floods in the late eleventh century. Sudden 
changes in the sand content above about 
270 cm are due to further construction at 


the site. The dwelling had to be abandoned 


eventually, however, because of catas- 
trophic floods in the sixteenth and seven- 
teenth centuries, leading to the deposition 
of the sand-rich sediments at a depth of 
100-150 cm. 

The story, therefore, is one of stable low- 
energy conditions being replaced in the 
eleventh century by increasingly severe 
floods which probably continued into the 
twelfth and thirteenth centuries. Subse- 
quently, there is evidence for infrequent, 
but catastrophic, flooding. The question 
remains, however, whether the changing 
hydrological circumstances resulted from 
alterations in human land use or from 
anomalies of climate. 

The fact that, after the eleventh-century 
floods, conditions never fully reverted to 
the stability of the tenth century, has led 
Butzer and his co-workers to suggest that a 
permanent change in the nature of the 
catchment had been brought about, most 
probably because of deforestation during 
the Islamic occupation of the area. The 
more recent incidence of irregular catas- 
trophic floods is accounted for in terms of 
climatic anomalies whose effects have been 
amplified by the unstable state of the flood- 
plain, which was the result of both the 


| earlier deforestation, itself, and consequent 


aggradation in the upper part of the valley. © 
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Oncogenic intelligence 


from Inder M. Verma 





THE discovery of kinship between retro- 
viral oncogenes (v-onc) and their cellular 
homologues or proto-oncogenes (c-onc) 
has caused much of the recent excitement 
in cancer research. The precise mode of 


acquisition of cellular sequences by | 


retroviruses remains obscure, but clearly it 

is an exceedingly rare event. To date nearly 
-.. 20 unique v-onc genes have been isolated 
“and characterized extensively. One such 

‘oncogene, fos, has been identified as the 

‘transforming gene of FBJ murine 

osteosarcoma virus (FBJ-MuSV) which 
was isolated from a spontaneous tumour in 
a CFI mouse !?. 
-FBJ-MuSV. proviral DNA contains 
‘ 4,026 nucleotides which include two long 
terminal repeats (LTRs) of 617 nucleotides 
each, 1,639 nucleotides of acquired cellular 
sequence (v-fos) and a portion of the env 
gene encoding the viral envelope protein? 
(see Fig. 1). The acquired sequences encode 
a v-fos protein of 381 amino acids, with a 
calculated molecular weight of 41,601. In 
cells transformed by FBJ-MuSV, a phos- 
phoprotein of apparent molecular weight 
$5,000 (on SDS-PAGE) has been identified 
as the transforming proteint. The discrep- 
ancy in size is probably due to both phos- 
phorylation and the unusual amino acid 
composition of the fos protein (10 per cent 
proline) which. enables it to be extensively 
folded. 

Using v-fos-specific sequences, c-fos 
genes have been isolated from mouse and 
human cells and their complete nucleotide 
sequences determined?°. The predicted 
mouse and human c-fos proteins differ in 
only 24 of their 380 amino acids. The 
sequences in c-fos that are homologous to 
v-fos are interrupted by four regions of 
non-homology, three of which represent 
bona fide introns. The fourth, 
104-nucleotide, region, which is present in 








both mouse and human c-fos genes, is not | 


an intron but part of the c-fos coding 
sequence; nevertheless it has evidently been 
deleted during the genesis of the v-fos gene 
with a consequent shift in the reading 
frame. The result is that all but 5 of the first 
332 amino acids of the c-fos and v-fos 
proteins (380 and 381 amino acids, 
respectively, in total) are identical but, 
because of the out-of-frame deletion, their 
C-termini are quite different (Fig. 1a). 
FBJ-MuSV presumably arose by 
recombination between c-fos sequences 
‘and FBJ murine leukaemia virus (FBJ- 
MuLV), probably through a 5-nucleotide 
sequence they share at a position cor- 
responding to the 5’ end of v-fos and 10 
out of 11 nucleotides they share at the 3’ 
end (Fig. 1b). Sequences involved in 
recombination at the 5’ end lie in the 
. untranslated region of FBJ-MuLV and 
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immediately downstream from the predict- 


ed 5° end of c-fos mRNA. At the 3’ end, 


they involve the p15E region of the FBJ-— 


MuLV env gene and the 3’-untranslated 
region of the c-fos gene. The 104-base pair 
sequence in the c-fos gene that is missing in 
the v-fos sequence is bounded by a 


 3-nucleotide inverted repeat which could 


have been looped out in the formation of 
FBJ-MuSV. 

Despite their differences at the 
C-terminus, the v-fos and c-fos gene 
products are both located in the nucleus‘. 
Furthermore, the altered C-terminus of the 
v-fos protein does not appear to be what 
determines its ability to transform 
fibroblasts in vitro, since the c-fos gene can 


be activated to transform fibroblasts 


without altering the coding region. Two 
manipulations are required to activate 
c-fos genes: a transcriptional enhancer 
element (contained in the LTRs) has to be 
linked to the gene and an interaction 
between the C-terminal coding and 
downstream non-coding sequences, which 
seems to inhibit c-fos expression at the level 
of translation or RNA maturation’ , has to 
be disrupted. 


5‘RECOMBINATION 
JUNCTION 


b 5! 


PBJ-MuLV 






FBJ-MuSV 


c~ fos (mouse } 


Fig. 1. a, Molecular architecture of FBJ-MuSV proviral DNA and mouse c-fos gene. FBJ- 
MuSV is shown at the top. The large open box indicates the acquired cellular sequences; solid $ 
bars, initiation and termination codons of v-fos proteins; the hatched box, the C-terminal 49 i 
amino acids of v-fos protein encoded in a different reading frame because of deletion of 104 
base pairs of c-fos sequence; bold lines, 5' and 3’ recombination junctions. The position of 


FBJ-MuSV. Here, then, is the 


different C-termini, they have 
subcellular location” and. 
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Expression of the c-fos ger 
mentally regulated, -Durin 
development, it is expressed a 
only in the extra-embryon: 
(amnion, chorion and placent 
c-fos protein has been found in the 
of normal mouse amnion 
concentrations that are equival 
of v-fos protein in cells tran 





although v-fos and c-fos pr 


transform fibroblasts in vitro; ye - 
cells expressing high levels of c- Fos protein e 
in their nucleus are not morphologically 
transformed. I submit that normal cellular __ 
fos protein can induce transformation oo 
when it is expressed in an inappropriate oe 
cell, ep 
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piSE protein is indicated. In the c-fos gene below, the stippled boxes are the exons. The __ : 
104-base pair sequence that has been deleted in v-fos is indicated by a triangle. Unlike the 1 


v-fos protein, the ca fos protein terminates at a TGA codon. The position of the TAG codon F 
ain terminator for v-fos protein is shown by an arrow. b, Nucleotide | ` 
and 3’ junctions of FBJ-MuLV, FBJ-MuSV and mouse c renee Shared i A 
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Multiple-organ autoimmunity 


Sir — Autoimmune diseases affecting the 


thyroid, parathyroids, adrenals, stomach 


and pancreatic islets are genetically assoc- 
iated' and patients with a disease affecting 


-© one of these organs show an increased 


prevalence of diseases affecting others, as 


do their close relatives. This observation — 


has given rise to the rather obvious 
suggestion that some patients may produce 
autoantibodies that recognize antigenic 
determinants which are common to two or 
more of these organs’. Recent studies, 
reported in Nature, showing that virally- 
induced monoclonal antibodies in mice 
sometimes cross-react with several organs 
have given renewed prominence to this 
explanation. 

We have carried out extensive 
absorption studies to determine whether the 
simultaneous occurrence of two or more 
auto-immune diseases in one patient can be 
explained simply by autoantibodies which 
cross-react with the different organs 
involved. Sera containing autoantibodies 
reactive with two autoantigens were 


absorbed with one of those antigens and |. 


then tested for residual activity against that 
antigen and also against the other. The 
combinations tested were: thyroid micro- 
somal autoantibody (TMaab) and gastric 
parietal cell autoantibody (PCaab); 
thyroid stimulating autoantibody (TSaab) 
and TMaab; thyroglobulin autoantibody 
(TGaab) and TMaab. In none of these 
cases could we find the cross-reaction 
predicted; thus the autoantibody does not 
explain co-occurrence of these diseases. 

This does not, however, indicate that 
cross-reactions between multiple tissue 
antigens never occur. On the contrary, 
there is striking evidence that some of the 
autoantibodies observed in systemic lupus 
erythematosus (SLE) recognize antigenic 
determinants occurring in a variety of 
seemingly unrelated molecules has 
provided a great simplification of a disease 
which was formerly bewildering’. 

Further evidence against the simple 
cross-reaction explanation. is the 
discordance in time of onset of multiple 
autoimmune diseases in individual 
patients'. If cross-reactivity were the 
explanation, one might expect that in 


patients with two autoimmune diseases, | 


both would appear simultaneously; this is 
-not usually the case. Thus in only 10 per 
cent of 113 patients with both Addison’s 


-< disease and insulin-dependent diabetes did 
` . both diseases present simultaneously; the | 


average interval in the remainder was 
nearly 6 years’. Similarly, in a series of 
patients with pernicious anaemia and 
Graves’ disease, the mean interval between 


diagnosis of the two conditions was 3.3- 
years with a range of 0-9 years®. These | 
observations point to the likely role of 


somatic mutation in generating the 


immune diversity required for reaction. 
with these diverse autoantigens and suggest. 





that the genetic influence must act on 


‘precursors of the pathogenic clones rather 


than on the clones themselves. 

Advocates of ‘‘disordered immune 
regulation’’ notwithstanding, it seems 
obvious that specific autoimmune diseases 
must be a consequence of an unfortunate 
clonal specificity within an individual’s 
immune response repertoire’. On this view, 
individuals not genetically predisposed to a 
particular disease will either have deleted 
the precursor of a particular forbidden 
clone or will possess anti-idiotypic clones 
capable of deleting the forbidden clones as 
they arise. | 

A corollary of this view is that in patients 
with multiple autoimmune diseases, the 
pathogenic clones are likely to have arisen 
by separate somatic mutations from a 
common precursor, or from separate pre- 
cursors which share idiotypic deter- 
minants', thereby explaining why such 
diseases do not usually appear simul- 
taneously. Sharing of idiotypic deter- 
minants between antibodies directed 
against closely related antigens seems most 
probable even though cross-reaction is not 
apparent in the paratopes of such 
antibodies'. We predict that this is the key 
to understanding the occurrences of 
multiple autoimmune diseases in 


individual patients. 
JOHN G. KNIGHT 


ALLISON KNIGHT 
Otago University Medical School, 
PO Box 913, 
Dunedin, New Zealand 
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Supernovae and life 


Sik — Rubenstein et al.' have suggested 
that optical synchrotron emission from 
supernovae might be substantially circu- 


larly polarized. However, the optical 


emission from the Crab Nebula has < 1% 
circular polarization’’, and there are 
simple reasons for believing that naturally 
occurring synchrotron emission from 
extremely relativistic electrons will have a 
very low degree of circular polarization. 


_ The synchrotron emission from an 


electron is confined within a cone, approxi- 
mately aligned with its instantaneous 
direction of motion, and having a half- 
width of ~ (mc*)/E (rad). For electrons 
emitting in the visible, even if the field is as 


high as 10G, (m@)/E = 10°. The emission 
. from a single electron is 100% polarized — 
“linearly polarized near the axis of the 
- emission cone, RH elliptically polarized on | 
the side of the cone towards the direction of |. 
-magnetic field, and LH elliptically polar- 


‘| raise points of a rather technical | 
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ized on the opposite side*. At the half- 
power points the degree of circular polar- 
ization is about 0.4. 

The synchrotron emission from a group 
of relativistic electrons will have these sam: 
polarization properties only if the ‘‘pitc 
angles’’ of the spiral motions of the 
electrons all lie within a range which is less 
than the width of the emission cone of a _ 
single electron — that is, <(mc*)/E. This 
condition is evidently satisfied for 
electrons in accelerators where consid- 
erable care is taken to ensure that the 
electron pitch angles are closely equal to 
90°. It is unlikely to be true in supernovae. 

When the range of electron pitch angles 
is large compared with the width of the 
individual emission cones, the radiation 
emitted in a particular direction comes 
almost equally from the RH and LH 
polarized sides of individual emission 
cones. The circularly polarized component 
is thus largely cancelled and the resulting 


degree of circular polarization becomes’ = 


O(mc*)/E. 

In summary, if synchrotron emission is 
to be substantially circularly polarized the 
pitch angles of the electrons must be 
confined within a range less than the width 
of the emission cone of individual 
electrons: this includes the special case 
discussed by Epstein®. For extremely rela- 
tivistic electrons the emission cone is so 
small that it is unlikely that this condition 
will be met in astronomical objects. 
Substantial circular polarization can arise 
when the electrons are barely relativistic 
and the emission is at low harmonics of the 
gyro-frequency’ (‘‘gyro-synchrotron”’ 
emission). Since strong magnetic fields are 
believed to result when stars collapse, gyro- 
synchrotron emission might possibly 


provide Rubenstein et al. with a source of `} 


circularly polarized radiation in super- 
NOVES: J. A. ROBERTS 


Division of Radiophysics, CSIRO, 
PO Box 76, 
Epping, NSW 2121, Australia 
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Thermodynamics and the end of 
a closed Universe 
S. A. Bludman 


Department of Physics, University of Pennsylvania, Philadelphia, Pennsylvania 19104, USA 





If the Universe is closed and began with low entropy, it began without an initial singularity in an unstable de Sit 
Because of the irreversible nature of the processes, when this closed Universe ultimately contracts it will not bounce, : 
will go into a ‘final crunch’. In this final reheating, symmetry will be restored, but the contraction will never become _ 
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deflationary, A closed Universe therefore lives only once, and can start with a whimper, but goes out with a bang. oe 


Two most important conceptual (and ultimately practical) ques- 

tions in cosmology are whether space is closed (positive cur- 
-vature k = +1) or open (negative curvature k = ~1 or flat k = 0) 
.. and whether the present expansion will continue monotonically 
f> or reverse itself some time in the future. In a universe with 
"= vanishing cosmological constant (Friedman universe), which 
may be the case in our Universe now, an open universe will 
expand monotonically and a closed universe. will be ultimately 
reversing. Here, we begin by reviewing significant recent limits 





on the cosmological parameters Ao, go, Qo, Ho, assuming only . 


global homogeneity and isotropy, but not A, = 0 or flatness. We 
show that, so far as present observations are concerned, the 
Universe may be open or closed, monotonically expanding or 
reversing. We then show (in agreement with Guth and Sher! 
but not with Petrosian?) that even if the present expansion were 
to reverse, the Universe cannot bounce in the future, but must 
end in a ‘final crunch’. Our proof does not depend on particle 
physics, but follows directly from conventional thermodynamic 
stability requirements’ in any gravitational theory incorporating 
the newtonian limit and the equivalence and Birkhoff principles. 
Finally, we show that if space is closed and the Universe began 
with low entropy, then it had to begin, not with a big bang, but 
with a non-singular tepid little bang’. 

Throughout this article, we assume global homogeneity and 
isotropy and conventional thermodynamics. We do not consider 





quantum gravity or gravitational entropy associated with matter — 


clumping. The only gravitational law we assume is the Friedman 


equation 
7 a\? 8HrGp k 
w= (5) "g a (1) 


for the rate of expansion or contraction of a homogeneous 
isotropic universe. In this equation, p = p +p, is the total mass 
density of matter or radiation (p) plus vacuum (p,) and k =0, 
+1 is the spatial curvature index. Equation (1) must hold in any 
_ gravitational theory that becomes newtonian in the non-rela- 
_. tivistic limit and that incorporates the equivalence and Birkhoff 
_ principles*®. It is hard to imagine any fundamental gravitational 
theory, including a (future) theory of quantum gravity, in which 
equation (1) would not hold for a homogeneous isotropic 
cosmology. 
Our thermodynamic assumptions are as conservative as our 
_ gravitational assumptions. Following Einstein’, we assume that 
_ Classical thermodynamics “is the only physical theory of uni- 
versal content concerning which I am convinced that within the 
framework of applicability of its basic concepts, it will never be 






V ~ a°, we assume dE + ñ dV =0, or in terms of energy density 
E/V =€, dé=—(€+p)dV/V. From equation (1) we then 
obtain a 
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-the relativistic term following simply from £ = pc”. Since w 
treat only a homogeneous isotropic universe (vanishi 


overthrown”. For the energy and pressure in co-moving volume 


; so that Q> 1 in the distant past and 0 in the far future 


pl esent epoch, Ay~ 0, Qo = 1 is necessary. 












tensor), we ignore gravitational clumping or black hole forma- 
tion or evaporation: we do not introduce any ‘gravitational _ 
entropy”. Because we assume conventional thermodynamics, 
the ordinary entropy cannot decrease. Since the expanding or : 
contracting universe is not in true thermal equilibrium, the usual 
thermodynamic inequalities need not apply. Nevertheless, _ 
although temperature and other thermodynamic quantities are __ 
strictly defined only near thermal equilibrium, we do deal with 
metastable states and calculate the changes in entropy between 
states that are assumed to be nearly in equilibrium. See 

Our assumption of conventional thermodynamics requiresthe 
approach to equilibrium as the universal expansion slows down 
and the material density decreases. This assumption of 
asymptotic equilibrium is therefore equivalent to the vanishing __ 
of the cosmological constant in the present cold, low-density 
phase. Classical thermodynamic stability therefore requires that 
a contracting universe does not bounce and that the present __ 
cosmological constant vanishes. ae 


The present Universe 


In this section we review the observational data on maximum __ 
redshift, acceleration, matter density, Hubble constant and age 
of the present Universe. This review is motivated by the _ 
improved limits for No and t and by the predictions of inflation- LS 
ary theory. We assume only a homogeneous isotropic Universe, 
but do not assume vanishing cosmological constant, open space 
or a big bang. We find that the observations are consistent with, 
but do not require, Ag~0 and Q)~1. In any case, space may 
be open or closed and the present expansion may continue 
monotonically or be reversed. 5 T 
From equations (1) and (2), the scale-invariant matter density _ 
0 = 20 = p/ pcr = 89Gp/3H", vacuum density A = p,/pex anc 
deceleration have the present values (subscript o) = 












Jo = 329 — Ap = Oo — Ào 


The factor 3 arises because, in the present Universe, we. 
neglecting radiation pressure so that p = po(ap/a)°. In term 
redshift 1 +z = ag/a, these quantities evolve as | 


Por =P tpt (pero p> py)(1 +z)? di 
(H/ Ho)? = Oo(1 +z)? + Ag+ (1 ~Qo— Ag)(1 + zy. 


0/9 = (1+ 2)/[Qg(1 +z) + Ag+ (1p Ag) 1+ z)?] 


near flatness of the present Universe is to be insens 


Fora 
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Because the Universe has expanded and cooled at least since 
nucleosynthesis at a/aọ=x<107"°, H?xas—qo) x*+ 
(1-30 9-q0)X +20 must remain positive for 0<x<1. For 


k <0 (1-—309-qo20) this requires a> qo, but for k>0 (1-— 


30 9~ Go <0) this requires 7) > og where 


| 27( 0% qo) OE = (302 - Go~ 1)” (7) 
or 


1 
o= Oe gtit (go+ 1)(qo—1/3)] (8) 


© Conversely, for each op the right-hand side of equation (8) 
. furnishes a lower bound q_(o 9) and an upper bound Ap(og) on 
“Qo, A. If co < 0.06, 0.12, 0.42, 1.53, the present acceleration and 
cosmological constant cannot exceed ~qeg = 1.33, 1.5, 2, 3, Ag = 
1.4, 1.6, 2.4, 4.5, respectively. For any reasonable value of the 
present matter density, the present cosmological constant, even 
if not zero, is small enough to have negligible effect on gravita- 
tional dynamics on all but the largest cosmological scales. 
Integrating equation (5) 


; dx 
Holo= | a) 
XW Qox +(1-Qg— Ag) tAox 


is the time since the Universe expanded from minimum scale 
QoXq- The requirement that the Universe has expanded at least 
by 101° makes xm negligibly small or zero. With small corrections 
- for the vacuum- and radiation-dominated epochs preceding the 
current matter-dominated epoch, t is practically the age of the 
Universe since the big bang or since the last bounce. Figure 1 
shows Hoty as function of log Co for fixed qo. Along the dashed 
line k=0 (Ap tQo=1) 
Hoto = g(Qo) = 3437 tanh™ Ag”? 
= 3(1—~MQp)7*/* sech "0.5/7 (10) 
Hoty 2/3 for Ag=0 and 1/3 (In 2—In op) for Qo = 2a9« 1. 
The heavy line in Fig. 1 separates universes which (because 
of positive space curvature or negative cosmological constant 
in equation (5) will ultimately reverse their expansion from 
those which (because of negative space curvature or positive 
cosmological constant) expand monotonically. The equation of 
this heavy line is Ay = Ag(@o) for Qo > 1 ( Hoto < 2/ 3) and Ào = 0 
for Vg <1 (Hot o> 2/3) in which case 


Hoto = f(a) = (1-200) 
~ G( 1-209) 77? cosh” (og —1)<1 (11) 


The curves for zero curvature (10) and zero cosmological con- 


= stant (11) cross at Qo =1, Hotp=2/3. If Hotg> 2/3, a closed 


space must expand monotonically, but an open space expands 
monotonically for Ag>.0, and reverses for Ay) < 0: if No > 1, this 


-> requires that the universe be closed, nevertheless monotonically 


- expanding; if Q9< 1, the expansion will be reversing for 2/3 < 

 Hoto<f(e9), monotonic for f(a) < Hoto. 

. . Because of equations (4) and (9), a homogeneous isotropic 

cosmology is determined by any two of the four dimensionless 

> parameters Qo, Ag, go, Holo. Of these, the deceleration qo is 
least determined and the dimensionless age Hoto is best deter- 


= mined. Years of study of the Hubble diagram show®’°”* that 


the apparent deceleration is >1/2 so that, with reasonable 
corrections for dynamic and stellar evolution, the true acceler- 
ation is probably qọ> —1.0. This equivocal evidence does no 


more than suggest that any cosmological constant |A9| cannot 


> be large compared with oo and that the Universe is at least 
< approximately flat. | 
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Fig. 1 Dimensionless age of the present Universe as function 
of dimensionless present density Q = 20). and. deceleration. 
do= %~Ao. Below (above). the dashed curve Hotg= gfo) the 
Universe is open (closed). Below (above) the heavy solid curve 
Hoto = f(ao) the expansion is reversing (monotonic). The shaded 
region is that allowed by Qo > 0.1, go> —1.0 and ty > 12 Gyr. 


or if these clusters are not virialized, these dynamical values for 
No are only lower limits. The limits gg < —1.0, Qo > 0.1 derived 
from the Hubble diagram and dynamical measurements define 
the two upper boundaries for the shaded region in Fig. 1. 
Hoto <1.5 if go> —1 and indeed <1.1 if qo > —0.5. 

The age of globular clusters (f= 18+ 2 Gyr (ref. 13), 1543 
(ref. 14) or the nucleochronological age of the Galaxy’? (tọ = 
20.8*2 Gyr) would now determine the cosmological model if 
only the systematic discrepancy in the reported values Ho= 95+ __ 
5 (refs 16, 17), 82+ 10 (ref. 18), 52+6 (ref. 19) kms’ Mpe™ 
for the Hubble constant could be resolved. These measurements — . 
of to, Ho define the lower boundary 0.63< Hof) in Fig. 1. | 
Although Hot)=1.17+0.3 would be consistent with all 
measurements, the quoted errors make the measured values of 
Ho mutually exclusive. We therefore discuss separately the 
implications of the two extreme values for Hp. 

If Hyo=95+5kms"' Mpc! (refs 16, 17) (Ho'=10.3+ 
0.5 Gyr) so that Hoto = 1.6+0.5, then the Universe must be 
presently vacuum-dominated (Ag > No~ 0.1) and accelerating 
(—qo*Ag> 1/2); although space may be closed, the present 
expansion will continue monotonically. This large value of Ho _ 
is inconsistent with go> —0.5 or Qy > 0.3 and with inflationary _ 
theory which requires Ay = 0, Qo= 1. 

On the other hand, if Hy=52+6kms™'Mpc™! (ref. 19) 
(Hj! =18.8+2.2 Gyr) so that Hotp=0.88+0.25, then 0.2< — 
Q <2 and only a reversing universe of negative curvature is 
excluded: if gy ~ 0.5, then Q,~0.1 and Ay <0 so that, although 
space is open, the present expansion will reverse itself; if qo < 0.3 
or Qo > 0.2, then Ay > 0 and the present expansion will continue = 
monotonically, whether space is open or closed. The lower value 
of Hp allows flat space and allows Ap = 0 if D5 0.1 or if Q=} 
and tj =4H,g' =12.541.4 Gyr. eats a 

For either value of Ho, if Q9> 0.2 a closed space is possible. 
Indeed, space must be closed if Q)> 1 and/or Hot) > 1.3. oY 

While an age to = 11.5+0.5 Gyr would be consistent with flat 
space for either value of Ho, the lower value of Hy then requires 





+ 


Qo = 1, Ao =O and the larger value requires % = 0.2, Ao= 0.8. 
The inflationary scenario?” builds on the premise that th 
is no temporary accid 
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e matter plus vacuum energy densities to remain close to 
cr over a broad range of epochs requires that Aj =0, Qo= 1, 
[oto = 2/3. Most inflationary theories assume not only Aj =0 
_ exactly but also that the Universe started with a big bang. These 


two assumptions are so far as much articles of faith as once 


were Einstein’s contrary assumptions of a cosmological constant 
and closed space. Nevertheless, the remainder of this article 
assumes that at present Ap>=0 and Q)~1, but considers the 
possibility that Qy slightly exceeds unity so that space is closed. 


Expanding and contracting universes 


We now consider the dominating gravitational effects of the 


huge cosmological constant induced by elementary particle sym- | 


metry restoration in the very early and very late universes. 

In the present Universe, elementary particle symmetty is 
hidden by the presence of several order parameters o which 
‘break’ the symmetry. In the early hot Universe (T > T.), these 
order parameters vanished so that the present hidden symmetry 


was unbroken. As the Universe expanded and cooled below 


T,~ a, the Lorentz-invariant vacuum (elementary particle 
ground state) underwent a series of phase transitions, each with 
the release of a huge latent heat density L~ m,*, where My is 
the mass acquired by the gauge bosons in this original first-order 
phase transition. For grand unification theories (GUTs) o ~ 
5x 10"* GeV, but if there was an earlier phase transition associ- 
ated with gravity, oy ~ mp, = 1.2 x 101° GeV. 

Just because the energy density of empty space (cosmological 
constant) is observed to be small or zero at present, it must 
have been huge in the very early and very late Universes, when 
its gravitational effects can be most important. In any particle 
theory in which symmetry is restored in the high-temperature 
phase, there must be a huge cosmological constant induced in 
the very early Universe and, if the expansion reverses, in the 
very late Universe. 

In order that the stress-energy 


TY’ = (e+ p)u“u” — pet” 


be, for the vacuum, independent of frame velocity u“, we must 
require at all temperatures (£ + p), = 0. Here g”” is the metric, 
(-1, —1, —1, 1) in Minkowski space. In the early Universe the 
matter density is negligible, so that the energy density and 
pressure can be projected into vaccuum and radiation parts 


E =E- 3p) +E +p) =e, tE (12) 


p= aE- 3p) +i E+ p) =p, +p (13) 


In the vacuum sector, all chemical potentials vanish, the free 
energy density f=(E-TS)/V=é~-Ts=—p, all pressures 
and energy densities are functions of temperature T only, and 
the energy density s=—df/dT. At every temperature, e(T)= 
3p(T)=4Ts, e(T)=—p(T)=}Ts+f. The vacuum energy 
dominates the radiation energy and £+3p<0 whenever the 
temperature falls below T, defined by ¢,(T,)=e(T,). In the 
vacuum dominated phase the total pressure p <—2p <0. 
At finite temperature the effective Higgs potential is 


Veald, T) = Vew(o)- G(¢, T) (14) 


where V.g() is the zero-temperature effective potential and 
G(¢, T) is a homogeneous function of fourth degree in 4, T. 
The order parameter o(T) is determined implicitly by 


Xer) 
nara as =0 15) 
( ad paiT} ( | 


and remains practically equal to its zero-temperature value o>, 


‘up to a temperature T, at which it rapidly goes to zero. 
The free energy density, f(T) = V.q(o(T), T) and the entropy 
density s = dp/dT =8G/9T, so that 


aG aVes 
Ts =4G (£) =46 g E 


ARTICLES— 


__ by superheating on rapid contraction becomes, on the contrary, 
- Suddenly unstable when the temperature heats up to T> at which. 
_ @(T) vanishes. Protracted supercooling generates a great d 
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Fig.2 In the vacuum sector the total pressure is aconvex function 
of temperature which, because of the vanishing cosmological con- ERE 
stant, vanishes at T=0. The discontinuity in s=dp/dT at tem- 
perature T, indicates a first-order phase transition. The heavy line 
shows the stable phase, the dashed lines the metastable phases. A 

vacuum-dominated Universe must have negative pressures oo oo 


The radiation pressure p=3(ġ *G)/aġp t = G, except during _ 
the phase transition. The vacuum energy density a A 


Vig 
e(T) =—p,(T) = v9g—-lo -f= 





do do (07t Ves 


depends only on Véq(o), specifically on the part that is: not : 
simply quartic in ¢. Petrosian? assumes the Coleman-Weinberg _ 


form 
4 
Veal) = e,(0) |1-() (1-4m*)| 
H 


and obtains £, = e,(0) [1 — (0 /T)"]. maa a 
During the phase transition, the vacuum energy density drops _ 
rapidly from one constant value ¢,(0) to another constant value 
0. This change in vacuum energy is determined by energy 
conservation de=Tds=3Td(e/T), so that dE = 
ged In (eT~*). If g(T), the effective number of massless degrees’ 
of freedom, is defined by ¢=(a?/15)g(T)T*, then de= 
pdin g, showing that the rapid decrease in vacuum energy is 
brought about by the decrease in the number of massless degrees 
of freedom during the phase transition. eee 
The stable phase is always the phase of minimum free energy 
or maximum pressure p = —f. In thermal equilibrium, the press- a 
ure p = p,+ p must be positive’? so that the vacuum-dominated 
de Sitter phase can be, at most, a supercooled state of metastable __ 
equilibrium. PORES i 
The free energy, and in our case the free energy density, is 
a concave function of T: the entropy density is an increasin 
function of T. Together with the vanishing cosmological c 
in the low-temperature phase, this makes p(T) aconvey 
of T vanishing at T = 0 (Fig. 2). This lets the supercooled pha se 
become vacuum-dominated as soon as T falls below T,, but the 
metastable superheated phase, because it has p > 0, must always 
be radiation or matter dominated. want 
Thus, in any contraction leading towards equilibrium, there - 
can be no vacuum dominance (deflation)*’. Even if the contrac- 
tion were to lead far away from equilibrium’, it seems likely 
that such a strongly irreversible process will raise the entropy 
2" to such a high value that there will be no bounce. Unless _ 
new laws (quantum gravity) intervene, a closed universe on- ie 
contraction undergoes an ‘ultimate crunch’. : a 
In fact, the metastable state reached by rapid expansion can 
inflate and supercool a very great deal before snapping back to” 
equilibrium. The metastable broken-symmetry phase reached’ 



























=> of entropy, but the entropy generated on contraction is limited, 

_ if equilibrium is ever re-established. 

-Some authors speculate about new gravitational effects in the 
Planck era allowing a closed universe to bounce repeatedly. We 

would argue that in any reasonable gravitational theory incor- 


> porating the equivalence and Birkhoff principles, the dynamical 


contraction of a homogeneous isotropic universe will still be 
governed by an equation like equation (1) so that our Universe 
cannot bounce in the future. Closed Friedman universes were 
once called oscillatory universes. We now appreciate that, 


»__, because of the huge entropy generated in our Universe, far from 
__ oscillating, a closed universe can only go through one cycle of 
expansion and contraction. Whether closed or open, reversing 
_ Or monotonically expanding, the severely irreversible phase 


_. transitions transpiring give the Universe a definite beginning, 
_ middle and end. | 


A non-singular origin? 

Before the first symmetry-breaking phase transition, the Uni- 
-= verse was dominated by the vacuum energy density ¢,(0) and 
_ the radiation energy density e = a{T*=;,27g'T*, where the 
effective number of massless degrees of freedom g’ > 100. The 
conserved total entropy 2’ =4a{(aT)° defines a length scale 





8rG = 
ai? = ea’? = 29(fa{)' 3543 ms? 


3 
and the vacuum energy a second length scale 


> 8G z 
b ? sa E€, ~ my mpt 


3 
Since my’ = 107*!*? cm, the mean of these two scales 
Ay = (apb)? =(ea*/ey)4~ al E 4 ms (16) 


is a very small scale at which e =e, and T = T,. The ratio of 
these two scales 





=æ (=) = 64r" (3) A ar3 E 
b 3 4a; mp 


~5a p EO my mp)" (17) 
is a dimensionless measure of the radiation energy or total 
entropy 2’ in the symmetric universe before the first phase 
transition. Along this initial adiabat, aT = constant = ay: Ty 
„Because almost all the entropy multiplication to the present 
<- value Zọ> 10% took place during the drawn-out inflationary 
< epoch of the later GUTs, we expect the initial entropy Y’ and 
.. @ to be small. The behaviour of the very early Universe depends 
critically on the spatial curvature k and on a. 
The Friedman equations 


897#G., (a) ($) 
z ki f +f M 
e s b, aj s 





(18) 
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show that there is always an inflection at a =ap when, at 


temperature T= T, we pass between radiation and vacuum __ 


energy dominance; á can vanish only if both k = +1 (spherica 
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universe) and a <1 (low entropy). Thus, for homogeneous ” 


isotropic radiation-dominated universes with positive vacuum — 


energy, there are two possibilities. 


(1) If the Universe is open (k =~—1) and/or a>1 (relatively : | | 
high entropy initial state), there can be no extreme in a. We 


have an inflectional Universe with a singular origin (hot big 
bang) at which £» e, This inflectional model in which the 
curvature term was insignificant in the early Universe, is the 
one advocates of the inflationary scenario usually have in mind. 

The present Universe already has entropy £o > 10°’. Even if 
it is closed and undergoes recontraction, reheating and symmetry 
restoration, œ will then be »1, so that as we saw in the preceding 
section the ultimate crunch can never be reversed. Nor could 
it have bounced in the past if it began hot or developed a great 
deal of entropy in a first contraction, so thata > 1. 

(2) If the Universe is closed (k = +1) and a = sin? 2¢ < 1.(low 
entropy initial state), then we might envisage a bouncing 
Universe where á = 0 at either 


a 1/2 wats Ife 
Imax * Ap tan á h, Tinin ag T, cot’ $ 


or at 


1/2 ES 4/2 
amin = ag cot o, Tmax = T, tan? e 


If there were a singular origin, the Universe would have 
remained very small (0<a<a,,,,<adg) and very hot (T= 
Tmin Ty), never becoming our present Universe. But it could 
have began with a > amin = ap, supercooled and vacuum domi- 
nated T= Tmar = T,< T,. This unstable initial Universe, which 
we call the tepid little bang*, would in the course of time undergo 
the first-order phase transitions to the present Universe. 
Thus, if the Universe is open or began with significant entropy 
(a> 1), it started in a big bang and later expanded into the 
unstable de Sitter phase. If the Universe is closed and (as seems 
reasonable) began with low entropy, it started non-singularly 
but already in the unstable de Sitter phase. In both cases, the 
subsequent GUTs inflation, baryosynthesis, nucleosynthesis and 
galaxy formation are the same. If the Universe is presently 
indeed nearly flat (as demanded by the inflationary scenario), 
then until the present expansion does or does not approach 
reversal, it will be practically impossible to distinguish between 


open big bang and closed tepid little bang universes. Until then, 


however, for those who prefer to maintain conventional gravita- 
tional and thermodynamic concepts, the tepid little bang enjoys 
the theoretical advantage of avoiding the initial singularity which 
would otherwise signal the incompleteness of Einstein’s theory. 
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Examination of 10 chromosomal rearrangements induced by foldback transposable elements in Drosophila demonstrate So 
that sequences located between two closely linked elements are frequently deleted. Rearrangements and recombination — i 









events occurring within or adjacent to a foldback element are also observed. The type and frequency of rearrangement ae 
generated depend on element structure and the organization of flanking DNA. ne 





THE rearrangement of DNA sequences is an important source 
of variability in eukaryotic genome evolution. Recent studies in 
prokaryotes, yeast, maize and Drosophila have implicated trans- 


Ht posable elements in the induction of chromosomal rearrange- 






ments’. We were interested in characterizing the structure of 
transposable element-induced rearrangements in a higher 
eukaryote in order to analyse the structure of rearrangement 
junctions, to determine which types of rearrangements are pref- 
erentially induced, and to learn more about rearrangement 
mechanisms. 

The foldback (FB) family of transposable elements in 
Drosophila is capable of inducing chromosomal rearrangements 
at high frequencies. At least three independent cases of genetic 
instability described in Drosophila are caused by FB elements, 
suggesting the importance of these elements in generating new 
sequence arrangements’. FB elements are dispersed, middle 
repetitive DNA sequences with long inverted repeats at their 
termini*°. These inverted repeats vary in length, and are com- 
posed of many small, tandemly arranged imperfect direct 
repeats’. The presence of long inverted repeats distinguishes 
FB elements from other characterized Drosophila transposable 
elements, Ty/ in yeast, and retroviruses’. 

We have used the white-crimson (w°) mutation of Drosophila 
to screen for phenotypically detectable chromosomal rearrange- 
ments induced by an FB transposable element. This genetically 
unstable mutation is a recessive allele of the X-linked white eye 
colour locus, and was isolated as a partial phenotypic revertant 
of the mutant white-ivory (w’) allele’. The wt mutation results 
from the duplication of 2.9 kilobases (kb) of DNA within the 
white locus®. The w° mutation results from the insertion of a 
10-kb FB element into the w‘ duplication (Fig. 1)*°. This FB 
element insertion is Fesponsible for the mutability and darker 
eye colour of the w° allele’. 

w°“ mutates at a frequency of > 1 in 10° X chromosomes to 
novel phenotypes, of which the most frequent classes are wild- 
type, white-ivory and white-eyed derivatives. Reversion of w° 
to a wild-type phenotype occurs by an apparent recombination 
‘between the two flanking copies of the w' duplication, while 
reversion to white-ivory is mediated by precise excision of the 
FB element™!°. Cytological analysis of white-eyed derivatives 
indicates that at least some of these contain large deletions 
flanking the white locus’. 

We have examined the structure of 10 white-eyed derivatives 
of w° in order to elucidate chromosomal rearrangements 
induced by FB transposable elements. All 10 mutations were 
independently derived and selected for male viability and fer- 
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Massachusetts 02115, USA (M.C.); Department of Biochemistry, Uni- 
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tility. This selection eliminates any large Via since there a 
are essential loci closely linked to white’? : 


Deletions 


We screened all 10 chromosomes for alterations in white locus ee 
sequences by hybridizing genomic DNA blots with probes 
derived from the wild-type white locus, and found that 6 of the 
10 chromosomes contained deletions. In all six cases, sequences 
to the right (centromeric) side of the insertion are conserved, 
while sequences directly adjacent to the w° insertion and extend- 
ing to the left (telomeric) side of the insertion are deleted | 
(Figs 1, 2). 

In all six cases the left deletion break point is contained within k 
a 3.5-kb BamHI-Poull fragment 14 kb to the left of the w°- 
insertion (Fig. 1). We examined this break-point region further 
to determine if a second FB element was present in the woo 
chromosome. This region was isolated from a w‘ background ee 
in a recombinant phage, and compared with the same region 8 
isolated from a wild- -type chromosome’? . Fragments containing - 
the break-point region from the w° background are ~2kbo _ 
larger than homologous fragments from the wild-type chromo- 
some. Furthermore, fragments from the break-point region 
hybridize to an FB element probe only when isolated froma 
w° background; homologous fragments from the wild-type. aS 
chromosome do not hybridize (Fig. 3). This indicates that the 
w° chromosome contains an additional FB element insertion _ 
~ 14 kb to the left of the w“ insertion. Homologous recombina- 
tion between the w“ insertion and this closely linked FB element a 
is the most likely mechanism for the generation of our six 
deletion chromosomes. a. 

Recombination between two FB element could occur at any 
of the homologous directly repeated sequences within the inver- 
ted repeats, leaving behind new FB elements of various lengths. _ 
The w° FB element insertion has inverted repeats 2.2 and 3.4 kb. 
in length, which are separated by a 4.0-kb w° ‘middle’, a low 
copy number sequence which is not homologous to the inverted 
repeats (Fig. 1)°. Recombination events involving the right 
inverted repeat of the w“ insertion should delete sequences from 
the w° middle, while those involving the left inverted repeat 
should leave these sequences intact. We have detected both 
types of rearrangement (Fig. 1). Size estimates of the new FB 
elements generated by these deletions were made by measuring 
the distance between restriction sites which flank the residual 
elements; the distance from the Pvull site marking the left ` 
deletion break point to the conserved Xbal site on the right of 
the w° insertion varies from 3.5 to 10.5 kb in these six deletion ~ 
derivatives (Fig. 2). These sizes are within the range predicted > 
by a recombination mechanism. We have directly demonstrated `. 









that FB element DNA remains at the deletion break point for a 
one derivative; the break-point region of this derivative isolated 
in a recombinant plasmid hybridizes to an FB eleme 


probe 





(Fig. 3). 
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Fig. 1 Restriction maps of the white locus region from wi, w° and six deletion derivatives of w°. Hatched bars on the w° and w° maps 
indicate regions duplicated in w‘. The solid bars represent the terminal repeats in the w” insertion; the stippled bar represents the w° middie, 
a sequence within the insertion which is not homologous to the inverted repeats. Maps of the deletion chromosomes are shown below the w” 
map. Conserved regions of the deletion chromosomes are indicated by the solid lines drawn with respect to the w° map; broken lines indicate 
uncertainty in the break points and deleted sequences are indicated by the absence of lines. Maps of the deletions were determined by DNA 
blots of digests of genomic DNA carried out as described previously’. The Sacl site marking the left terminus of the w° insertion is deleted 
in all six deletion chromosomes. The 9’ and 3’ limits of the wild-type white locus transcript are indicated by the arrows positioned above the 
wi map”. The two Poull sites on the w° map are shown with asterisks to indicate that Poull sites on the w° map have not been mapped 







throughout the entire DNA segment shown. The brackets above the w' map show the location of hybridization probes used in experiments 

described. The Poull fragment probe was isolated from a w° background; all other probes are from a wild-type background'*. Derivatives 

of w* were all isolated independently as spontaneous mutations from either a homozygous y? w® spl stock or from y? w° spl males carried 

with C(1)DX, y w f females. Derivatives were maintained as hemizygotes or homozygotes on standard Drosophila medium’. All w° derivatives 

are named with standard Drosophila nomenclature, where the year and month of isolation are indicated by the first two numbers and the 
letter, respectively. 


Fig. 2 Examples of blot hybridization of 
deletion chromosomes probed with se- 
quences from wild-type white locus region. 
a, Deletion of sequences to the left of the 
element. Alleles w*!*? and w*?4? are not 
deletions and are discussed below. b, Con- 
servation of sequences to the right of the 
element in several deletion chromosomes. 
c, Size heterogeneity in deletion remnants. 
A continuation of these analyses was used 
toconstruct maps in Fig. 1. Genomic DNA 
was isolated from adult flies, digested as 
indicated under the blots, run on 0.6% 
agarose gels and transferred to nitrocel- 
lulose”. The limits of all four hybridization 
probes are shown with respect to w' 
chromosome in Fig. 1. Size standards in 
kilobases are shown next to each figure, 
and are derived from HindIII digests of 
ADNA run on the same gel. 


A w’ triplication 
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Four of the 10 new white alleles we have analysed contain small 


_ rearrangements of sequences within or adjacent to the w“ inser- 
< tion. For two alleles, hybridization of DNA blots with probes 
derived from the wild-type white locus indicated that white locus 


sequences had not been deleted. However, the presence of 
additional fragments with the size expected for the novel junc- — 
< tion produced by the w’ duplication indicated that these chromo- 


<. somes now contained a third copy of the sequence which is 
3 duplicated in w' and w° (Fig. 4). For one of these chromosomes, 
u wò, restriction sites within the w° insertion are conserved, 
=: indicating that the w° insertion is intact and its position unaltered 


-with respect to flanking DNA. However, the insertion is now 


-> flanked on the left side by two copies of the sequence duplicated 
C inw; a single copy remains on the right side of the insertion. 
_ The simplest mechanism for generating this rearrangement is 
zo by unequal crossing-over. Because the original w° insertion 
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occurred slightly to the right of centre in the w° duplication, 
there is a small duplication on the left side of the w” insertion. 
This is indicated on the w° chromosome by the positions of the 
Poul and Pvull sites in Fig. 4. Unequal crossing-over within 
this small duplication would result in the structure observed for 
w*!«!| We isolated this mutation as a cluster of exceptional 
progeny from a stock in which only males carried the w° chromo- 
some. Thus, unequal crossing-over would have occurred as a 
pre-meiotic sister chromatid exchange event. | 
The second w’ triplication chromosome, w*?*’, differs from 
w*!¢? by an additional rearrangement event. In this chromo- 
some, 1 kb of DNA has been deleted from the w° insertion, 
with most or all of this deletion occurring within the left inverted 
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repeat. The SacI site which precisely marks the left terminus 
of the insertion is conserved, as are sites within the insertion, — - 
but restriction fragments which span the left inverted repeat. 


are 1 kb shorter than in w° (Fig. 4). Thus, two events wi 
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Fig. 3 Blots and restriction maps of isolated deletion break-point 
sequences in wild type, w° and Df(1)w°80j2. Phage Am11B.1 was 
previously isolated and contains sequences from a wild-type Can- 
ton § background’*. Abkpt.2 contains a BamHI fragment isolated 
in the Aphage vector Charon 28 (ref. 21) using methods described 
: elsewhere”. This sequence was isolated from a w' revertant of wf, 
-a chromosome which differs from the w chromosome only by the 
precise excision of the w° insertion’®. p80j2 contains the BamHI- 
Hindilll fragment from the Df(1 )w°80j2 deletion break point. This 
genomic fragment was isolated in the plasmid vector pBR322 
(ref. 22), since we have found that this stabilizes large FB DNA 
insertions’. The Drosophila DNA insertion in this plasmid co- 
migrates with the same fragment in genomic DNA on agarose gels 
(data not shown). The left-hand blot is a BamHI-HindIHI digest 
of all three cloned DNA sequences hybridized with the Poull | 
fragment directly adjacent to the deletion break point (see Fig. 1 
for position of this probe). All three sequences show hybridization, 
and the BamHI-HindlII fragments in the Canton S (Am11B.1) 
and w° (Abkpt.2) backgrounds differ by 2.0 kb. A second blot 
derived from the same gel and hybridized with FB4, a plasmid 
containing an FB element*, shows hybridization only to A bkpt.2 
and p80j2; homology to FB DNA is absent in the phage from the 
wild-type background. The FB4 probe also hybridizes to the 
pBR322 vector sequences in p80j2. Hybridization to plasmid 
sequences is stronger because more DNA was loaded on the gel. 
The limits of homology to FB DNA were determined by a continu- 
ation of this analysis, and are indicated by the solid bars on the 
restriction maps. 





required to produce this new rearrangement. We cannot deter- 
mine if these events occurred independently. 
Despite the structural similarity of w*’*’ and w*??, only 
wile! jg apparently mutable. We have not detected any muta- 
tions of w in several thousand flies, although we have 
recovered w“, w’ and wild-type derivatives from a similar num- 
_ ber of w®® flies. This suggests that the deletion within the 
inverted repeat of w***? is stabilizing the insertion. 


82a3 


Origin of a w allele 


= A third rearrangement chromosome, wk! 





, arose by the partial 


deletion of sequences within the w“ insertion and by the deletion 


of one copy of the w’ duplication. Restriction enzyme sites 


within the insertion and in the left copy of the w' duplication = 
are absent, leaving a structure that is now equivalent to a 3. S-ko E 





insertion in the white locus (Fig. 5). 
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DNA. We also determined the sequence of the right termi: 
f of the w®%™! insertion and flanking DNA, and found that i i 
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Fig. 4 Blots and restriction maps of w°, w*'*’ and w8203 The E 
upper panels show blots of genomic DNA digested with BamHI = 
plus EcoRI. The hybridization probe is pM12.5,a subclone derived: 
from the wild-type white locus which extends from the first Salf = 
site on the left of the w duplication to the Hindlll site directly- 
to the right of the w’ duplication’? Restriction maps shown are 
derived from blots of genomic DNA. The hatched bars represent 
the sequences which are duplicated i in w’. The solid bars represent’. 
the inverted repeats within the w“ insertion; stippled bars indicate... 0 
the w° middle. Brackets below the maps show the positions of.» 
restriction fragments in the blot above. The 7.7- and 7.5-kb frag- 
ments are derived from sequences flanking the insertion, and from =e. 
the right inverted repeat of the insertion, respectively. The 5.0-kb. = 
fragment spans the left inverted repeat in the w° insertion, Ao. 
deletion within this fragment produces. the 4.0-kb fragment seen 
for wee The 2.9-kb fra agment is derived from the extra copy of = 
the w' duplication in w*’*! and w°?*’. These and additional digests, cee 
blots and hybridizations were carried out as described previously? 
to construct the restriction maps shown. sf 


The location of a SacI site at or near the break point in w°*! 
suggested two possibilities for the origin of this allele. The Sacl 
site could have been created at the break point of a simple 
deletion with end points in FB DNA and white locus DNA, 
distinguishing this deletion from those previously described: 
Alternatively, this derivative could have arisen in two steps. The 
deletion of an internal portion of the w° insertion would leave 
intact the SacI site marking the left insertion terminus. An > 
additional recombination event occurring within the small dupli-  - 
cation present on the left side of the w° insertion (represented: 
by the Poull sites in Fig. 5) would eliminate sequences from ` 
one copy of the w' duplication, and restore the sequence flanking, : 
the altered insertion to wild type. ae 

We isolated a fragment containing the deletion break point ~ 
of w**! in a recombinant plasmid, and determined the nucleo- 
tide sequence of portions of this fragment to distinguish between 
the two possibilities (Fig. 5). We first determined the DNA” 
sequence of a fragment spanning the left edge of the insertion: 
remnant which contains both white locus and FB DNA. The 
left terminus of the residual w° insertion is identical to that 
of the original w° insertion; the SacI site which precisely marks. 
the left terminus of the insertion is conserved, as are the first. 
31 nucleotides within the insertion (see ref. 11 for sequence), n 
The white locus sequences which flank the insertion are also. 
identical to those in the original w° chromosome, indicatin 
that this allele could not have arisen by a simple deletion even 
beginning within the element and extending leftward into w 



















= Thus, w 
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Fig. § Restriction maps of w° and w*"*". Hatched bars indicate 
the sequences duplicated in w’. The solid bars show the location 
of the inverted repeats within the w“ insertion; the stippled bar 
represents the w° middle. Restriction maps are derived from 
digests of genomic DNA and of the plasmid p80k1. p80k1 contains 
the Sail~BamHI fragment which spans the rearrangement in 
w80k1, indicated by the large bracket below the w°! map. p80k1 
was isolated directly from a plasmid library made from a BamHI- 
Sall digest of w% DNA and the vector pBR322 (ref. 22) using 
methods described previously”. The restriction maps of this cloned 
sequence and the genomic sequence are co-linear. The solid bar 
on the w*°! map shows the limits of hybridization of p80k1 to 
FB DNA. We determined the DNA sequence of the 800-bp Saci 
fragment to the left of the insertion in w°°*’, and of the two 
Sau3A-Taql fragments which overlap the edges of the insertion 
in w°, These fragments, indicated by the small brackets under 
the w! map, were isolated from the plasmid sequence in the 
M13 phage vector mp9, mp10 or mp11 (ref. 23), and the DNA 
sequence was determined by the dideoxynucleotide chain termina- 
tion method?*** as described previously’®. The sequence of the 
Saci fragment was determined on only one strand, and compared 
with the previously determined sequence from the wild-type locus 
(K. O'Hare, C. Murphy and G.M.R., in preparation). 


conserved. Thus, a deletion has occurred within the element in 
wk? reducing the size of the insertion from 10 kb to 3.5 kb. 

Comparison of the DNA sequence of the 800-base pair (bp) 
Saci fragment flanking the w insertion with the previously 
determined sequence of the same region in the wild-type white 

locus (K. O'Hare, C. Murphy and G.M.R., in preparation) 
:: revealed no differences between these two sequences (data not 
shown), indicating that deletion of one copy of the w' duplication 
must have occurred by a homologous recombination event. 
80k] arose by two events, a deletion of sequences within 
the insertion and a recombination event in the DNA flanking 
-the insertion. We cannot determine if these events occurred 
independently. 


A stable white phenotype 


The fourth rearrangement chromosome, w°”’, apparently arose 
by a rearrangement of sequences within the w° insertion. 
Sequences adjacent to the insertion are unaltered, as indicated 
` by hybridization of genomic DNA blots to white locus probes. 
Restriction fragments having one end point within the white 
locus and one within the insertion are also conserved in size, 
a indicating that the cluster of restriction sites within the middle 
<o Of the w° insertion is present, and that its position is unaltered 
with respect to flanking DNA. However, fragments which span 
the w° insertion are ~4kb larger for w% than for the w° 
allele (Fig. 6). These data can be simply interpreted by the 
ssumption that w® contains a tandem duplication of the w° 
e middie within the insertion. 
_ Although the structure of w”” might suggest that it could 
= revert to both w‘ and wild-type phenotypes, we have never 


80j1 





80j1 


= recovered any revertants from this strain. If a ‘transposase’ 


_ function were required for w°% mutability, one might expect 
me to to provide. this function by adding a mutable copy of w° to the 
-o w7 strain. We constructed a strain which had wi! on the X 
a chromosome anda transposition of w° on the third chromosome. 
-` This. w* transposition only mutates from crimson to white or 
= light crimson Tap We screened 9,376 flies and recovered 
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T 6 Blots and restriction map of w°". The restriction map. of 

% is derived from blots of genomic DNA. Hatched bars illus- 
trate the sequences which are duplicated in w’. The solid bars 
represent the terminal repeats within the w° insertion, and the 
stippled bar represents sequences derived from the w° middie. 
The left panel. of the blot shows a BamHI digest of w° and 
wil DNA run ona 0.6% agarose gel, transferred to nitrocellulose 
and hybridized with pM12.5 (see Fig. 4 for the limits of this probe). 
The 14.1- and 11.3-kb fragments are derived from sequences 
flanking the insertion and are conserved in w®™', The 7.5- and 
5.5-kb fragments are derived from sequences which have one site 
in the flanking white DNA and a second within the w° insertion. 
These fragments are also conserved. The right panel shows an 
Xbal~Xhol digest hybridized with the same probe. In this case a 
0.3% agarose gel was transferred in order to size large fragments 
accurately. The 11.0-kb fragment which spans the w° insertion is 
absent in wĉ™, and is replaced by a 15.0-kb fragment. The 8.8- 
and 7.1-kb fragments are derived from sequences flanking the 
insertion. Small fragments derived from within the w’ duplication 
are not shown on this blot. Sizes were determined by comparison 
with HindIII digests and Pvull digests of DNA run on the same 
gel. All mapping of this allele was done by positioning sites within 
the insertion with respect to sites outside the insertion. Sites within 
the insertion cannot be directly mapped by genomic DNA blots 

due to the repetitive nature of the insertion. 


9 mutations to a white phenotype, and 2 mutations to a light 
crimson phenotype, indicating mutation of the transposed allele, 
but recovered no mutations to a wild- “type phenotype, which 
would have indicated mutation of w”. Thus, in conditions 
where the transposed w° allele is mutable, the w allele is at 
least 10-fold more stable. 


Discussion 


We have examined the structure of 10 chromosomal rearrange- 
ments induced by the FB transposable element in Drosophila. 
Six of these rearrangements are deletions which apparently arose 
by recombination between closely linked FB elements; sequen- 
ces between these elements are deleted, and variously sized 
remnants of FB DNA remain at the deletion junctions. The 
absence of any deletions terminating in adjacent white locus 
DNA indicates that recombination between FB elements is a 
preferred mechanism for deletion formation. Reversion of the 
white locus mutation w°% also occurs by recombination 
between closely linked FB elements'*. However, recombination 
between elements may not be the only mechanism for deletion 
formation, because a deletion with an FB element at only one — > 
break point in the parental chromosome has recently been Boe 
identified (R. Levis, personal communication). ae 
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The deletion of DNA séien located between asai linked 
a T elements by recombination appears to be a com- 
~ mon property of transposable elements, and has been observed 
_.. for prokaryotic elements and for Ty 1 in yeast!“ 41° Our observa- 
< -tions indicate that this is also the case for a eukaryotic element 

with long inverted terminal repeats. In yeast, a 13-kb DNA 
‘segment located between two Ty! elements has been observed 
to transpose to new genomic locations'®. Transpositions of w° 
have also been isolated”, and we have preliminary evidence 
that in one case, a w transposition was mediated by the mobiliz- 
ation of sequences between the two FB elements which interact 
in deletion formation. . 

In 9 of the 10 rearrangements examined, new FB element 
structures have been generated. For the six deletion chromo- 
somes, the size and structure of the residual element apparently 
depend on the position of the recombination event within the 
elements. Thus, recombination between elements provides a 
mechanism for generating much of the heterogeneity seen within 
the FB element family. Two of the six deletion chromosomes 

we examined have residual FB elements which have lost the w° 

middle. Thus, an internal segment can be deleted from an 

FB element by recombination with another element. This may 

have a bearing on our previous observation that the w° 
=. Middle is present in only a few of the FB elements within 
_ the genome, and that this number varies between strains of 
Drosophila’. 

In three cases, element-internal rearrangements have occur- 
red, indicating that rearrangements within a single element also 
have a significant role in the generation of FB element 
heterogeneity. All three internally rearranged insertions have 
now lost the property of mutability, indicating that there is 
functional as well as structural heterogeneity within the FB 
element family. A similar heterogeneity has been observed for 
the P element family of transposable elements in Drosophila, 
where many elements have undergone internal deletions’ ®. 
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These defective P elements are apparently able to tr 
only when complemented by complete elements’? | 
Homologous recombination seems to have an apota 
in generating the derivatives we examined. Recombination 
between elements generated deletions, while recombina 
between duplicated sequences adjacent to the w°. insertion 
occurred in three small rearrangements. In each of these smal 
rearrangements, the recombination events occurred within the 
400 bp flanking the w° insertion on the left, suggesting a linkage 
between these events and the FB element terminus. If chromo- 
some breaks occur at the ends of FB elements, the repair of 
such breaks by recombination would generate such novel struc- Be 
tures. Recombination i is clearly stimulated by the w“ insertion, 
since the w° mutation reverts to wild type several orders of _ 
magnitude more frequently than does w’ (ref. 7). Both events _ 3 
require a recombination event between ihe two copies of the ce 
w’ duplication to restore gene structure®’. 3 
The analysis of derivatives generated by the w° mutation - a 
indicates that the type and frequency of transposable element- 
induced rearrangements depend on both the structure of the. Ee 
transposable element itself and the organization of nearby 
sequences. Rearrangements within the w° FB element resulted __ 
in a loss of genetic instability, indicating that not all FB elements 
are capable of generating rearrangements at the frequency 
observed for the w° insertion. Furthermore, the presence of a_ a. 
closely linked FB element resulted in the frequent deletion of 
sequences adjacent to the w° insertion, indicating that the distri- 
bution of elements will affect the type of rearrangement induced. © 
The presence of a duplication flanking the w° insertion also. | 
resulted in the generation of novel derivatives by unequal cross- 
ing-over events. These observations are particularly interesting 
when viewed in the context of genomic evolution. ie 
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Isotypic and allotypic variation of human class ie 
histocompatibility antigen a-chain genes 
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DNA sequences of four human class II histocompatibility antigen a chain DNA sequences (derived from cDNA ny x 
genomic clones representing DCla, DC4a, DXa and SBa) are presented and compared to DRa and to mouse I-Aa oe 
and I-Ea sequences. These data suggest possible mechanisms for the generation of polymorphism and the evolution ofo 


the DR, DC and SB families. 





THE major histocompatibility complex (MHC), located on 
chromosome 6 in man and chromosome 17 in the mouse, con- 
tains several groups of genes whose products are involved in 
the regulation of the immune response to self and non-self 





antigens. (reviewed in refs 1-4). Among them, the class II anti- 
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consisting of a heavy (a) and a light (8) chain which both pierce 
-~ - the plasma membrane and are expressed primarily on B lym 
phocytes and macrophages. The extensive polymorphism of 










gens (HLA-DR, DC and SB in man, I-A and I-E in the ioue A 
are thought to be the products of the immune regulation genes 
and serve as restriction elements in cell-cell interactions and 
antigen presentation to T lymphocytes. They are heterodimers 


the class II antigens detected by a functions: eae Me 


ergs — 


DC-} a (JY) EDIVADHVA--GYNLYQFYGP 

DC-4 a ADCH-9 (JY) EDIVADHVASYGVNLYQSYGPSGOYSHE 

DC-4 a pOCHT (JY) QSYGPSGQYSHE 

DC-1 a HB20 (LB) EDIVADHVASCGVNLYQFYGPSGQYTHE 

0C-1 a (LB) EDIVAD-VA--GYNLYOFYGP-GQ;--E 
1 5 10 15 20 25 


Fig. 1 Comparison of the amino-terminal sequences of DCa 

chains. The amino acid sequence derived from the cDNA clones 

HB20 and pDCH1 (ref. 16) and the genomic clone ADCH-9 are 

compared to the partial amino acid sequence of the DC-la chains 

from the cell lines JY (DR4, w6) and LB (DRw6, w6) taken from 

ref. 20-21. Dashes indicate positions which were not assigned in 
the protein sequences. 


structural studies appears to be mainly restricted to the £ sub- 
units. The availability of recombinant inbred strains of mice has 
allowed a subdivision of the mouse J region: the I-A subregion 
contains. genes encoding AB, Aa and Ef, whereas the E 
- subregion contains the gene encoding Ea. In man, HLA-DR 
antigens constitute the predominant class II antigen and display 
similar function and tissue distribution as the products of the D 
region primarily defined by the mixed lymphocyte reaction. 
Multiple class II antigens have been defined through serological 
studies, such as the DC, MT, MB, LB and Te series. The strong 
linkage disequilibrium that they display with the HLA-DR 
«specificities has not allowed a further dissection of the DR 
region. The best defined structurally of these additional class II 
antigens is the DC-1 antigen which was shown to be identical 
to MT1, MB1 and LB12 which are all found in linkage disequili- 
brium with DR 1, 2 and w6 (ref. 5, 6). Attempts to provide a 
more accurate typing in the mixed: lymphocyte reaction by using 
primed T lymphocytes led to the discovery of another class II 
antigen called SB (secondary B cell antigen) which is encoded 
centromeric to HLA-D as defined by studies of recombinant 
families and deletion mutants’*. The SB antigen elicits a strong 
proliferative response in a secondary mixed lymphocyte reac- 
tion, provided that there is identity at the DR locus. 

Recent advances in our knowledge of the multiplicity and 
structure of the class I] antigens has been made through the 
advent of recombinant DNA technology. Thus a molecular map 
covering | a substantial part of the murine I region has been 
obtained’. cDNA clones have been obtained for the a and B 
chains of the HLA-DR and DC antigens (refs 10-16, reviewed 
in ref. 4), and in this and a subsequent paper!’ cDNA clones 
for the a and 8 chains of SB antigens will be described. We 
reported previously the isolation of a cDNA clone (pDCH1) 
corresponding to a DCa@ chain'®. Further studies have shown 
that the I-Aa@ chain is the murine homologue of the DCa 
chaint", both chains being polymorphic. Accordingly we have 
detected a restriction enzyme polymorphism of the DCa gene 
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which correlates well with the DR/MT disequilibrium groups" 

The DCa probe also showed that the human haploid genome 
contains at least four related a chain genes which were localized 
on chromosome 6 using y-ray induced deletion mutants’’. These 





genes include those encoding the DR and DC a chains which @.. 
have significant similarity in the second extracellular (a2) and ; J 


the transmembrane domains. One of the two additional @ chain 
genes shows a high degree of sequence similarity with the DCa 
probe and was called DXa because it is not known whether it 
is an expressed gene and to which family of serologically. defined 
antigens it might correspond. In order to investigate further the 
nature of the polymorphism of the DCa chain and the multi- 
plicity of the class II antigen a chain genes, we have isolated 
cDNA clones and genomic clones using pDCH1 as a probe in 
cross-hybridization experiments. DNA sequence analysis of two 
alleles of the DCa chain provided evidence that they are com- 
plex alleles which differ at a large number of positions, mainly 
in the a1 domain. Possible mechanisms for the generation of 
this allelic polymorphism are discussed. The structure of a class 
H antigen a chain different from but related to DRa and DCa 
has also be determined and shown to correspond to the SBa 
chain. The possible evolutionary relationship between three 
isotypic forms of class IJ antigen a chain (DRa, DCa and SBa) 
is discussed. 


cDNA clones 


The amino-terminal amino acid sequence of the DC-1 æ chain 
from the LB cell line?’ (DRw6, w6) was the basis on which the 
cDNA clone pDCH1 (obtained from the JY ceil line, DR4, w6) 
was identified as encoding a DCa chain, tentatively the DC-1 
a chain. But as there was one difference between the two 
sequences at position 18, we had suggested it might correspond 
to an allele of the DC-1 a chain, namely the æ chain of the 
DC-4 antigen which is found in linkage disequilibrium with DR4 
and 7, whereas DC-1 is linked to DR1 2 and w6 (the JY and 
LB cell lines share DRw6). The comparison was based on a 
limited number of positions as the pDCH1 cDNA clone starts 
at codon 17 of the mature protein and the amino terminal 
sequence does not extend beyond codon 28 and there are a 
few gaps. Recently, a partial amino terminal sequence has 
been determined for the DC-1 a@ chain in the JY cell line 
as well, which is identical to that obtained from the LB cell 
line 

Because the DCa and DXa genes are so closely related, it 
was important to determine to which gene the cDNA clone 
pDCH1 corresponds. The analysis of y-ray induced deletion 
mutants has allowed us to distinguish between these two genes 
using the Southern blot technique’®. Moreover, a restriction 
enzyme polymorphism of the DCa gene detected in HLA-DR 
homozygous typing cells makes it possible to distinguish three 
different alleles of the DCa gene which appear to correlate with 
the DR/MT linkage disequilibrium group'°**. In contrast, the 





Table 1 Pattern of differences between two DCa alleles and the DXa gene in the coding regions 





Nucleotides | 


A B 

OSP 2/82 3/82 2 l 
| 2.4% 3.7% 

al 19/246 30/246 14 13 
7.7% 12.2% 

a2 2/282 8/282 1 7 
~ 0.7% 2.8% 

>o CP, TM, CY 4/155 10/155. 5 5 
as 2.6% 6.4% 

Total He 51/765 22 26 
e G 6.7% 


Amino acids 

C A B} C 

0 1/27 1/27 1 0 9 
3.7% 3.7% 

3 10/82 18/82 7 6 5 
12.2% 21.3% 

0 1/94 3/94 0 3 0 
1.1% 3.2%. 

0 3/51 4/51 2 _ 0 
5.9% 7.8% 

3 15/254 26/254 10 il 5 
5; 9% 10.2% 





Nuver “id percentage of positions (nucleotides or amino acids), domain by domain wiede A, DC- 4a and DC-la are identical and DXa 
"diferent: B, DC-4a and DC-la are different (first column), number of these differences which are identities. between. DC-la and DXa (second 
, column), DC-4a and DXa (third column); C, all three sequences are different. The origin of the different sequences is indicated in legend to Fig. 4. 
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“M I L N KA L L L G A L A kL T T ; Gf 
C TGA GGC TGC CTT GGG AAG AAG ATG ATC CTA AAC AAA GCT CTG CTG CTO GGG GCC CTC GCT CTG ACC ACC GTG ATG AGC CCC TGT GGA GGT] 9] SP 
+} 


p ~ - - "~ e - ne “e ~ Yy - ” m ~ =} te KS ” a “m - ” ~ cad cd - ~ - 


E D I Vv A D H V A S C G V Kẹ L Y 9 F Y G P S G Q Y T HEF p 
GAA GAC ATT GTG GCT GAC CAC GTT GCC TCT TGT GGT GTA AAC TTG TAC CAG TIT TAC GGT CCC TCT GGC CAG TAC ACC CAT GAA TTT GAT 18] 





-= E s a e a a a NV -e O L a L oa RRO- RRG- ʻo o‘/ļ | 
G D E Q F Y V DL ERKE T A WR WP E F S$ K F GG F DBD P Q tes 
GGA GAT GAG CAG TTC TAC GTG GAC CTG GAG AGG AAG GAG ACT GCC TGG CGG TGG CCT GAG TTC AGC AAA TTT GGA GGT TTT GAC CCG CAG 271 jei 


Foe oe Toe Foe me be ew ee ee eee Be ee ee ede el 
G A L R N M A V A K H N LON TM T K R YY N S$ T A A T NEE V P 
GGT GCA CTG AGA AAC ATG GCT GTG GCA AAA CAC AAC TTG AAC ATC ATG ATT AAA CGC TAC AAC TCT ACC GCT GCT ACC AAT)GAG GIT CCT 361 


E Y T Y F 5 K 5 P X T? LE 6 Q9 P N T L I cè L Y R N IF PP y ¥ 
GAG GTC ACA GTG TTT TCC AAG TCT CCC GTG ACA CTG GGT CAG CCC AAC ACC CTC ATT TGT CTT GTG GAC AAC ATC TTT CCT CCT GTG GTC 45l 


Err a 
N I T WoL S N G @ S$ V T € BD ¥V S$ E—E T S$ F LS & § D H S FF XK LB TE a, 
AAC ATC ACA TGG CTG AGC AAT GGG CAG TCA GTC ACA GAA GAT GTT TCT GAG ACC AGC TTC CTC TCC AAG AGT GAT CAT TCC TTC TTC AAG 541 i 


Fa 3 Y L T F L P S A D E I Y D C K Y E # Y G L D Q P L L K BR 
ATC AGT TAC CTC ACC TIC CTT CCC TCT GCT GAT GAG ATT TAT GAC TGC AAC GTG GAG CAC TGG GGC CTG GAC CAG CCT CTT CTG AAA CAC 63l 


Na, eee ee eS ee oe, “See Re. See oe. oS tes RY ie ees oe ee oe A eh. GY 
whe P E I PA PM S$ £€ LT CF} Vv CA kL 6 LS Yo & LM G6 TY 
TGG lone CCT GAG ATT CCA GCC CCT ATG TCA GAG CTC ACA GAGHACT GTG GTC TGT GCC CTG GGG TTG TCT GTG GGC CTC ATG GGC ATT GTG 72) 


eeECeE 


smed ee ee ee ee ee CP 
vV G T V F Oa G L R S Y G A S R H Q G P L > TM 
GTG GGC ACT GTC TTC ATC ATCHCAA GGC CTG CGT TCA GTT GGT GCT TCC AGA CAC CAA GGG CCA TTG TGA ATCCCATCCTGGAAGGGAAGGTGCATC 817 CY 





GCCATCT ACAGGAGCAGAAGAATGGACT TGCTAAATGACC TAGCACTATTCTCTGGCCCGGTTTATCATATCCCTTTICTCC TOCAAATATTICTCCTCTCACCTTITICTCTGGGACTT . 936 3 i UT 


AAGCTGCTATATCCCCTCAGAGCTCACAAATGCCTTTACATTCTTTCCCTGACCTCCTGATTITITTTTICTTITCTCAAATGTTACCTACACAGACATGCCTGOGGTAAGCCACCCGGC 1055 
TACCTAATTCC TCAGTAACCTCCATCT AAAATC TCCAAGGAAGCAATAAATICCTTTTATG-polyA 1m6 


Fig. 2 Sequence of the HB20 cDNA clone. Total cellular RNA was extracted from the lymphoblastoid B cell line LB (DRw6, w6) using < 
the LiCl-urea procedure”. Poly(A) containing RNA obtained by oligo-dT cellulose chromatography was fractionated by sucrose gradient ~~ 
ultracentrifugation as described”*. Fractions containing the class II mRNAs were monitored by cell-free translation, immunoprecipitation and |. 
SDS-polyacrylamide gel electrophoresis. A cDNA library was constructed from the enriched fraction using conventional methods involving 
the insertion of double-stranded cDNA by dC-dG tailing in the PstI site of the plasmid vector pBR322. Approximately 20,000 recombinant © 
clones were screened using the pDCH1 insert as a probe in conditions described previously’®. DNA sequence analysis was performed as Se 
follows. PstI and SacI fragments from the cDNA clone HB20 and LB18 (DCa) were isolated on a 2% agarose minigel by elution in wells 
cut in front of the bands visualized under UV light. The DNA was ethanol precipitated, then ligated to PstI-cut pUC9 or Sacl-cut pUC12? = 
for 2h at 16 °C. The ligation mixture was used to transform Escherichia coli JM83 competent cells and white colonies were selected on plates 
containing 100 pg ml’ ampicillin in the presence of X-gal. DNA from the subclones was prepared from a 5 ml overnight culture by a boiling - 
miniprep procedure*®. The DNA was cut with BamHI or HindIII in the polylinker of the vector, labeled with the Klenow fragment of DNA 
polymerase I and [a-**P]dNTPs, and recut with the second enzyme at the other end of the insert. These reactions were performed sequentially 
by heat-killing the restriction enzymes and adjusting the conditions by adding the appropriate buffer. The labelled fragment was isolated on 
a 2% agarose minigel as above, phenol extracted and ethanol precipitated. DNA sequencing reactions were performed according to Maxam ° 
and Gilbert*’ and the products analysed on 80 cm 4% or 6% polyacrylamide-urea thin gels according to Sanger and Coulson“. Alternatively 
specific DNA fragments were labelled at their 3' end with terminal transferase and 3’dATP (cordycepin triphosphate) and isolated on 5% 
polyacrylamide gels by electroelution and DEAE-cellulose chromatography. The sequence of the HB20 clone is shown 5’ to 3’ together with =- 
its translation in amino acids using the single letter code. The sequence of the cDNA clone LB18 was identical to that of HB20. The topline =o 
is the amino acid sequence derived from pDCH1 for codons 17 to the carboxy terminus and from the ADCH-9 genomic clone for the signal 
peptide and the first 16 codons of the a1 domain’®. Identical amino acids are indicated by dashes. The hexanucleotide AATAAA corresponding 
to a signal for polyadenylation is underlined. The delimitation of domains is indicated by vertical dotted lines according to. the intron/exon = 
organization of the DRe chain gene’®. SP: signal peptide: a1, a2: first and second extracellular domains: CP, TM, CY: connecting peptide, = 
transmembrane and cytoplasmic domains: 3’UT: 3’ untranslated region of the mRNA. DO. 


y 
i 
RSE, 
See 
eS 


See 


was used to construct a cDNA library from the LB cell line __ 
(DRw6, w6 and DC-1). In order to isolate sequences expressed 
in this cell line which cross hybridize with DCa, we screened 
the library with pDCH1 under non-stringent conditions (2 


DXa gene appears to be conserved by that method and is 
located on a 2.6 kb HindIII fragment in all haplotypes, whereas 
the DC-4a chain gene is located on a 5.5 kb HindIII fragment 
and a 2.4 kb Pst] fragment, and the DC-1a chain gene is located 






ona 9.5kb Hindill fragment and a 11 kb PstI fragment (ref. 

~ 16, 22 and unpublished observation). We constructed and 
screened a genomic library using JY-DNA in the bacteriophage 

A vector L47 and isolated four strongly hybridizing genomic 
clones using pDCH1 as a probe. Two of them, ADCH-1 and 

A DCH-9 containing the 2.4 kb PstI fragment corresponding to 

the DC-4a chain gene, were shown to be overlapping clones 

by restriction enzyme analysis. A partial sequence was derived 

7- from the genomic clone A DCH-9, showing a complete identity 
with that of pDCH1, which therefore corresponds to the DC-4 
& chain. This analysis also allowed the determination of the 
complete amino terminal sequence of the DC-4a chain (Fig. 





1), revealing one additional difference at position 11 between _ 
the DC-4@ chain (tyrosine 11) and both JY and LB DC-Ila — 


chains (a hydrophilic amino acid at 11). 





_ three clones which hybridized strongly with DCa, weak 


have all the characteristics of DCa related sequences’®. R 
An mRNA fraction enriched for the a and 8 chain mRNAs 


SSC, 65°C). A total of 25 positive clones were obtained an 
grouped in three categories according to their pattern of cro: 
hybridization with probes specific for the DRal and DRa 
domains, the DRa 3' untranslated region (3’ UT) and DC 
The major category contained 19 clones hybridizing strongl 
with DRal, DRa2 and DRa 3' UT but weakly with DCa. The 
restriction map was identical to that of authentic DR 
clones'*"!?!°_ Most of these clones were full-length copies « 
the DRa mRNA, and the longest clone, pDRH7, containe 
1,300 base pair (bp) insert. Three clones hybridizing weak! 
with all probes are discussed later in this report and are ‘show 
to correspond to the SBa chain. The final category conta 
is th 












DRa2 and not at all with DRal or DRa 3’UT, that. 
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tion enzyme analysis and DNA sequencing showed that they all. 
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AAG ATG ATC CTA AAC AAA ser cte CTG CTG GGG GCC CTC GCC CTG ACT GCC GTG ATG AGC cee TGT GGA GGT GAA GAC ATT eTe & GTGAG  &7 
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A D H ¥ A 5 Y G ¥ NH FF YQ $ H 
TGCATGAGTG- -3.5 Kb  -TGTTCCACCCTCC TGCTIGTCACCTICACTCGTCAG CT GAC CAT GTT GCC TCC TAT GGT GTG AAC TTC TAC CAG TCT CAC 3677 
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E P S 6 Yei m 28 ge AP ES OR a OR. a aes eee E 
GGT CCC TCT GGC CAG TAC ACC CAT GAA TTT GAT GGA GAC GAG GAG TTC TAT GTG GAC CTG GAG ACG AAA GAG ACT GTC TGG CAG TTG CCT 3767 | of | 
SS ie S E ee RP re ce Se ee eB ~ N IV I KR 
M F S EFIS — DP O S A kL RN M AV 6 K HOT LE MMR QO 
ATG TTT AGC AAA TTT ATA AGT TTT GAC CCG CAG AGT GCA CTG AGA AAT ATG GCT GTG GGA AAA CAC ACC TTG ATG ATG AGA CAG 3857 


S$ ‘Nh S5 T A A T NWH l i SANN: 
TCC AAC TCT ACC GCT GCC ACC AAT G GTATGTGTCCACCATTCCGCOTETCTTTACTGAAACTAATCTTTCATACCAAGTTTTACTCCCTTECTTCTCAAGAGATTTECAGA 3967 
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TCTICTCATGGT- 250n -AAGGTTTCTAG AG GTT CCT GAG GTC ACA GTG TTT TCC AAG TTT CCT GTG ACA CTG GGT CAG CCC AAC ACE CTC ATC 4298 
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TIC CTC TCC AAG AGT GAT CAT TCC TTC TTC AAG ATC AGT TAC CTC ACC TTC CTC CCT TCT GCT GAT GAG ATT TAT GAC TGC AAG GTG GAG 4478 
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CAC TGG GGC CTG GAC GAG CCT CTT CTG AAA CAC TGG G GTAAGGATGTTACCTCACCTTCCTCCCGTC TGC TGATGAGATTTATGAC TGCAAGGTGGAGCACTGGGG 4574 
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GAG CTC ACA GAG ACT TTG GTC TGC GCC CTG GGG TTG TCT GTG GGC CTC GTG GGC ATT GTG GTG GCG ACT GTC TYC ATC ATC CGA GGC CTG 4938 CY 
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CGT TCA GTT GGT GCT TCC AGA CAC CAA GGG CTC TTA TGA ATCCCATCC TGAAAAGGAAGG TAGATTGAGAT TT6TTGGAGC TGAAACCTCAGTATGAGAGGGAGGA 5044 
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Fig. 3 Sequence of four exons of the DXa gene. High molecular weight DNA from the lymphoblastoid B ceil line JY (DR4, w6) was 


partially digested with Mbol and 20 kb fragments selected on a sucrose gradient, then ligated to the arms of AL47 vector* 


3 A total of 400,000 


clones were screened by plaque hybridization** with pDCH1 and four clones isolated as single plaques after two rounds of purification and 
rescreening. DNA fragments of the genomic clone A DCH-10 (DXa@) and ADCH-9 (DC-4a) containing the DCa@ related sequences were 
detected by Southern blot hybridization, then subcloned in pBR322 or pUC9 (ref. 39). DNA sequence analysis was performed as described 
in legend to Fig. 2. The sequence of the four exons of the DXa gene is shown. Numbering starts at the ATG codon of the signal peptide and 
is indicated for the a1/a2 and transmembrane exons according to their approximate distance determined by restriction endonuclease analysis 
using the method of Smith and Birnstiel**. The GT-AG dinucleotides which are part of the consensus sequences of splicing signais** are 
underlined. The translation of the different exons in amino acid is indicated using the single letter code. The upper line is the amino acid 
sequence of DC-4a deduced from pDCH1 (ref. 16), and ADCH-9 for the signal peptide and the first 16 codons of the mature protein, with 
dashes indicating identical positions. The sequence corresponding to the EcoRI site found in the DXa1 exon is boxed {see text). 


correspond to the same sequence. The sequence of the longer 
cDNA clone containing a 1,200 bp insert (HB20) is shown in 
Fig. 2. The cloned sequence corresponds to a full-length copy 
of mRNA encoding a DC-like a chain, containing 22 bp of 5’ 
untranslated region, a 23 amino acid hydrophobic signal 
sequence preceding the 232 amino acid open reading frame 
corresponding to the mature polypeptide chain followed by a 
319 bp 3’ untranslated region and the poly(A) tail located 11 
-nucleotides after the canonical AATAAA sequence”’. That the 

cDNA clone. HB20 corresponds to an authentic DC-la 
Z £ s supported KA the fact that the amino acid Seia 












H Cones containing the 2.6kb H 
- DXa gene. An EcoRI site locat 
gene was found to be consi HLA-DR hon 

_ gous and heterozygous cell line including JY and LB (ref. ae 
= and unpublished observation). This. EcoRI site is not found in 
~ HB20 which also shows. extensive sequence differences with 
= ADCH- -10, ruling out the. p possibility that HB20 could corres- 
ond to a ‘tran > of the DXa: “gene. (see below). We have 
3 efore. identified cDNA clones. corresponding to the DC-4 
DCH1) and DC-1 (HB20) a. chain’ ceca 















Polymorphic a1 and Ig-like a2 domains 


DC-4a@ and DC-1a alleles differ at 26 out of 254 amino acids 
and 51 out of 765 nucleotides (Fig. 2 and Table 1), a surprisingly 


high number for classical alleles which usually differ by one or 


a few substitutions. However, these differences are not dis- 
tributed randomly. Most of them are found in the first extracel- 
lular domain (a1) whereas the second domain (a2) and the 
connecting peptide, transmembrane and cytoplasmic regions are 
much more conserved. Thus the extracellular portion of the 
DCa chain appears to consist of a ‘polymorphic’ a1 domain 
and a ‘conserved’ a2 domain. The a2 and B2 domains of the 
a and B chains of the class II antigens show striking sequence 
similarity with several members of the immunoglobulin 
superfamily such as the immunoglobulin constant domains, 
B-2 mic croglobulin and the a3 domain of the class I 
antigens'°171316.17.24-26 This Jed to the hypc 
derive from a common ancestor. The diversity appeal 











located in the amino terminal domain in both the a and £ chains — : : 
7, Furthermore, a cluster of eight differences — 


of class II antigens” 
is found at position 45-56 of the DCa1 domain (Fig. 2), which 
has the characteristic of a ‘diversity region’ and could be part 


of an alloantigenic site. Although this pattern of variability is 


reminiscent of that of immunoglobulin. heavy and light chain 
variable regions, the two gene families di 
used a Similar mechanism to generate it, s 






rearrangement or mutations have been. hei ted in the class H. - 
genes. ; ba, ee a ee es 
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= Fig. 4 Comparison of the nucleo- 
. tide sequence of the coding regions l S 
<=> in two DCa alleles and DXa. The 
oo. gequences from which these data 
» were compiled are shown in Figs 2 
and 3 and in ref. 16. In addition, the 
signal sequence and the beginning of 
al of DC4 were derived from a 
genomic clone, ADCH-9. The amino acid substitutions shown in Fig. 2 were derived from the following nucleotide sequence i 
ATG ATC CTA AAC AAA GCT CTG ATG CTG GGG GCC CTC GCC CTG ACC ACC GTG ATG AGC CCT TGT GG; 
GAC ATT GTG GCT GAC CAT GTT GCC TCT TAC GGT GTA AAC TTG TAC. @ indicates a position where DXa 
“HB20, © a position where DXa, is identical to pDCH1, W position unique to DXa, and * position where all sequences differ. For’ : 


> 
n- 
ai 


(=) DXa different 


(e) DC- la like DX« 
(0) DC-4a like DX< 
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ez 

kei 
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x All three different 


of the different domains of the a chain, see legend to Fig. 2. 
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4 ada y Es F F F SB 
G AG ALT K AO HY ST YAA vog P T G E SR oe “FE 
A GGA GCT GGG GCCyATC AAG GCG GAC CAT GTG TCA ACT TAT GCC GCG ne GTA CAG ACG CAT AGA CCA ACA GG6.GAG TTT ATG TIT GAA TIT 91 
l ; 
D E DEM PY VY Ot OK K E TV WAL E E€ F 6 QA F S FE A bbe 
GAT GAA GAT GAG ATG TTC TAT GTG GAT CTG GAC AAG AAG GAG ACC GTC TGG CAT CTG GAG GAG TTT GGC CAA GCC TTT TCC TTT GAG GCT 181 a 
i 
Q 6 G L A N I A I L N N KR LN TL oT QO R § N HT O A T NDP 
CAG GGC GGG CTG GCT AAC ATT GCT ATA TTG AAC AAC AAC TTG AAT ACC TTG ATC CAG CGT TCC AAC CAC ACT CAG GCC ACC AACAGAT CCC 271 
P EVTV F P K € P ¥ £€ L 6 0 PN T kL ET CoH 1 Db OK FO OF BP PY 
CCT GAG GTG ACC GTG TTT CCC AAG GAG CCT GTG GAG CTG GGC CAG CCC AAC ACC CTC ATC TGC CAC ATT GAC AAG TTC TTC CCA CCA GTG 36) 
Te ae ee ee See Oe ee cae ea a a a a E A E E a a a 
CTC AAC GTC ACG TGG CTG TGC AAC GGG GAG CTG GTC ACT GAG GGT GTC-GCT GAG AGC CTC TTC CTG CCC AGA ACA GAT TAC AGC TTC CAC asi LWP 
K ee ee ee os ee ee 2, a ee 
AAG TTC CAT TAC CTG ACC TTT GTG CCC TCA GCA GAG GAC TTC TAT GAC TGC AGG GTG GAG CAC TGG GGC TTG GAC CAG CCG CTC CTC AAG 541 
HOW E A Q EP EO Me a PE SWE ee EY EL. HO 
CAC TGGIGAG GCC CAA GAG CCA ATC CAG ATG CCT GAG ACA ACG GAGEACT GTG CTC TGT GCC CTG GEC CTG GTG CTG GGC CTA GTC GGC TTC 631 
| i CP 
I V G T VOL I rik S L R S G HDP RAQGT L * ; 
ATC GTG GGC ACC GTC CTC ATC ATAZAAG TCT CTG CGT TCT GGC CAT GAC CCC CGG GCC CAG GGG ACC CTG TGA AATACTGTAAAGGTGACANAATA 726 TM: 
TCTGAACAGAAGAGGACT TAGGAGAGATCTGAACTCCAGCTGCCETACAAACTCCATCTCAGCTTTTCTTCTCACTTCATGTGAAAACTACTCCAGTGGCTGACTGAATTOCTGACCCT 845 CY 
TCAAGCTCTGTCCT TATCCATTACCTCAAAGCAGTCAT TCCT TAGTAAAGTT TCCAACAAATAGAAATTAATGACACTTTGGTAGCACTAATATGGAGATTATCCTITCATTGAGCCTT 964 3'UT | 
TTATCCTCTGTTCTCCTTTGAAGAGCCCCTCACTGTCACCTTCCCGAGAATACCCTAAGACCAATAAATACTTCAGTATTICAG-po lyA 1048 


Fig. 5 Sequence of cDNA clones for the SBa chain. The cDNA clones LB14 and LB24 were obtained from the LB cDNA library and o 

sequenced as described in the legend to Fig. 2. Both clones overlap and have identical sequences. The insert in LB14 corresponds to nucleotides” 

1-1,044 and the insert in LB24 to nucleotides 58~1,047 followed by a track of A residues. The translated sequence starts in the signal sequence 

at position ~4 by analogy with DRa and DCa (refs. 10, 16). (The amino terminal sequences of the DRa, DCa and SBa are taken from 

references 10, 16, 37 respectively.) The star in the SBa sequence indicates a position which is not Y or F”, but is likely to be a valine (C. 
Katovitch-Hurley and J. D. Capra, personal communication). 


Structure of DXa gene 


In order to investigate further the nature of this complex allel- 
ism, we determined a partial DNA sequence of the DXa gene 
derived from the genomic clone ADCH-10 (Fig. 3). The DXa 
gene contains at least four exons which potentially encode the 
signal peptide, a1, a2 and transmembrane domains of a class II 
antigen æ chain. This structure is analogous to that described 
for the DRa chain gene’®**. No abnormal feature found in this 
sequence would prevent the DXa gene from being expressed, 
that is, the splicing signals at the borders of the three introns 


follow the GT-AG rule and have typical consensus sequences”®, 


and there is no stop codon in the coding frame. Furthermore 
carbohydrate attachment sites are found at positions 
homologous to those found in the DRa and DCa chains!®™ 6, 
and the transmembrane region contains no charged residue. 
However, it is not excluded that unusual features are present 
in other parts of the gene which have not been sequenced. 
The comparison of the amino acid and nucleotide sequences 
_ of DXa, DC-la and DC-4a shows that each sequence differs 
from either of the other two at approximately 25 amino acids 
and 50 nucleotides (Fig. 4 and Table 1). This is surprising as 
we would have expected the two DCa alleles to be more closely 


related to each other than to the DXa gene. ‘Interestingly, at 


‘ : - 48 of the 51 nucleotides at which the two DCa alleles differ, 
coe one of them i is identical to the DXa Eeeaugeee: that is there a are 





phic, are centromeric’. Another possibility, however, is that 
-allelic forms of the DCa locus have not evolved independently 
f of the DXa gene but that mutations accumulated in the DXa ; 





26 positions at which DC-4a is identical to DXa, whereas at _ 
22 others DC-1a is identical to DXa. There are only three _ 
positions where all three sequences differ, all of whicharelocated _ 
at the end of the a1 domain. In addition, there are 27 positions _ 
at which the DCa alleles are identical but DXa is unique, so _ 
that it would have been impossible to distinguish between allelic ee 
and non-allelic pairs on the basis of sequence comparisons. | 

There are several ways to interpret these observatior ns. C 
possibility is that point mutations have been solely rest 
for the observed differences so that at any position where o 
of the three sequences is unique, it is that particular sequer l 
which has undergone mutation, the other two having conserved 
the nucleotide of the original common ancestor gene. In this 
case approximately 25 mutations in each gene could accou 
for the some 50 differences between each sequence. Strong 
selective pressures following these point mutations in fun 
tionally important regions would then have resulted in the 
persistence in the population. The high frequency of these 
mutations observed at the DCa locus compared to the DRe 
locus'®!?7>:2© might be related to the relative stability of the 
chromosomal regions containing these genes. Indeed in the- 
mouse, the highly conserved I-Ea gene is located telomeric to` 
a hot spot for recombination, while the other genes, all polymor- 
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Fig. 6 Comparison of human and murine class H antigen a 
chains. The amino acid sequences are aligned domain by domain. 
Asingle gap has been introduced to maximize homology at position 
14 in the SBa sequence and at position 13 in the DRa and Ea 
sequences. Residues which are identical at each position with the 
SBa sequence are indicated by dashes. The SBa sequence is that 
taken from Fig. 5. The DCa@ sequence is that of the HB20 cDNA 
clone (Fig. 2). (The DRa sequence is taken from ref. 10, the Aa 
and Ea sequences are taken from refs 46 and 47, respectively.) 


< gene have also been transferred to the DCa gene. Such inter- 
genic (and alternatively interallelic) genetic exchanges would 
have taken place by ac a copy repair mechanism analogous to gene 
conversion in yeast?”’*’, which has been postulated to be operat- 
ing on MHC class I genes as well as immunoglobulin genes*’~**. 
In both cases, the occurrence of point mutations would have 
established the original diversity. The occurrence of several 
blocks in the pattern of differences between the two DCa alleles 
and DXa (Fig. 4) may support the latter hypothesis and would 
‘substantiate the idea that gene conversion, which is primarily a 
mechanism leading to- sequence homogenization, allows an 
: amplification of the post-duplication oe of alleles as in 
the mouse immunoglobulin y2a/ Yzb system?” 


- cDNA clones for SB @ chain 


Two cDNA clones (LB14 and LB24) corresponding to the third 
category of sequences cross-hybridizing with DCa (see above) 
were subjected to DNA sequence analysis. The sequence 
obtained is shown in Fig. 5 together with its translation in amino 
acids. Comparison with the DRa and DCa sequences reveals 
that this new sequence does not correspond to these a chain 
genes but rather to a third isotypic form of class II antigen a 
chain. The SB antigen has been defined functionally by its ability 
to stimulate primed T lymphocytes in a secondary mixed lym- 
phocyte reaction, a function which can be blocked by the mono- 
clonal antibody ILR1. This monoclonal antibody was sub- 
sequently used to show that. the SB antigen has a structure 
typical of class II antigens, and a partial amino acid sequence 
has been reported for both the a and 8 chains of the SB3 
antigen*’. Although there are only a limited number of positions 
available for comparison, they all match the amino acid sequence 
predicted from the LB14 cDNA clone (Fig. 5). In addition, the 
DNA fragments hybridizing strongly to the LB14 clone were 
. lacking in y-ray induced deletion mutants only when they had 
lost expression of the SB antigen (as detected with the ILR1 
- antibody) in addition to DC and DR (R. DeMars, personal 
_ communication). It should be kept in mind, however, that 





SBa chain relies primarily on the specificity of the ILR1 anti- 
body. Preliminary analysis of a cosmid clone hybridizing strongly 
with both a SBB cDNA clone?” and LB14 has shown that it 
contains two SBa-related genes: SBa which hybridizes strongl 
with the probe and another gene provisionally named SXa 
which hybridizes more weakly (unpublished observation, see 
also ref. 22). These genes do not correspond to any of the 
previously detected a chain genes’” 
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evidence that the cDNA clones LB14 and LB24 encode the 


. The number of a chain 








genes is therefore at least five (DRa, two DCa-related andtwo 


SBa-related), and there are two additional genes or gene frag- 
ments designated DY ca hybridizing weakly with a DCa probe’. 
Furthermore, it is possible that other æ chain genes remain 
undetected with the DRa, DCa and SBa probes. This is in 
marked contrast with the situation in the mouse, where only 
two a chain genes have been found in the I region’. 


Human a chains and murine homologues 


The availability of the sequences of three isotypic forms of a. 


chain allows the study of their evolutionary relationships. Such 
studies aim at understanding whether the SB antigen is a 
peculiarity of the human system which appeared late in evolution 
or whether it existed for a long time and was lost in the mouse, 
which has no known SB equivalent. On the basis of the analysis 
of the limited protein sequence data available and the crossreac- 
tivity of the ILR1 monoclonal antibody with HLA-DR antigen, 
it has been argued that the SBa chain is an I-E or DR-like 
structure®’, The comparison of the complete sequences of the 
human DR, DC and SB and the murine I-A and I-E a@ chains 
clearly points out that DRa and DCa are the human equivalents 
of Ea and Aa respectively. On the other hand, the SBa chain 
is very similar to all other a chains (54-61% matching) (Fig. 
6). We have also made these comparisons domain by domain 
(Table 2). First, the SBal domain is more closely related to 
DRal than DCa1 (56.5 vs 47%), but closer to Aa 1 than Eal 
(57.6 versus 50.6%). Moreover, SBa1 is as closely related to 
Aai as DCa1 is (57.6 and 60%, respectively). It is therefore 
impossible to decide solely on the basis of this comparison if 
the human homologue of Aa is DCa or SBa. The second 
relevant observation is that whereas DCa2/Aa2_ and 
DRa2/Eqa2 are very similar (72.3 and 80.8%), SBa2 is as 
closely related to DCa2 or DRa2 (68.1 and 71.3%) as it is to 
Aa2 or Ea2 (63.8 and 67%). This comparison also does not 
allow a simple conclusion as to whether SBa is more like DCa 
or DRa. Finally, the pattern of homology observed in the third 
exon is different from that observed in the first two domains, 
Here SBa is clearly more like I-Aa (56%) than like Il-Ea 
(39.2%), but it is as similar to DCa as to DRa (56.9 and 52.9%, 
respectively). A tentative explanation to account for these para- 
doxical observations would be that the three isotypic forms of 
a chain genes result from a succession of duplications of a 
common ancestor gene and that after each of these duplications, 
genetic exchanges similar to those we have invoked as a tentative 
explanation for the allelic polymorphism of the DCa chain have 
taken place, so that the isotypes appear as patchworks of each 
other. In any event, the gene duplication events creating the 
SBa chain gene ancestor appear to be old, leaving open the 
question of whether the mouse lost it or man gained it. 





Table 2 Comparison of the amino acid sequences of human and murine class H antigen a chains 





a1 (85 amino acids) a2 (94 amino acids) 


CP/TM/CY (51 amino acids) Total (230 amino acids) 











DC I-A DR LE DC I-A DR LE DC I-A DR LE DC [I-A DR I-E 

SB 40 49 48 43 64 60 67 63 29 29 at 20 133 138 142 126 

De 51 41 37 68 59 60 46 30 19 165 140 116 

$o DA 45 38 55 56 3 2 129 115 
© DR 65 76 2 a 









The number of identical amino acid positions in each domain is indicated for each combination of sequences. The number. a amino er in each P 
omain is indicated. Excluded in this analysis are residues 1-2 in I-Aa and DCa and residues 231 in l-Ea since they have no einivalenti in other 
equences (see rig: 6). The origin of the diferent asaenee is indicated in legend to Fig. 6. 
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Chicken skeletal muscle myosin alkali light chains are encoded by a single gene of size 18 kilobases (kb). This gene o 
has two transcription initiation sites from which 17.5- and 8-kb precursor RNAs are transcribed.* These RNAS are a 
processed by different modes of splicing to form mRNAs encoding distinct light-chain (LC, and LC,) proteins. : 





CHICK muscle cells have been used widely as a model system 
for the study of the control of gene expression during cell 
differentiation” 

Myosin is a major protein component in the contractile 
apparatus in the cell, consisting of two large subunits of 
molecular weight 200,000 (200K) each and at least four smaller 
ones, that is, myosin. alkali-released light chains and dithio- 


nitrobenzene (DTNB)-released light chains*. The amino acid 


sequences of these chick myosin light chains have been deter- 
mined*. Skeletal muscle myosin is composed of two alkali light 


chains LC, (A;) and LC, (A2). Cardiac muscle has one alkali 


light chain which is homologous to skeletal muscle LC,, while 
gizzard muscle has another alkali light chain which is 
- homologous to skeletal muscle LC, As for the DTNB 
n gnl chains (LC,), skeletal and gizzard muscles have one 
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homology of these peptides suggests that genes of these al 


< light chain. Cardiac muscle, however, has two 
© -of both mRNAs were completely identical. In contrast 
S'sterminal 108 nucleotides of LC, were quite different fro 
the 5’-terminal 78 nucleotides of LC}. : 





homologous DTNB light chains, LC,, and LC2,. The: sequence: S 







and DTNB light chains are related and have possibly è olv 
from one ancestral gene. Furthermore, during gene evolution, i 
these genes must have acquired the machinery required for 
tissue-specific gene expression. The analysis of fine structure 
and regulatory mechanisms of this gene family should help to 
elucidate the control mechanisms of gene expression during cell 
differentiation. There have been several ee on the gene 2 
structure of myosin heavy and light chains® na 

To study light-chain gene expression, we have determined- 
the nucleotide sequences of cloned cDNAs for skeletal muscle. 
myosin alkali light chains LC, and LC, (ref. 11). The results 
indicated that not only the sequences of the coding region 
corresponding to the C-terminal 141 amino acid residues of 
LC, and LC; chains, but also those of the 3’-untranslated regio 
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Fig. 1 Restriction and hybridization analysis of cloned LC, / LC, 
gene fragments. A chick gene library in Charon 4A bacteriophage 
prepared from random partial Haelll/ Alul digests of chick DNA 
was given by Dr J. D. Engel’. Phage plaques were screened by 
the procedure of Benton and Davis” with the cloned chick skeletal 
muscle LC, and LC, cDNA inserts from plasmids pSMA, — 1 and 
pSMA, — 1 (ref. 11) as probes. Filter hybridization was performed 
overnight at 65 °C in 50 mM Tris-HCI buffer pH 7.5, containing 
1 M NaCl, 10 mM EDTA, 0.1% sodium dodecyl sarcosinate, 0.2% 
polyvinyl pyrrolidone, 0.2% Ficoll and 0.2% bovine serum 
albumin. The filters were washed twice with 0.1 x SSC (1 x SSC = 
0.15 M NaCl, 0.015 M sodium citrate) and 0.1% sodium dodecyl 
= sarcosinate at 65 °C for 30 min. Phage DNA was prepared from 
lysates of Escherichia coli DP50/supF essentially as described 
elsewhere”! a, Cloned LC,/LC, gene fragments (ASMA,, ASMA, 

- and ASMA,) were aupped by single and double digestion of phage 
DNA. Phage DNAs (1 pug) were digested with EcoRI, Hindlll, Kpni, Bgill, Xhol or BamHI as recommended by the supplier. Restriction 
fragments were analysed by agarose gel electrophoresis followed by staining with ethidium bromide. Sizes of the fragments (given in kb) were 
determined with reference to the mobilities of HindIII-digested ADNA fragments. Y, EcoRI; 4, HindIII. Fragments detected by Southern 
hybridization in b are indicated by their length (in kb). b, ASMA, DNA was digested with EcoRI (RI) or HindIII (IH) and electrophoresed on 
a 1% agarose gel. The restriction fragments were transferred to a nitrocellulose filter according to Southern’*. One set of filters was hybridized 
with 10’ c.p.m. mi~? of **P-labelled LC, -unique (A,) or LC,-unique (A3) segment at 65 °C and washed in stringent conditions. These segments 
were obtained from cloned cDNA (pSMA, ~ 1 and pSMA, ~ 1) by cutting with HaelIL. 2.2-kb EcoRI and 4.7-kb HindIII fragments (A,), and 
4.2-kb EcoRI and 1.1-kb HindIII fragments (A,) were demonstrated. Another set of filters was hybridized at 55 °C and washed with 5 x SSC 
at 55°C. In addition to the four bands described above, 4.2-kb EcoRI and 0.75-kb HindIII bands (A,) and a 0.75-kb Hindili band (A;) 


Genomic clones 
SMA t. 


a 





appeared (shown by arrows). Only the latter photograph is shown. 


What is the relationship between the genes for the LC, and 
LC; proteins? There are two possibilities: (1) the LC, and LC, 
peptides are encoded by two distinct genes; (2) alternatively, 
while the 5’-terminal regions of the LC, and LC, mRNAs are 
encoded in two separate DNA segments, their 3’-terminal 
nucleotides are encoded by a common DNA segment on one 
gene. Complete identity of the 3’-side of the mRNAs strongly 
suggests the latter possibility. To distinguish between these 
possibilities, we isolated a genomic clone of myosin alkali light 
chain from a chicken gene library. Here we report the gene 
organization and a novel regulatory mechanism of synthesis of 
mature LC, and LC, mRNAs. 


Cloning and characterization 


Approximately 110° plaques from the chicken gene library 
were screened with a **P-labelled LC, cDNA clone, pSMA; ~ 1 
_ (ref. 11), as the probe. Ten clones which gave strong hybridiz- 
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ation signals were obtained, but these clones did not hybridize 
to the 5’-terminal region of an LC, cDNA clone, pSMA,—1 
(ref. 11). Therefore, two more genomic clones ASMA, and 
ASMA, (Fig. 1a), were obtained by using the LC,-specific DNA 
fragment at the 5’ terminus of pSMA, ~ 1 as probe. 

To locate the sequences that specify the 5’-terminal portions 
of LC, and LC; mRNAs and the common region of both 
mRNAs, DNA fragments of these genomic clones were analysed 
by Southern blot hybridization’* (see Fig. 1a, b). The region 
common to LC, and LC, mRNAs hybridized to a 4.5-kb DNA 
fragment localized at the right end of the ASMA, insert (data 
not shown). The 5’-terminal segment of LC; mRNA lay ~ 4.0 
kilobases (kb) upstream from the common region of the two 
mRNAs, as shown by hybridization of a 1.1-kb HindIII fragment 
(Fig. 1b). In contrast, the 5’-terminal region of the LC; mRNA 
was found in a 2.2-kb EcoRI fragment (Fig. 1b) ~ 13 kb 
upstream from the region of the genome that the two mRNAs 
share (Fig. 1a). A 0.75-kb HindllI fragment hybridized to the 
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: Fig. 2 Organization of the LC,/LC, gene and sequencing strategy. Genomik DNA (21 kb) containing the LC,/LC, gene is represented by 
>o. a large horizontal bar, oriented in the 5’ to 3’ direction (left to right). The vertical bars numbered 1 to 9.on the. restriction map indicate - 
~ exons; a-h indicate intervening sequences, the lengths of which are also shown. A 2.2-kb EcoRI fragment (containing exon 1), Hindit 
-i fragments of 1.1 kb (exon 2), 0.75 kb (exons 3, 4) and 1.3 kb (exon 5) and a 3.5-kb BamHI fragment (exons 6 to.9) were subcloned and 
‘mapped: by single. and double digestions of subcloned plasmid DNA. Ba, BamHI, E, EcoRI; Bg, Bgill; H, Hindli; Hf, Hinfll; P, Poull; 

` Xbal; Hi, Hincll; S, Sau961; D, Ddel, Hp, Hapll; Bs, BEI; and Av, Aval. Only those. restriction enzyme sites that were used for 

7 DNA sequence determination are shown. Each arrow indicates the direction and length of the sequence determined from appropriate restriction 
< sites. The exact locations of exons were determined by DNA sequence analysis. The lengths of these exons are: exon 1, 257 base pairs (bp); 
ee 74 bp; 3; 25 bp; 4, 28 bp; 5, 144 bp; 6, 174 bp; 7, 78 bp; 8, 53 bp; 9, 317 bp. Stippled arrows show the DNA. segments | used for S, mapping i 
ce of tre 4. The small open bars labelled A, B and C represent the DNA fragments used as hybridization probes for: Southern blot analysis of == 
| - Skeletal momig and liver DNAs (see Fig. 5). V, EcoRI site. l n 
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GAACGCGTTCAATCCATGCCCGAACGTCAACAGCAGGT GTAAAGCGGATTGTGTCACACATT TCCCCTCATACTTT'TCACAAGGT AAAA AAAAAAAGGAAAAAAGGAAAAAAARAAAGGCAG l 
AGGAGGTGGCTGGGGTTTTTAARAGAGGGGGGAAAAAAAGGCTCTGAAGTCOCCCTTGATCTTCTGAAGCCCTGAACTCZATA TCCATTTATAGCCCGAGCTGGAATGACACCCCCCTCGATTA `. 
GGGACTGTCCAATCCAGCTGTCAGGATTGT ACAAGGCGCTAAGTGAAABATATATATGCCCTTATAGAGTTT AGCACACTEGGTCCACCGCCAGGCACGGGCTGTAGCTCATTCCGACCACT © 
GCTTCTCTCCCAGGAATCGCTTTTAGGGGGGTCTTCAGGTTCTTTTTTTGGGGGGGGCCACCTTCACTCTCAAGTTTAAGCAACACAAAATG GCA CCT AAG AAG GAG GTT AAG aie 
Met Ala Pro Lys Lys Asp Val Lys É rae 
AA CCA GCA GCA GCA GCA GCA CCA GCA CCC GCA CCT GCG CCA GCA CCT GCA CCA GCG CCC GCT AAA CCC AAA GAA CCA GCC ATC GAC CTC AAG 
ys Pro Ala Ala Ala Ala Ala Pro Ala Pro Ala Pro Ala Pro Ala Pro Ala Pro Ala Pro Ala Lys Pro Lys Glu Pro Ala tle Asp Leu Lys... 
AGC ATC AAG GTAATGGATGAACGCGTGCTGATCGCTGGCCCCAAACACTCCCAAGAGGGAAAGTTAGCAGAGTT CTT GCTGARACCCGCAGTGAAATGTTGTGTGTGITTGGTTCCTGT 
Ser fle Lys “°” ae 
COTGAAATGARTANGTNACCCTCGGGCAGTGGATTTCTTGAGCTGCTGAGCTITTGGTIGTTTTAGTAGCTTGGAGGGGTGTGAGGCATGGCECATGATTTAACAGAAGAGTGCAGCTTGGT 
GACTGCAAGCATATTGCATATGGTCACCCTCTTACC AAACCAGTATCAGCCTGACTTGCTTAGTAAAGCTGAAGTTACAAGTTCCACCAAAAAAACCCAAAATACCAACCCAARAAAAACEE 
CACABRAAAAATGAATCCCCCAAACCCGAAGT ~~~ 8.5 kb~ ~~ ACATGGCACCTCATTGCCCTCAGCECTCCTCGATTGGG TAGCTTATTGGAGAAATAGGAGCCTCTCCTA 
GT AGGCCCGGACAAGGAATATCCCCTCTTGATGGTCCAGACCCCAGAAAGTGCTGACATGATCCAAACTTGCTGCTTGCAA TYGCCCCTCTCCAACCTCCTAAAAACAG 
AGGCCCATCAAGGTACGGTGECCAC TOTCACTTTGCCCAAGAAAGCTAGAGAACTCACCAAGGGGAGGGGCAGCTTCCTTCT CCOTAATCCAGCAATGCCGTCGCGCTGCE: 
RANGGGGAAGAAAGGCCAGGA AGC GGACCACTCTCAGAGACCTCTCAGCTAATCCTCCGGCCCGTCCGCCGCTCTACTEETCCAACTCTCAATC ATG GTOGGTTCACTOCH 
Met 
GTTAGCAGCGAGGCAGTGTATTTTACAGCAGTAAATTCAGCTTCTTGTTCAAGTTAGTCCTAGGGGGGAGGATAGGCCAAGAGGTGACAGTTCAGGTTTGCTTGATTTTCOTCTGI 
TTAATACAAGAGAGTATCATAGCTTAAYGCTTTATGAACARARGCTTGGAAGGCATGATTTATTTTCTATGTTAATGTT TAAARAGAAAAARAAAARGAAARAARACCCGCCAGGTAT 
TTACCTCAAATGGGTTGGTATTTGAGTCTATACTAAAGTATTAAGTGACCT GGTGGTACATAAACAACCTATTTGT TAAGAAACTGTAGATTATTAGTGCTICTGGCCACAACC’ 
CTCAGGGATGCAGGTTTTTACAAGAGCCCTAAAAACAGGCCTGGGGATGCATTTTTACATGGCAGGTTGCCAGTT TGGGTTTCTGTGGCCTAATTACATCAGGCAAGGCAGATATG 
GCTCAGCACCTGTGCATTTICAGCAGTACTACTICTCOTTITITICTEICTCTCTICCCAACTGCAG TCC TTC TCA cer GAC GAA ATC AAT. G GEMACTGAARCARAS) 
Ser Phe Ser Pro Asp Glu Ile Asn A "7 >; i ee 
ACTAACAGGGGGCAGGAGGGGGGACCGTAACGGCTACCAAAAAGCTARACGTTCACCGGTCTTAAGAGCTCTTTTGCCATCTGCATCACTTCTGTGCATCTGTCAGGCCACGGTTTTTGCTS 










TCTTGGAAGATACTCATGGATTGAGCTGGATGCTTTAGARAACAAGCAGGTTCTCOCCCAGCCCCCOCTICCTAAGCTATTTTTTGIGATTGATTTCCGACCAG ATC GAG TTC TCO AS) 
kad Tle Glu Phe Ser Gees: 


AG GAG CAG CAG GAT G GT AAGTTACAAGACAGCTGATGCGTTTGACATGTATGTGAGTTC AGAGGGGAGCTACAGTCTTGAAAG ~~~ 2, 7 kb---CTTATTITACTCTGTGCTTGA 
ys Glu Gln Gln Asp A “F 
AATAACTAC AAGGTCAATT GCAARACTACTGGTGGCTTTTAGAGTCAAGAAAGCTACAAAAGGT AGTCAT AAAAGT TTAAAAATAGAGAAACCCAAACATCAGAGAGGAGGAGTTTCTCTTG 
GAACTGCAGGCCAAAGATTCCOCTGCTAACTCCECTGGAGTCGTTGGAACGTACAGGAGACAACAGGCCCACAGCTTGGTCAATGCAACGGGTCAAAGTGTAGCTCCOCTGCCTCAACTAACE 
ATTGCTCTTCCCTTGCAG AC TTC AAG GAG GCC TTC CTC CTC TET GAC AGG ACT GGT GAT GCC AAG ATT ACC CTG AGC CAG GTC GGT GAC ATC OTY 
=e sp Phe Lys Glu Ala Phe Leu Leu Phe Asp Arg Thr Gly Asp Ala Lys Ile Thr Leu Ser Gln Val Gly Asp Ile Val 
CGG GCA CTG GGA CAG AAC CCC ACA AAC GCT GAG ATC AAC AAG ATC CTG GSC AAC CCC AGC AAA GAG G GTAAGAACCCTGCTATCTCTCTTGGACCTTI® 
Arg Ala Leu Gly Gin Asn Pro Thr Asn Ala Glu Tle Asn Lys Ile Leu Gly Asn Pro Ser Lys Glu G sS 
TCAGACTGGGGAACTAATTAGGAAACATCAGAACTCCCAGTAGGAGGAAGACGATTTTTTGCTCCAATAGGGAAGCAAGGCGGGCACTCOAACAGCAGCAAGGGGAATTTTGCCAGTT TOT? 
TTGAAGAAGATT GGGGGCAGCAGGGAAGTACTGCOTTCTAGGAAAAGGAAGCCTTATCTCTGGGCTATGGAGTGTCTCTGCAGAGAGATCACTTTGTCGTCAGCTTGGAGCGCACGCACTTC 
TTACTGCTCACAGTCTCTTTGTGACCCAGACTCCTCAGCAAGGGGCTATTTCAAGCAGCAGTTCTTTTGCATTAGCTGAGACATACCCCAAGAGTAGAAACCOAACTGOTATATTGTAGCTGA 
ACAGAATGGCCTTTTTAAAACTGCTACAAACCTAGTCACGCACAGCACAATTTATTACTGGTCATTTACTAACTGTCACTITCTATTTCCTTTCTTCOTCTGTAGAGATAAAAAGTGCOTAAA 
TTTTGTGATAATCTCCTTITTAACAAGGACTTGGCTGCAGGACATCACCAATTCCAGAGAGTCACATATTAGGATAGGCCAAACAATATCCAAACCATCCGGCTGGAAAGAGAGGCTCTAAGG 
AACAGTTTGTAAGTCOCTGAGSTTAAGCATTAGCATCAGTGGGAAGTGCT AAGCAGAAGACTAATACCGAGCTGAGACAGTGCTTTAAGTGACTATACCAATAACTGAACGTCTTTATATAGCT 
GGGTAGTGAAATAGTTICTGTAACAACTATCTTTTECAAAAAGCTCTTATATTTCCACCTATTATATTICATCCTCACCCAGATGAAAGCTGCTCOCTTGAAAGGGTTTAAGTAAGAAAGAAAA 
AGAAAGGGATCCTTGCCATCTGGGAAGGCCTCACTGAAGACCTICAGCTTCTGGAAACAAAGGGGCAAGATGCAAGCTTGOTGAGOCCTIAAACCTCCGCAGTGAGCATGCTGAATAGCAGAT 
TTGGATACCACCTCCACTGAGCGTCCTATTTTTAGTTGSTTITATTCITTTGCCAAGTCTCTGCTATCACATCCAAGAGAAAGTGATGAGGCCAATAACACABAGTTGACAAAGCCAGGGGGG 
GCTTTAAGTCCTGCACTCACCTCTGCCTTAAAACCTAGGCAGTAGTAAAGGAGTTCTGOTTTCAGTGTAATTCTGTAAGCTCCCCCATTGCCAARATCTTTTIGAAGATCAACTCOCGTAGCA -— 
CGCTTCATTTCTGAAAGGAAATATGCAACACATGCACTTTATAAAGCC ATGGGAAAAGTGGAGT AGAGARAGGATGTGAAAAAATCAGATGGATTCCAAAACTAACTCCAACAATAGGAGARA 
TCTGATTCTGCAGAACAGCCAACCCCCTGTGGTGARAGAGCCTTGCAAGTGAGGTGTGAGGCTTCCCCARATTICATGTGAATATCCTAGGTGAACATTCAAGTATCCAGCAGCATTGCACA 
TGATAGCTTTCTTTGCAG AA ATG AAT GCC AAG AAG ATC ACT TTT GAA GAG TTC CTG CCC ATG CTG CAA ATG GCA GCT GCT AAC AAC AAG GAT CAG 
77 lu Met Asn Ala Lys Lys Ile Thr Phe Glu Glu Phe Leu Pro Met Leu Gin Met Ala Ala Ala Asn Asn Lys Asp Gin 
GGT ACC TTT GAA GAC TTT GTT GAA GGT CTG CGT GTT TTC GAC AAG GAA GGC AAC GGC ACA GTC GGG GCT GAG CTC CGC CAT GTA CTG GOT AC 
Gly Thr Phe Glu Asp Phe Val Glu Gly Lew Arg Val Phe Asp. Lys Giu Gly Asn Gly Thr Val Gly Ala Glu Lew Arg His Val Leu Ala Th 
A CTG G GTAAGGGATTATCGCACTGTGAACACARACAATTGOCTGCTGTTT GAAGGCAT GAGAGAGGGAGGAAGAATGTTGTAACTAGCTT AGACAGGTGGGAGGCTGCTGGCCAAGACTC 
r Ler G `T 
TTGGAAAGCTGATGCARAAGCAACAGAAAGATCAARAGAAAGAGTTTTACTTCTGAACTCAAATTAGGTACTRAAAGGGTCCATGTAGGGAGAGAGAGARAAGGCTGTAATCTOTAGTOGCOT 
AALSCACACAGATAGAGGATTTGCTGCATASTTCTICACTCTGTAAATGGCT GGGACCCTATGTCTACGTGCATGTGCAGARCTTGTAAAGAAAGTTAAAATGAATAAGTCTTAGTTCAGCA 
ACAGATCTICTEGCTACTATCTCAGAARACARAGARAGCATTTGGAAANGCTGCAGGATTCAGCCTCAGCTGTCTGTTTAAGAATTARCCAGGCTGCCTTGGCCECCAG GC GAG AAG A 
“ iy Giu Lys N 
TG ACA GAA GAG GAA GTA GAA GAA CTG ATG AAA GGT CAG GAA GAC TCC AAC GGC TGC ATC AAC TAC GAG G GTACCTGTGGGGGTTCAACACCCETCTTGT 
et Thr Glu Glu Glu Val Glu Glu Leu Met Lys Gly Gin Giu Asp Ser Asn GLY Cys Tle Asn Thr Giu A 
CCTACATTICATCCCTGAGTCACATTGCAGTTGCCTOTTAGCTATGCTTT GCCCACCCAATTTGCCAGAGAAGCTTAAGT TACGTTGAAAGGTTTATGCATGAAAATGATGTGCOTACCCAG 
CAGTCACACCACGGGAAAGGCTACGTTCAGCE ACAGCGAGAGAAGGCCACTGCTGTTAGCCCTGGTGCTCTAGGCTCTGACATTCTGTAGAAAAGCTGCCATAATTGGAAGTAAACTAACCE 
ACAGCTAATGCT TGGGCAAAATGATCCATCTGACATTCAGTCTCATCACATCCAAGCACGGGACGAGTATTAAACACTTCARAGTITCTATCACTTTTGCTGAGCTCARATCTGATCAGAAGC 
GTGCCTTPTTCAACACCATCAGCTCCTGAGCAGCTCTTGCTITTGAAGGTGTCTCOTGAAGTAATATTTGCTGCTCCTTCTAACTATCACATCCGTATTTTTTCCGCAG CA TOT GTA AA 
““ ja Phe Val Ly 
G CAC ATC ATG ToT GTC TAAGAGGACGTCCCCAGATAACARATGGTACGTTCCCAATT T GCATGCTTAGCCTCGTCTCTTTGCTATGCTTATAGGCTICTICTICCCATGGCCAGAC 
s His Ile Met Ser Val 
ATAGGTTGTGAAATCAACATGACACTGTCTCACCAATGATAAAATTAAACTGCTGTCCAAGAGCAAAGAGCACAGGAAGGCAGATCTCTGGGTCTTATTCCCAGCTCTACAACTGGTTAGAA 
ACTCAGATGCCATTTATTGGATTTTTCCCACAGCCAAATCGTGAAAAAATGCTCAGTTTACCTATGAGCATGARAAAAACTTGAGCTT AAATATCATCTTAGATTTCTGTTGTCATATAAGA 
GTTCACACTATGCAATTGACACCTIGAGAATAGATCAGAAACAACTAATAACACTCTGTAT CAST GCGTGAAGACGCTACACATGTGACACGGACGCTTTCAAAGAAATGAAGTAATTATCT 
GAAGAAAGTATTTTAACAGTCATGGTCAATAGCCAAATTGGTGGGCTTCAGAAGTGCATTCAGCAGTATTICTACAAGCAGGGGGAAAAGAAAAGCAATAAAAGAAACAACACAACCOAGAA 
CCTTCATATGCTTCTATTTITGTCAGCAGAARAGCTTICAGTTACCTCTCTITTAABATGCAARCAAGAT ACC GGGGGT GT GT GGGCTCCTTTGAGCTGCTATCCTATGCTGGGAGAGACAAT 
CCCAACTCACCGTGCAACTAAACAGGCATCTCAAAAGCAAAATTAAGSGCTCCATTTOTCATTTTGCAGTGTT TCT TCAGCCAAAGGTGATT PCAAATCGAACTCTTCCATTCOTTCCT GA 
ACAAGTTGAATTCGGAAAGACCAGTAGGCACCTAAGATCTGCCTGAGATGAAATTCITGCTCTGGCAGTCATCATCAACATGGAAACTGCGTAGACTGGACAATATGCCTCCAAACCCACSA. 
CTTTTCTITTTAACCAGTGCATCCATAGGCATTGCCTCTGGGTCACTTCCAAAAACTGAACTTTCACAGGGAGAGTTAGATGGAAAAACTGCCACTGTCCAGCATTCATCCATCCCAAGCAT 
CTCTTTCCATGTTGTTTCCCATGAAAGAATGTAAACCTCTGGAAAAATAAAGCATCAGTARAATCCCTIGTTGTCACTTTGAGGCT 
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Fig. 3 a, Nucleotide sequence of the chicken skeletal muscle myosin alkali light-chain gene. DNA sequences which correspond to the exons. : 
and the flanking regions of the introns of the LC,/LC, gene were determined by the method of Maxam and Gilbert>*. Strategy for the 
sequencing is shown in Fig. 2. The amino acid sequence is shown beneath the nucleotide sequence. The sequences TATATATA and _ 
ATAAATAA are boxed. AATAAA is double-underlined. GT and AG residues present at the 3’ and 5’ boundaries of exons are also |. 
double-underlined. Repeated nucleotide sequences found in the 5'-noncoding region are underlined. V, The location of the terminus of the 
probe generated by S, mapping procedures (see Fig. 4). O; The postulated nucleotides of the 5’ termini of LC, and LC, mRNAs. b, The 
point of divergence between LC, and LC, mRNAs. The cDNA sequences. at the junction of the unique and common regions in LC, (PSMA, —1). 
and LC, (pPSMA,~1) mRNAs’? are aligned with the sequences of the corresponding regions of genomic DNA to examine their hremology. a 
Arrows indicate splice sites. Intervening sequences are indicated by small capitals. a 
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Fig. 4 S, nuclease protection mapping of the 5’ termini of LC, 
and LC, mRNAs. a, 180-bp Ddel/ Ddel restriction fragment from 
a genomic clone, ASMA, (see Fig. 2), extending from — 172 to 8 
of the LC, gene was prepared with **P-labelled 5’ termini, then 
strand-separated. The single-stranded fragment (0.1 pmol) was 
hybridized with total poly(A)* RNA (40 yg) of chick skeletal 
muscle in conditions described by Berk and Sharp'*. After 
hybridization, the mixture was incubated with $, nuclease (100 U) 
and the digest analysed by 8% polyacrylamide~8 M urea gel 
electrophoresis. To provide chain length markers, the relevant 
DNA fragment was degraded by the Maxam-—Gilbert procedure*” 

and electrophoresed in parallel, then autoradiographed for 24h. 
b, A 1.1-kb HindIIl/ HindIll restriction fragment of a genomic 
clone, ASMA3, was prepared with **P-labelled 5’ termini then 
cleaved with Poull (see Fig. 2). The resulting 0.62-kb 
Hindlll/ Peull fragment (0.1 pmol) was hybridized with the total 
poly(A)* RNA (250 pg). The conditions for hybridization, S, 
digestion and gel electrophoresis were as described above. The 
labelled fragment which hybridized to the primary transcripts for 
LC, or LC, mRNA was protected from S; nuclease digestion. The 
content of the primary transcript was much smaller than that of 
mature LC, mRNA. As only the primary transcript from this 
region could protect this probe (note that the label is in the intron), 
the protected band was much weaker than in a where more 
abundant mRNA could protect the probe. The 0.62-kb protection 
band which hybridized to the primary transcript for LC, mRNA 

was also seen (data not shown). 


Per and LC, 5’-terminal regions in less stringent conditions 
~ (Fig. 15). For further examination, these DNA fragments were 
| subcloned i in pBR322. 


C ding and flanking regions 

The DNA fragments containing coding sequences were iden- 
_ tified by Southern blot hybridization as described above, then 
-the nucleotide sequences of the exons and their flanking regions 
were determined as described in Fig. 2 legend. 

-o The myosin alkali light-chain gene is separated into nine exons 
-by eight intervening sequences (see Figs 2, 3). Exons 1 and 4 
-are specific for LC,, while exons 2 and 3 are specific for LC3. 
-Exons 5 to 9 are shared by both LC, and LC, mRNAs. Exon 
<1 encodes the 5’-terminal noncoding sequence and N-terminal 
42 amino acid residues of LC,. The second exon is present 
~9.2kb downstream from exon 1. This exon 2 contains the 
terminal noncoding sequence of LC; mRNA and the initiation 
odon ATG. The third and fourth exons contain the coding 
quences corresponding to 8 and 9 amino acid residues of LC, 
d LC, peptides, respectively. These two segments are con- 
| Teee to the first nucleotide of the common region 
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Fig. § Analysis of LC,/LC, 
gene in chick skeletal muscle 
and liver DNAs by Southern 
blot hybridization. High 
molecular weight chick skeletal 
muscle (S$) and liver {L} 
genomic DNAs were digested 
with EcoRI. The products were 
electrophoresed on a horizontal 
0.8% agarose slab gel, then 
transferred to a nitrocellulose 
filter by the procedure of Southern’*. The filters were hybridized 
to the nick-translated DNA fragment a, b or c (A, Band C in Fig. 
2) at 65 °C for 16h and washed with 0. l x SSC. Specific activity of 
the probe was 0,5-1.5* 10° c.p.m. pg 





of LC, and LC; mRNAs present on exon 5 (Fig. 36). This 
common region of LC, and LC, mRNAs is divided into five 
exons. 


Location of 5’ ends of LC, and LC, mRNAs 


To localize the 5’ end of LC, mRNA, a 5’-terminally labelled 
anticoding strand of the Ddel/Ddel fragment (Fig. 2) was 
hybridized with the chick skeletal muscle poly(A)" RNA, and 
the reaction mixture digested with S, nuclease’*. Figure 4a 
shows that one major protected band was detected in the gel 
together with some minor ones. The major protected fragment 
was 146 nucleotides long. The presence of a cap is known to 
hinder S, nuclease digestion of DNA probe by about. four 
nucleotides as reported for B-globin'* and a-interferon’*. We 
conclude, therefore, that the 5’ terminus of the LC, mRNA lies 
at the G residue 131 nucleotides upstream from the initiation 
codon. 

To determine the second initiation site, the HindIII site 187 
nucleotides downstream from the initiation codon of LC, 
mRNA and present in the intervening sequence, was labelled 
and cut with Pvull. The probe was hybridized with the total 
poly(A)* RNA, then a similar S, nuclease protection mapping 
was carried out to locate the 5’ end of the LC, mRNA. Figure 
4b shows that the major protected fragment was 269 nucleotides 
long. We conclude from these results that the 5’ terminus of 
the LC, precursor RNA lies at the A residue 71 nucleotides 
upstream from the initiation codon. 

Approximately 30 nucleotides upstream from the 5’ terminus 
of LC, mRNA is a “TATA box’?®, TATATATA. A CCAAT 
sequence is also present ~ 70 nucleotides upstreams from the 
5’ terminus of LC, mRNA (Fig. 3). Another TATA box, 
ATAAATAA, is also found ~ 30 nucleotides upstream from 
the S’terminus of LC; mRNA. These results support the idea 
that the transcription of the precursors of LC, and LC; mRNAs 
initiates at two different points. Short sequences of CTCTCAS 
(inderlined in Fig. 3) occur between the 5’ terminus and the 
translation initiation codon of both mRNAs. 


Divergence between light-chain mRNAs 


Figure 3b gives the sequence at the relevant splice junctions for 
the two alkali light-chain cDNAs and the corresponding regions 
of the genomic clone. Examination of the sequences at the 5’ 
boundary of the first common exon (exon 5) and the 3’ bound- 
aries of LC, - and LC,-specific exons (exons 4 and 3 respectively) 
indicates that the divergence between LC, and LC, mRNAs 
occurs precisely at the splice junctions. The observation that a 
GT follows exons 3 and 4, and AG precedes exon 5 in the 
genomic clone, | is in accordance with the GT-AG rule for a 

splice junction?” and is consistent with the prediction that each 
exon can be alternatively spliced to form the mature mRNAs. 


_ These results indicate that, whereas the 5’-terminal regions of 


LC, and LC; mRNAs are encoded in different DNA segments, 
their 3'-terminal sequences corresponding to the C-terminal 


141 amino acid residues and the 3’-untranslated regions are is 


encoded in a common DNA segment on one gene. 








































- the LC,/LC, gene and the mode of 


precursors. Boxes 1 to 9 show the 
exons and the dotted line represents 
the intervening sequences. Solid 
boxes (1, 4) and stippled boxes (2, 
3) are unique for LC, and LC, 
mRNAs, respectively. Hatched 
boxes (5~9) are common to both 
mRNAs. TATA, TATA box. 
AATAAA, putative polyadenyla- 
tion signal. AUG, transcription initi- 
ation codon. 
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Structural rearrangement of LC,/LC, gene 


There are several possible mechanisms by which each mature 
mRNA can be produced. Because each unique sequence 
of mRNA is located 5’ to the common sequence of LC, and 
LC, mRNAs in the gene, it is possible that the gene segment 
unique to LC, (exon 1) or LC; (exons 2+ 3) mRNA translocates 
to the upstream region of exon 4 or exon 5 by a gene recombina- 
tion mechanism such as that demonstrated in immunoglobulin 
genes'®. A second possibility is that the DNA segment of exon 
1 or exons 2 and 3 binds to exon 4 or to exon 5 without deletion 
of any DNA segment by an unknown mechanism, then the 
precursor RNA is read through. As a third possibility, ~ 18- 
and 8-kb precursor RNAs may be transcribed, respectively, for 
LC, and LC; mRNAs and the latter two may be produced by 
different splicing pathways. 

To test the first possibility, skeletal muscle and liver DNAs 
were examined for the organization of the LC,- and LC,-specific 
sequences. Figure 5 shows that both chick skeletal muscle and 
liver DNAs gave rise to the same single band of 2.2, 9 and 
4.3kb each by Southern blot hybridization of EcoRI digests, 
with the probes containing exon 1, exon 2 and the first interven- 
ing sequence, respectively (A, B and C in Fig. 2). The sizes of 
the resulting bands are the same for skeletal muscle DNA and 
nonproducer liver cell DNA and identical to those of the cloned 
genes (Figs 1, 5). These results strongly suggest that the skeletal 
muscle alkali light-chain gene occurs once per haploid genome 
and the skeletal muscle LC, and LC; mRNAs are transcribed 
from the same gene that we isolated from the gene library. The 
results also indicate the structural rearrangement does not occur 
in the region of the LC,/LC, gene of the skeletal muscle cell 
DNA, and that the DNA segment corresponding to the first 
intervening sequence is not removed from the skeletal muscle 
gene during cell differentiation. The second possibility does not 
seem likely as in a preliminary experiment, we detected 17.5- 
and 8-kb RNA bands by Northern blot analysis’? of total 
poly(A)" RNA of muscle cells, in agreement with the postulated 
sizes of the primary transcripts (data not shown). 


Discussion 

he present study has revealed a novel aspect of gene regulation 
karyotic cells, that is, the production of two different 
peptides from one gene by differential transcription. 

` Some of the viral genes, including simian virus 40 (ref. 20) 
and adenovirus”', are known to produce more than one polypep- 
tide from a single stretch of DNA. Apart from viral genes, a 
few cases are known where splicing occurs to produce different 
mRNAs. The splicing of alternative exons results in the 
expression of either the secreted or membrane type of immuno- 
globulin u chain”? and 6 chain”*, where a polyadenylation site 
intercedes between the exons involved in switching. The cal- 
citonin gene is also reported to have alternative splice events, 
which results in an additional peptide, referred to as calcitonin 


gene-related peptide (CGRP)**. More recently, the murine aA 
crystalline gene was reported to produce two polypeptides by f 
alternatively selecting an exon present in an intron“. In the 
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amylase gene (Amy1^), different transcription initiation sites n 
of the same gene result in a different pattern of splicing, to _ 


produce different mRNAs; this, however, does not affect the _ 


structure of synthesized proteins”®. Poo 
This represents the first report of a cellular gene which pro- 


* 


duces two polypeptides from a single gene by differential initi- _ 


As both alternative pathways are operative in adult muscle — 
cells, the simplest model would be the first possibility. When - 
exon 1 is transcribed, the donor site of this exon finds the 
acceptor site of exon 4 as partner. When exon 2 is transcribed, 
on the other hand, the donor site of this exon finds the acceptor 
site of exon 3 which has been overlooked by exon 1. Then, — 
exon 3 disregards the acceptor site of exon 4 but takes exon 5S 
as a partner. Whatever the mechanism for this, the presence of 
the alternative splicing pathways as depicted in Fig. 6 argues 
against any simple scanning model from either the 5’ or 3' side, — 
in agreement with Kühne et al.?’. Rather, it suggests a mechan- _ 
ism in which the secondary or tertiary structure of the precursor . 
molecule has an important role in selecting the splice site. The 
fact that the presence of the upstream sequence affects tremen- 
dously the pattern of splicing indicates a major role for the 
upstream sequence (and probably its higher order structure) in” 
the recognition of correct splice sites. 3 

The regulation of the production of LC, and LC; chains is 
of special interest. In early embryonic muscle (10-14-day — 
embryo), LC, is predominantly synthesized, with negligible. 
amounts of LC3. The latter appears in the 14-15-day-old 
embryo and is present in adult muscle in an amount comparable - 
to LC, (ref. 28). How this switch occurs is presently unknown. 
Whether only transcription initiation at specific sites determines | 
all the subsequent events, including the mode of splicing, or. 
whether other factors such as splicing machinery, stability of | 
mRNA and translational control take part in the production of: 
different polypeptides remains to be determined. eo 
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Limits on surface 
_ magnetic fields of fast pulsars 


> : Indian Institute of Astrophysics, Bangalore 560 034, India 





The rapid rotation rate of millisecond pulsar! PSR1937 +214 

_ Suggests that it may be close to the point of rotational instability. 

Rotational stability implies lower limits on the mass and moment 

of inertia, and an upper limit on the radius of the rotating 
neutron star. I show here that if fast pulsars are remnants of 
galactic bulge X-ray sources”, the limits on the structure of 
rotating neutron stars, as implied by the requirement of rota- 
tional stability, can be used to set limits on the surface dipole 
magnetic field and the slow-down rate. 

Neutron stars have essentially flat density profiles and are 
well approximated by Maclaurin spheroids. Above a certain 
rotational speed, there can be bifurcation from the axisymmetric 
Maclaurin sequence to non-axially symmetric Jacobi ellipsoids, 
at which point the star may become unstable. This (secular 
instability) limit corresponds to an angular speed Q, given by’ 


02/27Gip) = 0.18 (1) 


where (p) is the density of the Maclaurin spheroid, and G is 
the gravitational constant. Assuming PSR1937+214 to be a 
~ uniformly rotating neutron star on the verge of secular instabil- 
ity, equation (1) implies (corresponding to its period, P = 
1.5577 ms) the following minimum average density: (p)= 
2.4 x 10'* gem”. Once rotating neutron star configurations are 
<- known, this gives lower limits on the mass and moment of inertia 
(Main and Imin, respectively) and an upper limit on the radius 
(Rmax) Of fast pulsars. For a representative choice of the equation 
of state (EOS) of neutron star matter. Datta and Ray have 
constructed rotating neutron star models®; these limits are sum- 
_ marized in Table 1. Also listed are M,,4, Imax and Rmin, obtained 
using the condition of hydrostatic equilibrium. 
- Galactic bulge X-ray sources invoke a neutron star accreting 
: matter from a keplerian accretion disk fed by a companion. 
When the accreting region nearest to the neutron star is a 
-Keplerian disk, the neutron star will gain in angular speed until 
_ the keplerian angular velocity at the disk inner edge (the stellar 
-. Miagnetosphere’s Alfvén radius) approximately equals that of 
ae the star. The equilibrium period when the steady state is obtained 
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eee O Tabet -Bulk properties of rotating neutron stars at the secular instability limit for various EOS 


in SBE ee R nar (km) 
REL 13. oe 0.70 11.7 
Ref 14 0.76 12.0 
Ref. 15 (f* = 2.91 case) 0.79 12.0 
Ref. 16 (model 1) 1,20 13.9 
ons 1.72 15.6 
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where Bg is the surface dipole magnetic field in units of 10° G, 
Rs is the neutron star radius in units of 10°cm, M is its mass 
and m7 is the accretion rate in units of 10'7 gs~!. Thus, the 
weaker the neutron star’s magnetic field, the shorter its period 
of rotation. However, the neutron star can only be spun up to 
the secular instability limit, given by equation (1) as 


P,=1.05x10 M/M P R?? s (3) 
Equations (2) and (3) imply 
B€ 1.91(M/Mo (R) "t mh (4) 


Equation (2) is valid only if B is not so low that the Alfvèn 
radius shrinks to the surface of the neutron star, requiring? 


B> 0.9(M/Mo o R7 mi? (5) oe 


If the ram pressure of the infalling matter is substantial, then 
the dipole magnetic field structure near the neutron star’s surface 
will possibly be distorted. In that case, equation (5) is not strictly 
valid; even so, it does provide a lower limit on B, if the simple 
disk accreting model for the galactic bulge sources is to be 
believed, and so is a plausible first estimate on how low B can 
be for fast pulsars. Substitution of Mma, and Rwin in equation 
(4) and of Main and R mex in equation (5) then gives B,,.. and 
Bain, the maximum and minimum values of the surface magnetic 
field, in terms of the parameter, 12,7. 

After the process of accretion is over, the spun-up neutron 
star is expected to have a slow-down rate P of a freely rotating 
neutron star: 


8r? R°B? 

3Ic? 
(where T is its age) which gives, using equations (2) and (3), 
P< (2.25% 107!®)(M/Mo) Rim lzi ss™ (7) 


where Is is the moment of inertia in units of 10“ g cm’. 
Luminosities of galactic bulge X-ray sources are typically in 
the range 10°’-10°* ergs”'; so rt,7~1 (W. Kundt, personal 
communication; see also ref. 3 and refs therein). The quantity 
(M/Mo)Ri132, for each EOS, is found to be a decreasing 
function of the central density of the neutron star and has a 
lower limit beyond which the hydrostatic equilibrium is not 
satisfied. The use of this lower limit in equation (7) gives an 
upper bound on P. The calculated limiting values of P and B 
for the different EOS are shown in Table 2 (for m,>~=1). The 
value of P measured for PSR1937+ 214 is 1.21071? ss"). It 
lies within the predicted upper bounds on P for each EOS. 
From this alone, however, it is not possible to. conclude anything 
regarding validity-of any particular EOS at high densities. 


P*/T = PP ~ (6) 






Imax (em?) 


I min (g cm?) Minaxt M & Rmin (km) ; 
4.0 x10% 1.70 8.7 11x10” 
5.0 x104 2.08 9.2 1.6x10* 
4.7x10* 1.87 11.1 1.6 10% 
1.1x10* 1.96 100 ©. 46x10 
1.5x 10% 1.87 126 — : 24x10 


4 ‘alues in columns 2-4 are as implied by PSR1937 +214 and those in columns 5-7 are as given from the condition of hydrostatic equilibrium oe 
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Table 2 Theoretical limits on the surface magnetic field (B) and the 
slow-down rate (P) for fast pulsars 





5 oe l Bnin Paz P max 

BOS: t o (G) (G) (ss7}) 
Ref. 13 o ceS 380x106 1.46x107 2.92 x 19718 
Ref. 14 3.76x10% 143x107 236x1078 
Ref, 15 (f? =2.91 a. 3.80x10° 1.1010? 3.06x107*8 
Ref. 16 (model D) 3.51x10° 1.27K10’ 2.97x107}8 
Tensor interaction” 3.32«K10° 9.4310° 3.66x107'8 


Pone(PSR1937+ 214) = 4.2“ 10" Lo gg7) 





The explanation for the low (P,P) of fast pulsars as remnants 
of galactic bulge X-ray sources requires low surface magnetic 
fields for the neutron star. A value of B~ 3x 10° G is inferred 
by Alpar et al., who took the neutron star parameters as: 
M=1Mae, I4s5=1 and m,;=1. Using rotating neutron star 
models and realistic EOS, we find the maximum value of B for 
fast pulsars to be ~10’ G. The implications of the low values 
of B are several. First, the reduction in the (anistropic) opacity 
of photons will not be as drastic as in the case of the usual 
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pulsars’°. Second, any angular momentum imparted to any part 
of the interior conducting (that is, electrically sees ce come i 
ponents will not be promptly distributed throughot pulsar, 
unlike the case for usual pulsars??. Finally, beca 
the cohesive energy at the surface’? will be relat 
compared with the usual pulsars. 
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Role of surface reactions in the 
stabilization of n-CdS-based 
photoelectrochemical cells 


Holly-Dee Rubin, Brian D. Humphrey 
& Andrew B. Bocarsly* 


Department of Chemistry, Frick Laboratory, Princeton University, 
Princeton, New Jersey 08544, USA 





The potential use of I-VI semiconductor—aqueous junction 
cells for the conversion of optical energy to electricity has 
previously been limited by semiconductor photedecomposition 
processes combined with low energy conversion efficiencies. 
Decomposition processes in the prototypical n-CdS photoelec- 
trochemical cell can be efficiently suppressed by addition of an 
appropriate polychalcogenide redox couple to the electrolyte’. 
However, conversion efficiencies remain low (~ 5% at 488 nm)*. 
Moreover, although increased optical to electrical energy con- 
version rates can be obtained by using a redox couple such as 
Fe(CN)é-°" (~8% conversion | efficiency at 488 nm), the cell 
lifetime is greatly diminished” (1,,.~ 1/2 h). We report here 
that the photodecomposition of n-CdS in a Fe(CN)2-~ elec- 
trolyte can be dramatically decreased and cell output para- 
meters significantly improved by the presence of an appropriate 
combination of K* and Cs* ions. Monochromatic (488 m) con- 
version efficiencies in excess of 20% have been observed, with 
fill factors (a measure of the ideality of the cell) in the range 
of 65%. The enhanced stability and efficiency are associated 
with in situ chemical derivatization of the n-CdS surface with 
a layer of K, Cs,[Cd"Fe"(CN)g]. (This species is an analogue 
of Prussian blue having a C-bound Fe" centre and a nitrogen 
bound Cd" centre. See, for example, ref. 8.) 

The growing interest in photoelectrochemistry has been 
stimulated by concern over the depletion of global supplies of 
fossil fuels. Photoelectrochemical cells provide one method for 
converting solar energy to electricity and chemical fuels (see 
ref. 9 for a discussion of how photoelectrochemical cells work). 
For example, inexpensive materials such as HO and CO, could 
be reduced, via a light-driven reaction, to such products as H, 
and CH,. The major problem associated with such cells has 
been that of photocorrosion leading to decomposition of the 
semiconductor material. Another concern has been the low 
conversion efficiencies so far reported for these devices’°. For 
liquid junction cells to be technologically feasible, stability and 
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Fig. 1 Temporal behaviour of the output photocurrent for an - 
n-CdS/Fe(CN)¢-/*" photoelectrochemical cell potentiostated at 
—0.3'V versus SCE and containing either K* only (A) or K* and EBS 


Cs* (@). Both profiles are for cells irradiated with 40 mW om” 
of 488 nm light. A large surface platinum counterelectrode is used, | 


efficiency must be improved. If these problems are overcome, 
photoelectrochemical cells may become a viable alternative to 
traditional energy sources. ee 

Although Gerischer® demonstrated that addition. of a 
K4Fe(CN),/K3Fe(CN). mixture to the electrolyte of an-CdS- 
based photoelectrochemical cell served to decrease slightly the _ 
rate of reaction (1), there is no clear understanding of the | 
mechanism by which this occurs or how one might further 2 
enhance the CdS/Fe(CN)¢"’>~ cell stability. ae 
















2h* + CdS = Catt 45° a 


The ability to suppress reaction (1) has PEREA been 
explained in terms of a kinetic ‘competition between interfacial 3 
oxidation of solution Fe(CN)é~ and the rate of semiconductor _ 
photooxidation'’-!*. The ability of the Fe(CN)i-/?” couple to. | 
compete successfully with the photodecomposition reaction has 
been attributed to the fact that the couple undergoes a moder 
ately fast one-electron outer sphere charge transfer; Howeve 
other couples with redox kinetics and energetics similar to th 
Fe(CN) couple do not increase cell stability’, and so the 
ability of Fe(CN)¢" to stabilize the n-CdS interface is to some. 
extent anomalous. 
Recent experiments carried out in our laboratory'* 15 on: 
behaviour of oxidatively ı unstable metal electrodes in the) pre: 
ence of aqueous Fe(CN)¢” suggest that surface instability ma 
be arrested by the reaction of near-surface metal ions w 
solution Fe(CN)¢~/?~ to form an electrode surface layer consist 
ing of a [M" Fe HCN)s]"74 7? lattice. Such surface layer 


CdS/Fe(CN)2/?- 


0.8M‘K*° 


Photocurrent (mA cm~?) 





~0.8 -0.4 0 0.4 


Potential (F vs SCE) 


Fig. 2 The effect of Cs” on the steady-state current-potential 
response of a n-CdS/Fe(CN)¢-‘°" cell. The electrode is irradiated 
with 40 mW cm~? of 488 nm light and the electrode potential is 
swept at 10 mV s™' using a standard three-electrode potentiostat 
with a standard calomel reference electrode. The cell’s dark 
response is not affected by Cs”. The ‘K*-only’ cell yields a fill 
factor of 35%, while the Cs*-containing system has a fill factor of 
65%. For both cells the electrolyte redox potential is +0.17 V 
versus SCE. 


can mediate charge transfer to solution species at enhanced 
rates. This, coupled with a physical protection mechanism, 
appears actively to inhibit electrode corrosion processes'®. Thus, 
the photochemical generation of surface Cd?* ions followed by 
reaction with solution Fe (CN) *~ to generate a surface film 
of covalently bound [Cd"Fe'’"(CN),}° /'” is likely to have a 
fundamental role in the observed stabilization process. 

To test this hypothesis, both single crystal and polycrystalline 
pressed pellets of CdS were irradiated at open circuit 
-> (488 nm line of an Ar” laser) containing 02. M K,Fe(CN),, 
 0.01MK;Fe(CN), and 1 MKCI. The electrodes were then 
_ washed with water and analysed by diffuse reflectance Fourier 
< transform IR spectroscopy. Surface spectra show the appearance 
-of a band at 2,604 cm~}, indicative of a bridging cyanide, and 
coinciding with the spectrum of an authentic sample of 
>. K,[Cd"Fe"(CN),]. In the case of single crystal samples the 
_ Surface-attached species was only found on the Cd-rich (0001) 
_ face. Although the surface loading cannot be determined quanti- 
 tatively by the IR techniques used, clearly greater than 
_ monolayer coverage was present", ruling out simple chemisorp- 
_ tion of Fe(CN)¢~ and supporting the interfacial chemistry sug- 


It is therefore possible that the unusual role of Fe(CN)*~ as 
~ an-CdS antioxidant is due to its ability to generate an electrode 
_ surface capable of enhancing interfacial charge transfer rates 
__. via electron mediation, and not simply its heterogeneous charge 
_ transfer rate. To investigate this possibility further, investiga- 












tions were carried out on both the redox behaviour of bulk 


K,[Cd"Fe'/"(CN),] and the photoelectrochemical behaviour 
of derivatized n-CdS electrodes. These studies indicated that 
solid samples of K,[Cd"Fe™(CN),] rapidly oxidize solution 
Fe(CN)¢ . Unfortunately, the rate of photoinitiated hole trans- _. 
fer from the n-CdS valence band to the surface-attached material. & 
is not rapid enough to preclude the formation of a hole popula- 
tion capable of carrying out reaction (1). Thus, although charge 
transfer mediation via surface K ,[Cd"Fe!/""(CN),1 is both ther- 
modynamically and kinetically possible, the rate of mediation 
is not sufficient to inhibit surface degradation processes totally. 
This model can be further tested by taking advantage of the 
recent observations"'*'”"* that Prussian blue analogues yield 
redox potentials which are strongly dependent on the alkali 
cations present. Thus, incorporation of appropriate cations in 
the surface layer could be expected to cause the redox potential 
of this species to become more positive, increasing the overlap 
between semiconductor valence band states and oxidizable 
[Cd"Fe"(CN),}*~ states, this latter effect increasing the rate of 
interfacial charge transfer. Experimentally we find that a combi- 
nation of K* and Cs” performs this process. Addition of Cs* 
to the surface lattice*’”'? is easily achieved by adding 
1 M CsNO; to the electrolyte. Surface incorporation is possible 


since the surface lattice consists of a zeolitic structure? in which 


the migration of alkali cations is a low energy process which 
occurs rapidly when coupled to the iron centre redox reaction! $. 

As shown in Fig. 1, a spectacular enhancement in photocurrent 
stability occurs on this modification of the electrolyte. That this 
effect is not associated purely with a change in the electrolyte 
itself is indicated by the observations that the electrolyte redox 
potential is essentially unchanged (+15 mV) on addition of the 
CsNO; and that electrolytes containing either only Cs* or only 
K* do not enhance electrode stability, regardless of the con- 
centration of the cation. Although these data do not provide 
evidence of total electrode stability, they clearly show that the 
[Cd"Fe"(CN),]?-/'~ surface derivative is a fundamental factor 
in the mechanism of stabilized interfacial charge transfer and 
that an appropriately constructed interface layer can dramati- 
cally affect the photostability of the n-CdS electrode. 

The presence of Cs” also changes the cell’s electrical output 
parameters. The major effect is a shift in the onset potential for 
photocurrent to values ~400 mV more negative than those 
observed when no Cs” is present (Fig. 2). Note that the 
maximum current obtainable is not affected by this process. In 
the best examples this shift in onset potential has yielded a cell 
with a maximum conversion efficiency under 488 nm irradiation 
of 22.6%. This efficiency is associated with a fill factor of 65% 
and a quantum yield for electron flow at the potential of the 
maximum power efficiency {~ 0.63 V versus SCE) of 0.74. More 
typically, as is the case for the data shown in Fig. 2, monochro- 
matic cell efficiency is ~ 15-18%, with associated quantum 
yields for electron flow of ~ 0.5-0.6. Thus, the overall effect is 
a ~30% increase in the fill factor coupled with a two- to 
threefold improvement in the maximum electrical output power 
[GX V)max] when compared with either Gerischer’s results or 
a polysulphide-stabilized cell*. The shift in onset potential and 
the concomitant negative shift in the maximum power point 
allow the cell to be run at more negative potentials (without 
loss of efficiency) where a further enhancement in electrode 
stability is observed. The enhancement in cell output parameters 
can be linked with an increase in the ratio of interface charge 
transfer rates to all other excited state processes in low band 
bending conditions. This phenomenon is most easily explained 
if the highest occupied molecular orbital (HOMO) of the surface 
K .Cs,[Cd"Fe"(CN),] is considered to be a surface localized 
molecular orbital in good communication with the n-CdS 
valence band. (An alternative explanation for the increase in 
cell efficiency is that the surface derivative acts to remove or 
inhibit formation of a sulphur overlayer. Gerischer® has pre- 
viously indicated that n-CdS output parameters are sensitive to 
the presence of such a layer. Preliminary observations on the 
time evolution of the current-potential curve during surface... 
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-derivative formation suggests that this is not a likely explanation 
for the system of present interest.) Thus, even in minimal band 
“bending conditions electron transfer from the surface material 
to the top of the valence band will be fast compared with 


= nonproductive deactivation pathways or pholoderom postion 


-reactions. 
* This model is still under investigation in our laboratory; 
however, the picture would suggest that the exact cell efficiency 
is a strong function of the relative position of the surface species 
HOMO and the edge of the valence band. Hence, the 
CdX/Fe(CN)¢-’°" (X =S, Se or Te) photochemical cell output 
parameters should be strongly affected by the exact cations 
present. Preliminary results based on a comparison of n-Cd§ 
and n-Cd5e cells indicates this to be the case. 
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The use of wood density measurements in deidvoclimsioings 
is a relatively recent development’. There have been few 
attempts to use these data in climate reconstruction or to test 
the result rigorously. We now report on the reconstruction of 
July-August surface air temperature for Edinburgh, Scotland, 
for the period AD 1721-1975 using maximum latewood density 
and ring-width data from pine trees in the Scottish Highlands. 
In a series of tests, it is shown that the relationship between 
the climate and tree-ring variables is statistically significant and 
stable with time, confirming the power of dendroclimatic recon- 
struction even in a moist region such as the British Isles. 
Tree-ring chronologies of ring width and intra-annual wood 
density variables were prepared for Pinus sylvestris L. from nine 
sites in northern Scotland using X-ray microdensitometry of 
increment cores’. To allow for the effects of age on tree growth, 
chronologies of both ring widths and maximum latewood 
densities at each site were standardized by fitting a polynomial 
to each series and taking the quotient of the actual and fitted 


value for each year as the index. The individual core and tree 
index series were then averaged to produce a site chronology _ 
for ring width or density. These are standard techniques*. A 


new chronology parameter was used to assess the useful length 
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ship is found in July and August; hence, the average tempera 






urg 
years 1890-1969. Tree-ring data were index pee s of ring a 
width and maximum latewood density for current year i and years gee 
i—1 and i+1 at the five sites listed in Fig. 2 legend. ye 


ofa chronology as the number of cores decreases? ‘and the fve 2 
longest pairs of site chronologies were used in this experiment. _ 
After identifying the months in which the strongest link 
between Edinburgh temperature data” and the tree-ring vari- 
ables occurs, two calibration’ and verification*® exercises were 
undertaken. Calibration is the formalization of the climate- 
growth relationship in an equation, sometimes known as a _ 
transfer function, linking the climate and tree-ring variables and 
allowing reconstruction of the former from the latter. Verifica- - 
tion is the testing of the reconstructed data by statistical com- 
parison with independent climate data not used in calibration. __ 
The first exercise described here concerns the strength and _ 
stability of the relationship between climate and tree growth. _ 
The tree-ring variables were calibrated against 80 yr of the 
Edinburgh record (1810-89) and verified against an equal length me 
of independent data (1890-1969). The calibration and verifica- _ 
tion periods were then reversed to check the stability of the 
results. In the second exercise, calibration was undertaken using _ 
160 yr of the Edinburgh record (1810-1969) and the recon- _ 
struction based on this calibration was tested on Edinburgh data. __ 
for the first 46 yr of the record (1764-1809) and on central 
England temperature data’, reduced to Edinburgh values, for _ 
an 89-yr period (1721-1809). oe 
All calibrations reported here are based on a modification® 
of the standard regression methods used in dendroclimatology’. oe 
Tree-ring data for the current year, i, and the previous and- 
following i years, i~1 and i+1, were presented as predictors to - 
regressions in which Edinburgh temperature was the predictand. _ 
Data for years i-1 and i+1 were included to allow for ~ 
autoregression in the tree-ring data and for lag effects’. The _ 
predictors were first screened using a stepwise multiple 
regression procedure in which values of F significant at P=0.1 ~ 
and 0.15, respectively, were used to determine the entry and 
exit point of a predictor to and from the model. The principal 
components of the selected variables were then taken and th 8 
effective number of predictors further reduced by only retail 
those components’ whose cumulative eigenvalue pr 
exceeded unity. These components were entered into a final ae 
multiple regression producing the calibration equation in which 
Edinburgh temperature was expressed in terms of the tree-ring 
variables retained after the initial screening. Further details are. 
given, by Guiot". A series of verification tests, described by 
Fritts and Gordon®, were performed on each reconstruction. 
Although tree-ring width is believed to be related, througt 
various mechanisms, to climate conditions over much of the 2: 
year’, maximum latewood density has been found to be mostly 
a function of late summer temperature at high latitude and high 
altitude sites””''. Figure 1 shows the variance explained- ir 
calibrating the tree-ring width and density data on Edin 
temperature data one month at a time. The strongest relatio, 



















of these 2 months is selected for further analysis. The calibration 
for June i is remarkably poor. This is consistent with the 1 mode 
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Fig.2 Mean July-August temperature at Edinburgh, 1890-1969, 
compared with standardized maximum latewood density of P. 
sylvestris at five sites in the Scottish Highlands. a, Mean July- 
August temperature at Edinburgh; b-f, density chronologies. b, 
Ballochbuie, 56°57’ N 3°19’ W, 381m above sea level (a.s.1.), 
north-east facing 15° slope, 11 trees sampled. c, Inverey, 57°0 N 
3°35’ W, 500m a.s.l, west facing 15° slope, 12 trees. d, Glen 
Affric, 57°17' N 5°00 W, 300 m a.s.l., south-east facing 10° slope, 
12 trees. e, Coulin, 57°32’ N $°21' W, 250 m a.s.l., north facing 
45° slope, 10 trees. f, Loch Marree, 57°31 N 5°20’ W, 100 m a.s.l., 
north-east facing 20°-45° slope, 8 Trees. The strong similarity 
between the density traces for the five sites is remarkable consider- 
ing the heterogeneity of the sites, Although all are on relatively 
impoverished soils, there is a great variety of aspect and slope. 
Stand structure is, in most cases, open, with a preponderance of 
older trees, except at site d where the stand is denser. Sites b and 
c are close to the potential tree line, sites d and e are of ‘intermedi- 
ate status’, whereas site f is well below the tree line. Conditions 
are strongly oceanic at sites f and e (mean annual rainfall 
~~2,000 mm) and decreasingly so from d to c and b (mean annual 
rainfall ~ 1,000 mm), A fuller account of the relationship between 
site and tree-ring measurements is being prepared. 


for environmental. control of maximum latewood density in 
conifers in cool, humid regions discussed by Schweingruber et 
al”, in which no secondary cell development occurs in a period 
=m May and/or June. Possibly because maximum latewood 
density is dependent on one particular aspect of the seasonal 
= climate, the year-to-year variations in all five chronologies of 
density data for the Scottish Highlands are similar despite a 
-wide range of site, ecological and stand characteristics (Fig. 2). 
- This, too, has been noted in other regions”? 
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Three reconstructions of July-August temperature were 
undertaken (Fig. 3). The principal calibration and verification 
statistics”’° are presented in Table 1. First, two 80-yr periods 
were used, in turn, for calibration and verification to test the 
stability of the relationship. Stability is essential if reconstruction 
is to be successful but instrumental records are rarely long 
enough for this to be adequately tested. Both calibration 
account for a high proportion of predictand variance using 
relatively few of the 30 predictors. Only three predictors passed 
the initial screening before transformation into principal com- 
ponents and contribute to the calibration equation based on 
data for the period 1810-89 (density in year i at Inverey and 
Ballochbuie and ring width in year i+1 at Ballochbuie). 
Although more predictors contribute when the calibration peri- 
ods are reversed, the major contributions come from the same 
three variables with similar coefficients and the same signs. In 
both cases, the verification tests indicate a high degree of similar- 
ity between the actual and reconstructed temperature data (see 
also Fig. 3a). The relationship between the tree-ring data and 
Edinburgh temperatures is both close and stable in time, and 
reconstruction is considered feasible. 

Calibration was then undertaken for the 160-yr period 1810- 
1969 retaining 46 yr of actual temperature data for verification. 
The calibration statistics resemble those for the 80-yr calibra- 7 
tions and the serial correlation of the residuals is even closer to | 
zero. Tree-ring variables from only three sites (density at L 
Inverey and Coulin; ring-width and density at Ballochbuie) were 
selected by the regression procedure. The chronologies f for these 
sites extend back to 1721 with adequate replication’*, so the 
temperature record was reconstructed back to this date using 
the 160-yr calibration. The verification statistics resulting from 
the comparison of the reconstructed data with actual Edinburgh 
temperature data for the period 1764-1809 are similar to those 
for the 80-yr period comparisons except that the reduction of 
error (RE) statistic is markedly smaller. As there is some doubt 
as to the reliability of the early temperature data (see Fig. 3 
legend), a second set of tests was undertaken using central 
England temperature data reduced to Edinburgh values. The 
central England record extends back further than 1721, allowing 
verification over the full period of the reconstruction. 

The series of Edinburgh July-August average temperatures 
was regressed on the central England data for the 160-yr period 
1810-1969. As might be expected, the relationship is strong & 
(r=0.83) and verification on the 46yr of independent data > 
indicated that the reduction was successful (r = 0.84). Graphi- 
cally, it can be seen that the actual data diverge from both the . 
central England reconstruction and the tree-ring reconstruction 
about 1779 (Fig. 3b). This throws more doubt, on the grounds 












Table 1 Calibration and verification statistics 





Calibration period 1890-1969 
_ Mean of actual values (°C) 14.46 
~: Standard deviation of actual values (°C) 0.83 
Multiple correlation coefficient 0,764 
_.Serial-correlation of residuals -0.10 
No. of predictors retained | No 7 
oe aor Verification period 1810-1889 
a. Mean of reconstructed values (°C) 14.41 
ee -Standard deviation of reconstructed values (°C) 0.74 
Correlation. coefficient 7 0.78% 
~ > Reduction of error” | 0.37 
“Sign test (agreements/' total) 63/798 
oy _ Product means test 3 r. value)t 4,75+ 


1810-1889 1810-1969 
14.39 14.42 
0.88 0.85 
0.634 0.694 
0.18 0.05 
3 9 
. A B 
1890-1969 1765-1809 1721-1809 
14.41 14.50 14.49 
0.46 0.62 0.70 
0.794 0.694 0.674 
0.42 0.01 -0.12 
59/798 31/458 66/888 
4.824 2.738 2,988 





*The redaction: of etror statistic is a measure of the residual error variance relative to that which we Avold obtain if the reconstructed aie 
: compared with the mean for the calibration period. If RE> 0 there is some skill in the model compared with the trivial persistence estimate. 
The sign test involves'a comparison of the signs of first differences in the two series. 
~A significant positive product mean indicates a tendency for both actual and estimated departures from the average to be large when the sign 
is. is correctly estimated and to be small when the sign is incorrectly estimated: A, against actual Edinburgh record; B, against reconstruction of 
l ” Edmburgt from central England record. 
ia + P<0.001, §P<0.01. 

















h mean July- 
ure 1810-1969. (i) 
ct econstructed. The recon- 
“struction shown is based on the 

-calibration period 1890-1969. Thus, 

‘the reconstruction shown for 1810- 
89 is for an independent period. b, 
Edinburgh mean July-August tem- 
perature 1721-1969. (i) Instru- 
mental record; (ii) indirect record 
derived from central England tem- 
perature record; (iii) tree-ring 
derived reconstruction using the 
calibration period 1810-69. The 
reconstruction shown for 1721-1809 | b 
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is for an independent period. 
The instrumental Edinburgh tem- 
perature record extends back to 
1764, but it is not based on observa- 
tions from a single site. A detailed 
examination of its derivation reveals 
- that it is based on records of decadal 
or greater length at Edinburgh back 
to 1784. More than one set of read- 
ings was available for most of the 
period back to 1785. From 1777 to 
1783 the series is based on three 
different sites, two in Edinburgh last- 
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these last two short periods. 


of consistency, on the ‘actual’ data for this period. The Edin- 
burgh record is of complex origin at this time, and the 1779 
value in particular, four standard deviations from the long-term 
mean and the most extreme departure in the record, must be 
considered suspect. Verifying the tree-ring reconstruction 
against the central England reconstruction, a high degree of 
similarity is indicated, again with the exception of a low RE 
statistic. This may be due to the small number of extremely 
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Fig. 4 Variance spectra of the reconstructed and actual data for 
the period 1764-1969. The lower line indicates the red noise null 
continuum and the upper line indicates the one-tailed 95% con- 
fidence limit. The spectral estimates were calculated using the fast 
Fourier transform (FFT) method following Rayner'’. The raw 
data were detrended before analysis, tapered by a cosine bell and 
zeros were then added to bring the data length up to the power 
of two required by the FFT algorithm. The final spectral estimates 
are the averages of three separate sets based on independent 
sub-periods. a, Variance spectrum of mean July-August tem- 
perature at Edinburgh, 1764-1969. b, Variance spectrum of recon- 
structed July-August temperature at Edinburgh, 1764-1969, 

based on the 160-yr calibration period. S 
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divergent values (for example, 1725) to which this statistic is. 
particularly sensitive. The 5 yr of actual temperature data for 
the 1730s do not agree with either reconstruction and, again. 
on the grounds of consistency, must be considered suspect. Be 

Comparison of the variance spectra of the actual and recon- 
structed data (Fig. 4) indicates that the reconstruction has also. 
been successful in the frequency domain. The redness of the 
spectra reflects the magnitude of the lag 1 serial correlation. 
coefficient which is well reconstructed, being 0.11 in both series 
(after removal of linear trend). The slight disagreement at low. 
frequencies (<0.1 cycles yr’) is not considered significant as 
the time series are too short to resolve spectral peaks with any 
certainty in this frequency band. The most notable similarity is 
the presence of the significant peaks centred at 2.13 yr in both 
spectra. These could well correspond to the quasibiennial oscilla- 
tion observed in a number of Northern Hemisphere summer 
variables!?, In view of their high temporal resolution, tree-ring 
measurements are the only proxy data capable of providing an 
extended record of variations on this time scale. ae 

We have shown that maximum latewood density and ring- 
width measurements from pines in the Scottish Highlands 
can be used to reconstruct July-August temperature for 
Edinburgh, extending recent successes in European 
dendroclimatology?'*'°, The feasibility of applying dendrocli- 
matic methods in a moist region such as western Europe has 
been demonstrated strikingly. Light has been thrown on the 
reliability of one of the world’s longest -temperature re È 


and the success of the exhaustive verification of our reconstruc- 






tions, only possible in an area such as western Europe where 
long instrumental records exist, has implications for the potential 
of the field of dendroclimatology as a whole. Further sampling 
of ancient living trees should allow the extension of the Ed n- 
burgh record back into the seventeenth century, the most se 
phase of the Little Ice Age, and result in a valuable recons 
tion. A proxy record for more distant times may be obtai 
using the large quantities of sub-fossil pine found in the British 
uplands. fog 

Field collection was carried out by F.H.S. and D. C., density 
and ring-width measurements were made in F.H.S.’s laboratory, 
statistical analyses of the reconstructions were made by P.M.K. 








and all other analyses were underaken in M.K.H.’s laboratory 
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Recent studies of polar ice cores indicate that there have been 
appreciable secular variations’ in atmospheric CO, concentra- 
tions during the past 40,000 yr. We have now theoretically 
examined the expected steady state changes in atmospheric 
_ ASC (a measure of the 4C/"C ratio) for different sizes of the 
_ atmospheric CO, reservoir, keeping fixed the rate of production 
of "°C as well as the global carbon cycle exchange parameters. 
_ These calculations show that atmospheric A‘C is highly sensi- 
_ tive to changes in total atmospheric CO... Appreciable changes 
_ in AC can also result from changes in the large-scale ocean 
 circulation*’. Thus, the interpretation of the atmospheric A'“C 
_palaeorecord requires supplementary geophysical evidence 
-such as changes in sea level and in the carbonate chemistry of 
“the oceans. We discuss the available data on past atmospheric 
A"C with regard to changes in global carbon cycle parameters 
and in the rate of production of '*C due to changes in Earth’s 
_ dipole magnetic field. | 
_. Using a four-box model for the global carbon cycle, including 
_ the southern ocean reservoir, Lal and Venkatavaradan® showed 
_ that changes in the atmospheric Poo, or in the large-scale ocean 
-circulation can produce appreciable changes in the atmospheric 
AMC, of the order observed in the tree-ring record for the past 
8,000 yr. The range is about 5-10% for plausible changes in 
_ these parameters. More recently, Siegenthaler et al.® have come 
-to similar conclusions using a box-diffusion model. The magni- 
-tude of atmospheric 4'*C changes is not sensitive to the type 
of mixing model adopted, but it is sensitive to some of the 
_ exchange parameters. To bring out the key features of exchange, 
_ we present here theoretical relations for steady-state *C/1C 
_ ratios in the atmosphere and in the mixed layer in terms of the 
_ carbon cycle exchange parameters for a three-box model, which 
_ is quite adequate for the pi esent purposes. 
We obtain the following relations for the specific activity of 
-27C in the atmosphere and the mixed layer following the box 
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model formulism,** 
Ni/N, A | 
ee SY pm K+ Kt +B+ : 
N#/N, KK. ma Kma Kam B Al (1} 
NÄ Nin = (NE/Na)(1+A/Keen) (2) se 


where N; and N¥ refer to stable carbon and radiocarbon contents « 


of box i, Kjj refer to exchange coefficients between box i and js 
subscripts a, m and d refer to atmosphere, mixed layer and deep 
ocean, respectively; B is the biological rate constant? which 
determines the degree of imbalance between the total dissolved: 
concentrations of CO; in the mixed layer, Cw, and in the deep 
sea, Cp; A is the disintegration constant of '“C. The ratio of 
total concentrations of carbon in the deep sea and mixed layer 
is given by the following relation’: 


Cal Cm = 14+ B/ Kina (3) 


Any changes in the size of the atmospheric reservoir will 
produce no appreciable changes in the specific activity of C 
(NG/N4) in the deep sea and hence the ratio of specific activities 
in equation (1) can be considered to reflect primarily changes 
in Nz/N,, the atmospheric specific activity of “C. If Ku, is 
kept constant, equation (1) predicts that the atmospheric specific 
activity of '*C will hardly vary with any changes in the size of 
the atmospheric reservoir. However, if K,,, is kept constant, 
K ma WOuld change with the size of the atmospheric reservoir as: 

Kma = 

fri 

If Kam were kept fixed, variations in N*/N, would arise due to 

changes in either the atmospheric inventory of carbon dioxide 

(via relation (4)) or biological productivity (via relation (3)), 
resulting in changes in B, Kma and Kma. 

Any variations in exchange parameters would affect the 
atmospheric A’“C values (relation (1)), but the most prominent 
effect comes from variation in Kma as would be expected to 
occur due to changes in the atmospheric CO, inventory. Note 
that one would expect the air-sea CO, exchange flux to be 
proportional to the atmospheric Poo, 

The specific activity of the mixed layer would, however, 
remain unchanged with changes in B or atmospheric Peo, as 
can be seen from relation (2). The pelagic remains in marine 
sediments cannot therefore provide any information on changes 
in the atmospheric CO, content. 

As conventionally adopted, we take the mixed layer depth to 
be 75 m, the ocean depth 3,800 m and the amount of carbon 
in the present day atmosphere to be 58 m ocean equivalent. For 
Kam and Kam, we similarly adopt working values of 107° and 
107‘ yr, respectively. Taking C,/C,,=2.31/2.05 based on 
GEOSECS data’ and with Kma = 4.97 x 10°, corresponding to 
the value of Kam = 107°, we find B=6.3* 1073 yr7?. 

Results in Fig. 1 show appreciable changes in atmospheric 
A'*C with changes in atmospheric Peco, the variation being 
asymmetric. The A'*C values change by +6.7 and —3.25%, 
respectively, for a factor of two decrease and increase in atmos- 
Pheric Peo, The result is in general agreement with the earlier 
caiculations*®. Appreciable changes in atmospheric A'C can 
also be caused by changes in the large-scale ocean circulation. 
Lal and Venkatavaradan* showed that, in particular, changes 
in two of the parameters, the vertical mixing rate (Kam and 
Kma) and the surface outcrop area of the Southern Ocean’, 
could easily produce changes in atmospheric A'*C of the order 
of 5-10%. These parameters are expected to vary with climatic 
changes*~’. Secular variations in atmospheric A'*C have been 
modelled for transition from the last glacial to postglacial by 
Keir’ using a box model and by Siegenthaler et al.® ‘using a 
box-diffusion model. In these calculations, the authors have also 
considered changes in the ocean chemistry and the manner in 
which atmospheric Poo, may be expected to vary during the 
transition. We conclude that both changes in the atmospheric 


Kam (4) 


Poo, and global ocean circulation parameters can „produce ` 


` 


appreciable and comparable-changes in atmospheric A’C 
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“Fig.1 Theoretically estimated deviations in atmospheric '“C/’ Kè 
ratios for different atmospheric Poo, values relative to present 
Poo, value (= 1). The calculations are based on a fixed residence 

time of CO, in the atmosphere, 10 yr. 
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_ time scales 100-10,000 yr, depending on the manner in which 
ocean chemistry and circulation changed with climate. 

Figure 1 predicts that the atmospheric A'C value would have 
been higher by about 7% when atmospheric Poo, was ~50% 
of present value, about 15-20 x 10° yr BP. Unfortunately tree- 
ring data exist only as far back as 8,000 BP*'. We must confine 
ourselves to continental sediment data. We are aware only of 
the relevant data published by Stuiver’? for the sediments from 
the Lake Jih Tan which go back to about 35,000 Bp. The *#C/"7C 
activity ratio (normalized to unity at the sediment surface) is 
plotted in Fig. 2 as a function of depth; the depth of a layer is 
expressed in terms of cumulative mass of non-combustible sedi- 
“ment above the layer. It appears that the simplest assumption 
one can make to determine relative variations in the '*C/?*C 
activity ratios is to assume constant sedimentation rates, denoted 
as S, for the 0-70 and 70-145 gcm™ depth intervals. The 
corresponding '*C/'*C ratios at deposition oscillate around the 
mean with an amplitude smaller than 10% except for the depth 
interval 88-98 g cm™?, where one observes a marked positive 
excursion of peak magnitude 20%. Based on the sedimentation 
model, one deduces an age bracket of 15-20 x 10° yr BP for this 
layer. Clearly, in the absence of a reliable varve chronology, 
the lake sediment data must be treated with caution. However, 
any prominent short duration excursions such as the one noted 
above would probably be due to changes in atmospheric *C/1C 
ratios. 

The average positive excursion of 10% in '*C/'7C ratios at 
15-20 10° yr BP (88-98 gcm? depth; Fig. 2), if attributed 
solely to changes in atmospheric Peo, corresponds to about 
60% lower atmospheric Peo, than at present (Fig. 1). Of course, 
this calculation is most sensitive to the value of Kam, for which 
we have adopted a value of 0.1 yr‘, corresponding to a resi- 
dence time of 10 yr for CO, in the atmosphere. Based on studies 
of bomb +C in banded corals, Druffel and Suess’? have obtained 
values of 16-30 yr for the residence time of CO}; a value of 
20 yr may be more realistic. However, that part of the observed 
change in the atmospheric '*C/!?C ratio at 15-20 10° yr BP 
may have been due to a change in the vertical mixing rate of 
the ocean. 

Thus, we have shown theoretically that atmospheric '4C/'*C 
ratios vary inversely with concentration of CO, in the atmos- 


phere. This result follows from the reasonable assumption that 


the flux of CO, from the atmosphere to the sea is proportional 
-to the amount of CO, in the atmosphere. This conclusion 
“suggests a new means of determining past variations in atmos- 
_-pheric CO, provided that reliable palaeodata can be obtained 
` onatmospheric '*C/!?C ratios. Unfortunately, other causes such 











Se “as variations in production rate of 1C and ocean circulation 






~ “pattern can also produce appreciable variations in atmospheric 





-LETTERS TONATURE ———— 


1.0 


Sy 
S=6.6 x10 53gm cm yr’ 
N 


A 


OIF $= 3.1x103gm wile pee 


Normalized '%c/'*C activity ratio 





01 Mee Bers 
Š 120 140 


Total non-combustible sediment (g cm *) | 


Fig. 2 Measured '*C/?°C activity ratios in Lake Jih Tan (Taiwan) 
normalized to unity at surface, as a function of sediment depth. 
Original data are due to Stuiver'?. The two constant sedimentation _ 
rate lines intersect at 71 gem? corresponding to 10,780 yr BP. 
Note the large excursion in '*C/!°C ratio at 88-98 gcm™* depth, 
which corresponds to 15-20 10° yr BP. i 
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MC specific activity. Therefore, to ascertain the contributions _ 
of changes in atmospheric Poo, to any observed variations in- 
atmospheric A'*C, one would have to call on supplementary — 
information which bears on geomagnetic data (to deduce. 
changes in global production rate of '“C) and on ocean circula- 
tion parameters. oe 
Analyses of CO, in ice cores from Greenland and Antarctica 
indicate that-during part of this time, at 15-20 10° yr BP, the 
atmospheric CO, was only half the early twentieth century 
value'*. The effect of this should be easily seen in the atmos- 
pheric A'*C palaeorecord. Tree-ring data go as far back as 
8,000 yr BP but the possibility exists that lake sediments, which. 
should closely reflect the atmospheric '*C/™C ratios'*, might 
be used. One series of '*C/!7C measurements has been pub- 
lished’? on lake sediments deposited during the latter part of 


the last glacial epoch 10-30 10° yr BP. A clear-cut increase 





lake data (Figs 2, 3). This result gives credence to the evidence” 
from ice cores that both atmospheric CO, and temperature 
(indicated by '80/!O ratios) were lower 15-20 10° yr ago. 
than either before or since. | 
So far, we have treated the problem of atmospheric Poo, 
changes without being concerned about its causative mechan- 
isms, that is, changes in the marine carbonate chemistry. But 
what caused the CO, change? Broecker’* and McElroy’® have 
ascribed this to a variation in biological productivity of the 
oceans resulting from a change in the amount of dissolved 
phosphorus and fixed nitrogen, respectively. When these 
nutrients are relatively abundant, biological productivity is high; 
more CO, is transferred from surface to deep waters by th 
biological pump—the gravitational sinking of organic mai 
from near surface waters. a. l 
The principal difficulty with the above hypothese 
the fact that because of the long residence times of tot; 


of the expected magnitude in '*C/'?C ratios is observed in t he 
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P and N, one would expect changes in Poo, to occur over long 
periods of time, several thousands of years or more. The observa- 
tions of Stauffer et al.*, however, show that during glacial epochs, 
marked changes in atmospheric Peo, commonly took place over 
periods as short as a few hundred years. 

We believe these short-term variations are genuine and expec- 
ted to arise from small perturbations in oceanic circulation in 


= the top 1km depth. The oceanic control on atmospheric Peo, 


on inter-annual and decadal time scales is borne out by recent 
observations. Changes in Peo, in near surface waters corres- 
ponding to several tens of parts per million have occurred over 


a periods of the order of a decade, at least at high latitudes! ™”®, 





-Bacastow et al."” have reported anomalous rates of CO, increase 


¿in the atmosphere inversely correlated with the Southern 


Oscillation Index. Gammon and Komhyr”? have shown that the 


Er Observed slower CO, growth in the atmosphere in 1982, ~50 %, 


is a combined effect of weakened equatorial Pacific Ocean source 
and enhancement of ocean sink for CO, at high latitudes (>40°) 
due to large negative sea-surface temperature anomalies (1- 
3°C) beginning in mid-1982, particularly in the intermediate 
and, deep water formation regions of North Atlantic and Pacific 
oceans. The observed high degree of correlation between 
changes in CO, and '*O/'°O ratios in ice? demonstrates the 
importance of positive feedback mechanism of changes of Poo, 
in the atmosphere. Thus, small changes in the atmospheric Peo, 
due to changes in circulation in the top 1 km of the oceans, 
particularly at high latitudes, may be greatly amplified to lead 
within a few decades to large decreases or increases in atmos- 
pheric Poo, and temperature. 

Finally, concerning the generally accepted belief that atmos- 
pheric A’°C palaeorecord for the past 8,000 yr supports the 
large change in the Earth’s dipole field based on archaeomag- 
netic data*’, the record shows two prominent features!!: a high 
frequency variation with a period of about 200 yr and a slow 
variation with a period of 8,000 yr. The former is clearly due 
to solar modulation of galactic cosmic ray flux”? (which results 
in a variation in global production rate of '4C). The latter is 
believed to be due to change in the Earth’s dipole field!» 
The present work highlights the fact that a part or most of slow 
variation may in fact have been due to changes in the atmos- 
pheric Poo, and in ocean circulation. Com bining the Peo, record 
in ice cores with the tree-ring and lake sediment A'4C record, 
it should be possible to delineate changes occurring over differ- 
ent time scales in the oceanic circulation/chemistry and the 
Earth’s dipole field. 
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In this paper we report that marine sediment locations spread 
over a wide area contain evidence of an anoxic interval during 
the mid-Cretaceous, here called the Cenomanian—Turonian 
Black Shale Horizon (CTBSH). The occurrence of laminated 
carbonaceous shales with marine organic matter in an unoxi- 
dized state implies deposition and early diagenesis in anaerobic 
environments. The stratigraphic record above and below the 
CTBSH in environments as different as the deep North Atlantic 
Ocean and marginal and epicontinental seas over enormous 
areas in North America, North Africa and northwestern Europe 
is characterized by a stratigraphic gap, a disconformity or a 
continuous but strongly condensed stratigraphic section. The 
anoxic layer coincides in time with the maximum extension of 
a worldwide marine transgression of eustatic origin recorded 
on continental margins’ as well as on various cratons*. No simple 
model has yet been found to explain the occurrence of the 
CTBSH in such a wide range of depth and palaeoenvironmental 
conditions. 

Our revision? of the stratigraphy and organic geochemistry 
of the North Atlantic DSDP boreholes has demonstrated the 
CTBSH at Sites 105, 137, 367, 386, 398, 549 and $51 (Figs 1 
and 2). The sediment is usually pyritic, phosphatic or both, and 
is laminated on a millimetre or submillimetre scale. The total 
organic carbon (TOC) content is more than 2% and usually 
reaches 10% on the average and more than 30% at its maximum, 
with organic matter mainly of marine origin?” 

These holes suggest three different modes of occurrences of 
the CTBSH determined by the evolution of redox conditions 
in the bottom sea water. Thus at DSDP Site 105 (North 
American Lower Continental Rise Hills), the CTBSH represents 
an episode of marked anoxia and slow sediment deposition 
ending a period of alternating oxia/anoxia and followed by 
deposition in a well oxygenated environemnt. The CTBSH is 
l-m thick with maximum TOC of 24%. It overlies alternate 
light-coloured (TOC < 0.5%) and black (TOC < 5%) laminated 
claystones of Albian and early Cenomanian age (Hatteras For- 
mation) and is overlain by reddish brown claystones (Plan- 
tagenet Formation). The accumulation rate for the CTBSH is 
0.25 to 0.2m Myr™', compared with 16 to 7m Myr“! in the 
Albian to the early Cenomanian and less than 1 m Myr™! in 
the Senonian. By contrast, at DSDP Sites 549 and 5514, located 
at mid-depth on the slope of the Celtic margin in the North-East 
Atlantic, the CTBSH was deposited during a short period of 
anoxia within a prolonged oxygenated interval as recorded from 
neighbouring epeiric seas’. Maximum TOC is near 10%. The 
anoxic sediments are interbedded between chalks lean in organic 
carbon. Again, the accumulation rate was less than 1 m Myr’. 
Palaeodepths are estimated at approximately 1,500 m at both 
sites. 

At DSDP Site 367 (Cape Verde Basin, West Africa), late 
Aptian to early Cenomanian laminated siltstones and mudstones 
were accumulated at average rate 14m Myr™', with maximum 
TOC of 30% and average TOC of 10%. The CTBSH caps these 
deposits (core 10 of site 367) with the highest TOC values (31 
to 39%) measured in the Cretaceous of the North Atlantic. The 
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Fig.1 Minimum geographic extension of the 
Cenomanian—Turonian black shale horizon in 
the North Atlantic, northwestern Europe and 
the Tethys. (1) Extension of the CTBSH; 
(2) extension of late Cretaceous deposits 
removed by subsequent erosion; (3) presence 
of the CTBSH at DSDP wells; (4) hiatus dated 307 
Cenomanian-Turonian at DSDP wells; (5) well 
ending within oceanic basalts. 
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sedimentation rate is less than 1m Myr‘. The deposition of 
the CTBSH thus ends a period of 15 Myr of permanent anoxia. 
Thereafter oxygenation of the basin took place progressively 
and rhythmically during the early Senonian, as shown by alter- 
nating light-coloured and carbonaceous dark mudstones with 
TOC values oscillating between 0.5% and 10-15%. This site 
shows the typifying characteristics of the CTBSH—a duration 
of =~ 12 Myr, the importance of slow deposition (0.8 m Myr™*) 
and the high degree of anoxia’. 

Comparison of the DSDP data from Site 370° field observa- 
tions on the adjacent Moroccan landmass*” show that in the 
basins located at the outer part of the West African margin, the 
anoxia lasted for the long interval between the Albian and the 
Coniacian, but that the duration of the anoxia becomes progress- 
ively less on the outer shelf and is restricted to only the late 
Cenomanian-early Turonian in the epicontinental northwestern 
African domains (Fig. 3), where it coincides with the maximum 
of the major early Turonian eustatic transgression*. In the 
Tarfaya and Agadir basins, the outermost basins of the Moroc- 
can margin in the Cretaceous, bituminous shales deposited at 


an estimated palaeodepth of 300 m show a relatively wide strati- © 


graphic extent, from late Cenomanian to Coniacian®?*”*, com- 


parable with that observed at deeper Atlantic sites, for example __ 


DSDP hole 370. The inner margins and the epeiric domain — part of the major Reitano Nappe where black Cenor 


_ which constituted the Cretaceous “Atlas Gulf” is now represen- 
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Fig. 2 Estimates of sediment accu- = 
mulation rate and duration of anoxia 
in selected DSDP bore holes. This 
diagram shows the episode of anoxia 
and of sedimentary condensation in 
the late Cenomanian-Turonian. — 
Stipple indicate the period of _ 
accumulation rate less than 1m per 
Myr. Ages were determined from 
biostratigraphical data. 
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ted by the Meseta basin and in the High Atlas folding, where 
bituminous facies with high TOC (22%) in the carbonate-free 
sediments are everywhere found at the bottom of a massivve 
carbonate sequence of late Cenomanian to Turonian age (barre 
turonienne) over a wide region. Farther inland, in the Sahara 
Cretaceous basins, there is a major change in sedimentation from _ 
Cenomanian gypsiferous red beds to Turonian white and gr 
rock colours. l ; E 

Jenkyns’ has shown that the CTBSH also occurs on o 
peri-Atlantic continental margins such as Venezuela, Trinidad 
the Caribbean and in various epeiric seas, the North Sea, South- 
East England*®, western Germany, Nigeria and the western 
interior of the United States. Extension of the CTBSH is found 
in the Tethyan domains in palaeoenvironments, ranging from 
the deep ocean to epeiric seas, as varied as in the Atlantic 

In the North African coastal ranges, the palaeotransform zon 
connected the central Atlantic Ocean to the Piedmont 
Ligurian micro ocean was marked by a narrow trough in w 
thick detrital graded sequences (fiysches) were deposited du 
the Cretaceous. Carbonaceous cherts (phtanites) have long | 
known in Chouamat-Melloussa flysch units in Algeria and | 
now been dated as late Cenomanian and early Turon 
They continue into Sicily as the Troina Series, which comy 








































Turonian bituminous horizons contain fish debris anc 
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Fig.3 Idealized distribution in time and space of anoxic environments in northwestern 
Africa and in the adjacent ocean (modified from Stamm et alô). The lower part of the 
diagram is a snapshot in time corresponding to Cenomanian-Turonian boundary. 


Whereas the flysch sequences are characterized by a high 
accumulation rate, the phtanites corresponding to the CTBSH 
are marked by a temporary low sedimentation rate comparable 
with that in the Atlantic realm. 

The Carbonaceous black-shale interval can also be followed 
southwards in the deeper parts of epeiric Cretaceous seas which 
have emerged in the northern Sahara, Algeria? and central 
Tunisia‘* and can be reconstructed from very clear field descrip- 
tions scattered in the Publications du Service de la Carte 
Géologique d’ Algérie dated 1957-74. 

Most of the Piedmontese-Ligurian small palaeo-ocean is now 
contained within a thick pile of thrust units extending over much 

+ Of the Apennines and the Italian, French and Swiss Alps. Thrust 
-sheets originating from the deeper parts of the micro-ocean are 
severely deformed if not metamorphosed, so that stratigraphic 
- correlation of the black shale intervals with the Atlantic CTBSH 
is uncertain’. On the other hand autochtonous (Apulian block) 
and para-autochtonous domains (Marche, Umbrian, Cam- 
_ panian) derived from marginal and epicontinental units of the 
_ Tethys demonstrate clear equivalence to the CTBSH. There, 
. foraminiferal and nannofossiliferous calcareous mudstones con- 





_ Tethys, probably has an equivalent as far away as the Mariana 
` basin in the West-Pacific which was recently drilled at DSDP 
ESBS Set 
__ The preservation or the destruction of organic matter on the 
_ Sea bottom depends essentially on the oxygen concentration in 
- the bottom sea water, itself determined by the dynamic equilib- 
_ tum between oxygen consumption, mainly by decay of organic 
matter, and renewal by bottom currents carrying oxygenated 
waters. Modest organic productivity in almost completely 








restricted waters, as in the Black Sea, leads to the preservation 
of organic matter in the sediments, as does high organic produc- 
tivity that outsteps oxygen replenishment by bottom cur- 
rents’’". The model of the upwelling has been proposed to 
explain the Cenomanian carbonaceous shales of Morocco® or 
of northeast Atlantic'®. However, the wide geographical extent 
as well as the different palaeodepths of deposition of the CTBSH 
from the American Western Interior basins to the Tethys argues 
against the applicability of this concept as the only factor. 

The known occurrences of the CTBSH correspond to a rela- 
tively wide range of organic productivity. The deposition of the 
CTBSH coincided with a period of relatively high productivity 
is supported by the development of radiolarian cherts at this 
level; these have been observed at DSDP sites 137, 398, 417, 
549 and 551 in the western and northeastern Atlantic, on the 
Moroccan craton® and in many outcrops of the Tellian units 
and of the Apennines. The cherts are associated with sporadic 
lava flows in the Massylian units of Algeria’? and with volcanic _ 
ash in the North Sea neighbourhood’ which could have con- 
tributed locally to the siliceous biogenic productivity. _ 

However, it seems that the productivity was relatively moder- 
ate in many other parts of the Atlantic. At the foot of the West 
African margin, the high TOC content is not associated with 
siliceous biogenic layers. Zeolites and opal-~CT which generally 
derive from the tests of radiolarians are usually much less 
abundant than in the Western part of the Atlantic?. Most prob- 
ably the West African sub-basin conforms with the euxinic 
(Black Sea) model. In the shallow Cretaceous sedimentary 
environments of northwestern Europe*, Morocco®, and in the 
southern Alps (Trento plateau’*) the palaeomorphology of the 
seabed may have been influent in trapping anoxic waters or in 
allowing superficial re~-oxygenation (Fig. 3). 

The stratigraphic record around the Cenomanian—Turonian 
boundary in marginal or epicontinental palaeoenvironments in 
North America, Africa and Europe is everywhere characterized 
by either (1) a stratigraphic gap or even a disconformity or (2) 
a continuous but markedly condensed stratigraphic section. 
These characteristics are found even in many flysch sequences 
formed by rapid accumulation while in several cases for example ao 
in South-East England” they are found together. These features 
may simply be related to the early Turonian high stand of sea 
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Fig. 4 Geographical position of various outcrops and boreholes 
with recorded Cenomanian~Turonian anoxic layers. (1) “Black 
Band’ of Yorkshire and Humberside, England and in the adjacent 
North Sea’. Plenus Marls*'. (2) Munster Basin and region of 
Hannover, West Germany. (3) DSDP Sites 549 and 551°. 
(4) Flysch des Gets, Haute Savoie, France’. (5) Trento zone, 
Italy’, (6) Livello Bonarelli in Marche, Italy” 114 (7) Flysch à Hel- 
minthoides, Alpes Maritimes, France and Italy’. (8) Cretaceous 
Navarro-Cantabric zone, northern Spain?’, (9) DSDP Site 398, 

Iberian margin. (1) Reitano Nappe, Argille Scagliose Varicolore, 
Sicily and Luciania, Italy". (11) Andalusia, Sub-betic units, Spain’. 

(12) Massylian flysch, Petite Kabylie, Algeria? t2, (13) Massylian 
flysch, Grande Kabylie, Algeria. (14) Massylian flysch, Constantine 
area, Algeria. (15) Edough Massif, Algeria”. (16) Ain Fakroum 
and Ain Babouche*”!*, (17) Eastern Algeria?”!*. (18) Biban dis- 
trict, Algeria? (19) Western Biban-Hodna  district?“?*. 
(20) Djebel Fernane, SW of Bou Saada, Algeria? *. (21) Eastern 
Ouarsenis’'*, (22) Bahloul horizon, Central Tunisia. (23) 
Chouamat and Mellousa flysch units®, (24), (25) The Cretaceous 
Atlas Gulf in Morocco®. (26) DSDP sites 370 and 416; here the 
Cenomanian~Turonian horizons have been swept off by subsequent 
erosion®. (27) DSDP site 369; Cenomanian carbonaceous layers 

are reworked here in layers of later Cretaceous age’. 


level, perhaps 450 m higher than nowadays” of eustatic origin‘ 
which caused a large-scale transgression of the continents, for 
it is easily conceivable that the increased surface area offered 
to biogenic and terrigenous sediments during the maximum of 
the transgression, and the accompanying reduction of the area 
subjected to subaerial erosion, made less sediment available for 
- sedimentation in each unit of time and surface area. Jenkyns’ 

has even suggested that the Cretaceous transgression was impor- 
tant in fostering marine anoxia, and coincidence of the CTBSH 
with the maximum extension of a worldwide transgression can- 
not be denied. But every major transgression, that of the Maes- 
trichtian for example, have not induced ocean-wide anoxic 
events. During late Cenomanian-early Turonian times, special 
conditions must have prevailed in the oceans, with a general 
stagnation of sea-water below depths of a few hundred metres. 
The duration of this event may have been very short, of the 
order of a few hundred thousand years, as in the North European 
epicontinental seas or at the foot of the North American margin, 
but much longer elsewhere. High oceanic fertility seems to have 
favoured a conspicuous CTBSH and high TOC content. But 
high fertility was not essential for its development. Thus the 
CTBSH, probably unique in the Mesozoic~Cenozoic strati- 
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with seawater: that is, predominantly pyrrhotite in- 







graphic record, resulted from the convergenc : 
conditions that cannot be incorporated in genera 
model and which cannot easily be identified H 
anced environments as these of the oceans. 
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Hydrothermal vent fragments have been identified in the brecci- i 
ated ore from the massive sulphide deposits of the Troodos 
complex, Cyprus. They display mineral associations, textures 
and zonations similar to those observed in recently discovered _ 
hydrothermal vents forming on the ocean floor near the East 
Pacific Rise*™*, the Galapagos ridge**, the Juan de Fuca ridge 
and the Guaymas basin (Gulf of California)’. The high tem- 
perature ‘black smoker’ chimney walls are especially well pre- 
served in Cyprus ore. Traces of fauna similar to that found near 
present-day vents are also present in these Cyprus samples. 
The differences between the present-day and fossil vents ie 
mainly due to ageing. ue 

Present-day sulphide deposits are situated near ‘the axis | 
medium- to fast-spreading submarine ridge sections at an. 
average depth of 2,600 m. The vents which consist of poro a 
aggregates of predominant sulphates and/or sulphides, form at. 
the seawater—basalt interface when the high temperature (up to” 
350°C) hydrothermal fluid? comes in contact with the cold: 
(+2 °C) seawater. The hydrothermal fluid pervading the heavily 
fissured oceanic crust forms poorly zoned massive lenses 
mounds resting on the oceanic crust’. Thin-zoned chimney wal 
a few millimetres to a few centimetres wide, build up aro 
the high-temperature fluid escaping from larger channel wa 
near 21° N and 13°N on the East Pacific Rise (EPR) and in 
the Guaymas basin. The chimneys, 15m high and 30cm : 
diameter, are called black or white smokers according 
the colour of the mineral precipitating in the fluid in con 
















temperature black smokers and baryte and opal. in 
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temperature white smokers. General preliminary descriptions 


of samples collected near 21° N (refs 9-12) on the Galapagos 


ridge’? and on the Juan de Fuca ridge’* have already been 
published. Detailed mineralogical studies are also available for 
21°N (refs 15 and 16) and Juan de Fuca samples!’. 

Cyprus sulphide deposits are situated in the upper part of the 
Troodos ophiolite sequence which is generally considered to be 
a fragment of obducted oceanic crust'*!*. The deposits are 
intercalated between the upper and lower pillow lavas which 
are of late Cretaceous age”**!. The mineralization forms 
massive sulphide lenses in which gangue minerals are extremely 
| 72-25 Pyrite is predominant and frequently associated with 
chalcopyrite. Both chalcopyrite and zinc sulphides are locally 
abundant. The predominant species (Cu, Fe or Zn sulphides) 
also vary from one deposit to another in the EPR. 

Both the EPR and Cyprus deposits are characterized by their 
‘similar mineral association, mineral habits and intergrowths, 
and the presence of rare minerals such as jordanite (Pb, ,As,$,.) 
or idaite’*°. Because of ageing processes the unstable phases 
characteristic of present-day deposits are absent or rare in the 
Cyprus deposits, having been dissolved or replaced or having 
reequilibrated. For example, the unstable Zn-bearing 
jsocubanite inter rgrown with Zn-bearing iron-rich chalcopyrite 
in EPR samples’ is probably replaced by stoichiometric chal- 
-copyrite containing sphalerite exsolutions in Cyprus’® agreeing 
well with experimental data”. Pyrrhotite and wurtzite are also 
rare in Cyprus ore. Isocubanite (CuFe,S,) is a high-temperature 
cubic phase referred to in the literature as ‘ISS’, chalcopyr- 
rhotite, cubic cubanite or cubanite IL The name isocubanite has 
been submitted to the IMA commission. 

Typical vent fragments including high- temperature chimney 
(‘black smokers’) and ‘mound’ samples described in detail in 
EPR 21°N deposits'*’ 78 or massive porous ore as observed in 
the Galapagos deposit’? have been identified in samples collec- 
ted from various deposits in Cyprus (including Skourotissa, 
Moussoulos, Mathiatis, Peristerka, Pitharokma and 
Agrokipia)*”°. Best examples of vent fragments have been 
observed in Peristerka. EPR 21° N high temperature (250 °C- 
350°C) chimney walls are zoned (Fig. 1a). An outer wall 
consisting predominantly of anhydrite is present on young active 
chimneys; it tends later to be replaced by sulphides and com- 
pletely dissolve when the hydrothermal activity ceases. The 
inner wall is formed by an arborescent porous aggregate of 
euhedrai sulphides. Several types of chimney wall can be distin- 
guished in 21° N samples according to the predominant sulphide 
species. In the chalcopyrite-dominated type of chimney wall two 
types of zonation are observed. The primary zonation arises 
from variations in mineral grain sizze (Fig. 1a) and to more 
subtle variations in the mineral compositions such as the change 
in Fe content of chalcopyrite across the chimney wall’*. The 
secondary zonation arises from early hightemperature oxidation 
of the active chimney. The seawater invades the porous wall 
and an oxidation sequence results: chalcopyrite (inner zone) is 
replaced by bornite, digenite (chalcocite) and covellite (outer 
zone); the excess Fe precipitates in situ as sulphides, oxides and 
hydroxides. The oxidation seqaunece is observed only in the 
outer zone of the sulphide wall in contact with the outer anhy- 
drite wall. The thin inner chimney walls, few millimetres up to 
a maximum of 5cm, are fragile and break down easily when 
the hydrothermal activity stops. The effect of the low-tem- 


perature submarine alteration process can be observed best in 


the samples from the inactive zones which have been lying on 
the sea floor for a longer period. In 21° N samples from the 
inactive zone, numerous dissolutions, replacements and neofor- 
mations (mainly sulphates) are observed'®. A Cu-Fe sulphide 
(isocubanite/ iron-rich chalcopyrite). dominated chimney wall is 
wholly or partly replaced by digenite and covellite (Fig. 1c and 
d). The whole surface as well as fissures in the chimney fragment 
in contact with seawater is altered. The fossil chimney wall 
fragments observed in Cyprus display characteristic features of 
equivalent EP N chimney walls such as porous arborescent 
aggregates of uhedral al chalcopyrite: grains?“ and a zonation due 








to variation in mineral grain size (Fig. 1b). The thickness of 
Cyprus chimney wall fragments varies from a few millimetres 
to approximately 5cm as in the 21°N deposits. As may be 
expected, the outer anhydrite wall (Fig. 1e and f) is absent and 


the primary zonation due to variation of chalcopyrite iron- .. 
content across the wall is not observed in Cyprus. Iron-rich | 
chalcopyrite has been produced experimentally, but is very * 


rarely observed in fossil ore deposits; its absence in Cyprus ore 
is, therefore, interpreted as reflecting re-equilibration during 
ageing (the stable stoichiometric chalcopyrite replacing the 
unstable iron-rich chalcopyrite). The Cyprus fragments display 
an alteration rim (Figs 1b, 1f and 2a) with a similar oxidation 
sequence to that observed in 21° N samples (Fig. la and 1c). 
A thin discontinuous rim of goethite sometimes replaces the 
sulphides or coats the fragments. Goethite is a frequent alter- 
ation product of EPR samples especially during the late low- 
temperature phase. However, the early high-temperature and 


the late low-temperature phases cannot be easily distinguished - 


from one another since they produce the same mineral associ- 
ation. Therefore, the asymmetrical alteration rim observed in 
some Cyprus samples is tentatively interpreted as a combination 
of both types of alteration (Fig. 1f). Furthermore, a recent 
supergene selective alteration, in which the pyrite matrix is 
unchanged, cannot be completely ruled out because the Cyprus 
cupriferous deposits have been extensively mined since historical 
times and they lie very close to the land surface. 

Other types of vent fragments are also found in Cyprus ores. 
Layered dendritic pyrite walls are present in both the Cyprus 
and 21° N deposits. Mound samples from 21°N, which are 
essentially formed of porous aggregates of zinc sulphides 
(sphalerite and/or wurtzite), are also present in Cyprus (Fig. 
2a). The zinc sulphide spherulites may contain typical radiating 
inclusions of galena or jordanite as observed in 21° N and Juan 
de Fuca samples'*’’. Mound fragments are also slightly altered 
and the zinc sulphide is partly replaced by microcrystalline 
covellite. The alteration of the Cyprus vent fragments indicates 
that they lay on the sea floor prior to being embedded into a 
fine-grained matrix of pyrite and silica which tend to replace 
them (Fig. 1f). Pyrite associated with opal represents the late 
low-temperature phase in 21° N samples!>. The late replacement 
of sulphides by silica has also been reported in the lower zone 
of some of the Cyprus ore bodies*’. Silica is isotropic under 
crossed Nicols in 21° N samples (opal A). In Cyprus samples 
the opal CT (ref. 30), chalcedony and quartz are interpreted as 
the result of recrystallization during ageing of the deposit. The 
fine-grained pyrite probably also represents a recrystallized 
collomorphic pyrite associated with opal A in EPR samples. 
Vent fragments are obvious in approximately 15% of over one 
hundred polished sections examined of Cyprus ore samples. 
However, it should be remembered that the samples were collec- 
ted prior to the discovery of sulphides on the EPR and con- 
sequently the occurrence of vent fragments was not investigated 
in situ. The most common samples collected in Cyprus deposits 
are massive porous aggregates of either collomorphic or euhe- 
dral pyrite very similar to samples collected on the Galapagos 
ridge. Inclusions of pyrrhotite partially or completely replaced 
by pyrite, of wurtzite (or hexagonal zinc sulphide) are present 
in euhedral pyrite from both Galapagos and equivalent Cyprus 
samples. Chaicopyrite-dominated chimney wall fragments 
similar to 21° N are also included in Galapagos massive pyrite 
(Fig. 26). The fragments are not oxidized and may have been 
rapidly included and protected by pyrite preventing submarine 
alteration. Chalcopyrite crystals lining pyrite cavities, where 
sseveral generations of euhedral and collomorphic pyrite are 
observed, and sometimes associated with gypsum are also com- 
mon to both Galapagos and Cyprus samples. Worm tubes and 
other organic remains which are abundant at the surface of 
some EPR vents where they can be replaced by opal and pyrite 
are also observed in Cyrpus ores (Fig. 2c and d). 

A previous mineralogical comparison”® based on the mineral 


association and the mineral facies and intergrowths between ` 


EPR and Cyprus sulphide Pepo is now extended by the 
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Fig. 1 a, b, Primary zonations in 
black smoker walls from EPR 
21° N (a) and Peristerka (Cyprus) 
(b) due to variation in chalcopyrite 
grain size and outlined by dissolution 
zones (black). Photographed in pol- 
ished section (3.5). œ d, Black 
smoker fragments from 21° N inac- 
tive zone consisting of isocubanite 
and iron-rich chalcopyrite assem- 
blage (white) at different stage of 
alteration in a fine-grained mixture 
of digenite and covellite (grey). 
Photographed in polished section 
(c,x7; d,x 6.5). e, High-tempera- 
ture (350°C) active chimney wall 
(black smoker) in EPR 21°N 
deposit. The inner wall (light grey 
zone at the top of photograph) in 
contact with the hydrothermal fluid 
is formed of a porous aggregate of 
Cu-Fe sulphides (isocubanite and 
iron-rich chalcopyrite). The outer 
wall (dark grey zone) in contact with 
seawater is formed of anhydrite with 
minor sulphides. f, Black smoker 
fragment (lighter grey zone) in Peri- 
sterka ore which consists of a porous 
ageregate of euhedral chalcopyrite. 
The alteration rim (black) outlining 
the fragment is best developed on 
one side of the fragment (top) and 
may represent a combination of both 
early (high temperature) and late 
(low temperature) submarine alter- 
ation. The thinner alteration rim 
(bottom) may be due only to the 
low-temperature alteration stage. 
Silica and pyrite include and partially 
replace the fragment. 
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identification of vent fragments in Cyprus ore samples. Several 
types of vent fragments are present including the typical and 
spectacular black smoker (high-temperature) chimneys ob- 
served near 21°N on the EPR. Fossil worm tubes or other 
organic remains, abundant on some EPR vents, have also been 
found in Troodos. The massive porous aggregate of pyrite, very 
common in Cyprus ore, resembles Closely the sample collected 
from the Galapagos ridge. The thin alteration rim present 
around the Cyprus vent fragments indicates that they lay on 
the sea floor. A complete alteration and subsequent early disap- 
pearance of the hydrothermal concretions was prevented by the 
late low temperature deposition of silica and pyrite. Although 
the vent fragments are relatively small compared to the original 
whole edifices, they are well preserved and the textures and 
zonations are easily recognized when directly compared with 
their present-day equivalents. The Cyprus deposits are unmeta- 
morphosed and the post-deposition modifications can therefore 
be principally attributed to submarine alteration, diagenesis and 
ageing. Reequilibration of unstable phases (isocubanite and 
iron-rich chalcopyrite) or recrystallization of amorphous silica 
are also interpreted as a result of ageing. 





Fig. 2 a, Polished section photographed in 
reflected light (1.2) showing a partially 
altered (light grey, top left corner of photo- 
graph) and a completely altered black smoker 
fragment (dark, nearly in the center) as well as 
a mound fragment (dark grey. bottom left cor- 
ner) included in silica associated with pyrite in 
Peristerka ore. The black smoker fragments 
consist of chalcopyrite or its alteration prod- 
ucts. The mound fragment is formed by a 
porous aggregate of zinc sulphide spherulites 
containing radiating inclusions of galena or 
jordanite. The mound fragment alteration rim 
(black) is only slightly altered in comparison 
with the other fragments. 6, Black smoker frag- 
ments (porous aggregates at the top left and 
bottom right corner of photograph) included 
in a porous collomorphic aggregate of 
pyrite in the Galapagos mineralization. 
Photographed in polished section (x 1.8). ¢, d, 
Worm tubes and various organic remains 
replaced by pyrite and opal! in the Juan de Fuca 
deposits (c) and fossil equivalent in Peristerka 
(d). Photographed in polished section. 


Comparisons of the mineralogy and texture of Cyprus ore 
with those of EPR deposits confirm that both were formed at 
the sea water—basalt interface as the result of hydrothermal 
circulations (in the same temperature range) in the oceanic crust 
near the ridge axis, in good agreement with geochemical and 
isotopic data?}~39, 
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The fossil fauna of the molassic Sivalik deposits is well docu- 
mented but little is known of its environment and ecology. 
Initial reports" were based on published fauna and flora, and 
palaeoecologically oriented field studies””*”, particularly of the 
Upper Sivalik Subgroup, were few. We present here a pre- 
liminary report on the fauna, flora, taphonomy, environment 
and ecology of Upper Sivaliks of north-east Chandigarh, India. 
Previously these have yielded cercopithecoids, Procyno- 
cephalus** and Theropithecus**, and Palaeolithic artefacts". 
We found that the Upper Sivaliks are basically fluviatile. The 
Tatrots and Pinjors were laid down by laterally shifting rivers 
on a flood plain. The Boulder Conglomerates are predominantly 
alluvial fan deposits. The Upper Sivalik bone assemblage is 
highly sorted with the dominance of heavier, denser and more 
lurable parts. The fauna and flora indicate a mosaic dominated 





by wooded grassland with bushland and grassland for Tatrots 


and dominant grassland with some bushland and wooded grass- 
land for Pinjors. The geology and fauna indicate that the climate 
was warm and humid during Tatrots, relatively arid and less 
warm during Pinjors, and became increasingly cold and arid 
during Boulder Conglomerate deposition in this area. 

A survey of the area (Fig. 1) by R.G. for a total period of 8 
months from 1976 to 1980. yielded a large number of fossil 
invertebrates and vertebrates (Table 1). All the three formations 
of Upper Sivaliks—Tatrot, Pinjor and Boulder Conglomerate— 
are exposed here. Tatrots occur as discontinuous isolated patches 
separated by Pinjor outcrops. Clay, silt, sandstone and con- 


~-.. glomeratic beds of various textures and hues, with cross- 


wa a convolute bedding, load casts, desiccation Pas silt 
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TR Sivaliks 


Faunal type Tatrot Pinjor c 3 
Pisces n 
Seluridae indet. + a 
Reptilia 
Crocodilidae indet. + + 
Chelomdae indet. + + 
Mammalia 
Rodentia ; 7 p 
Muridae indet. 0 104) 
Carnivora SR 
Vishnuictis sp. nov. 0 - LA 
Proboscidea : oo” has 
Siegodon bombifrons 1(1) uD oe) 
Stegodon insignis 3(1) 1403) eed, 
Elephas planifrons 1(1) 20(4) nD 
Elephas platycephalus 0 2(1) eRe 
Elephas hysudricus | Q 123) zee 
Perissodactyla Shae 
Equidae eri 
Equus sivalensis 0 66(7} Qe 
Equus subsp. nov, 0 5{1} me) oe 
Rhinocerotidae Sans 
Coelodonta platyrhinus 0 6(2) aon | Bae 
Rhinoceros sivalensis 0 H3} qori 
Rhinoceros palaeindicus 0 7(2) Qe 
Artiodactyla 
Suidae 
Potamochoerus theobaldi 0) 1{1} (} 
Potamochoerus sp. 11) 0 0 
Sus falconeri 0 8(2) Qs) 
Sus sp. nov. 0 2(4) Qo 
Hippopotamidae 
Haxaprotodon sivalensis 11(3) 5(1) ü 
Cervidae A 
Rucervus simplicidens 0 Ui} 0 
Cervidae indet. 0 122) 9 
Camelidae 
Camelus sivalensis 0 74} ü 
Giraffidae 
Sivatherium giganteum 2(1) 8(1)} 0 
Bovidae 
Leptobos falconeri 4(1) 0 0 
Demelops palaeindicus Q 3(1) Q: 
Bovini indet. 12) 95(10) ü 
Reduncini indet. 0 4(4) 0 
Alcelaphini indet. 0 14(3) oe i cane 
Antilopini indet, 0 14{2} Qo: 
Total 4011) 317(56) Oe 





+ Present; — absent. Values in parentheses represent the minimum number of ae 
individuals. Oe 


lenses, scour and fill structures, mudballs, fining-upwards — 
sequences characterize the Upper Sivaliks of this area. A pre- 
liminary magnetostratigraphic study’® suggests an age of 3. iss 
0.73 Myr for the Upper Sivaliks of this area. However, — 
equivalent rocks in northern Pakistan have been assigned an. 
age of 5.5-0.6 Myr’. Both these studies!* place the boundary 
between Tatrot and Pinjor beds at the Gauss/Matuyama transi- 
tion, that is, about 2.5 Myr. ae 

The Upper Sivaliks in this area display three major types ol 
facies; flood-plain, channel and alluvial fan. The mean (M, 
the grain size of Tatrot sandstones is less than that of- 
sandstones (2.6 and 2.3 units respectively). The finer chara 
of Tatrot deposits suggests that the energy level of the deposi 
water was low compared with the Pinjor and Boulder Congl: 
erate formations, probably due to lower gradients. Large-s 
flat bedding in Tatrots suggests deposition on extensive | 
plains. Fining-upwards sequences were observed in the T 
and Pinjor deposits indicating deposition by the laterally shif 
channels of meandering rivers. Red coloration of sedim: 
generally implies warm and humid conditions’’. Decreasing 
coloration of sediments from Tatrot to Boulder Conglome: 
Formation probably denotes a decrease in warmth and hur 
from Tatrots to Pinjors and relatively cold and arid to sem 
climate for the Boulder Conglomerates. The change fr 
warm to a relatively cool climate from Tatrots to Pinjor 
confirmed by the decrease in the carbonate content of. the oC 
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Fig. 1 Generalized locality map of the Upper Sivaliks. 


from 7.3% to 2.7%, since deposition of carbonates generally 
‘takes place in warmer climates: at low temperatures water 
contains more carbonate in dissolved form’. The lithology of 
Pinjors suggests that they were deposited in channels, on the 
flood-plain and also in ox-bow lakes, ponds and other 
depressions of the flood-plain. From the base to the top of 
Pinjors there is a gradual increase in the coarseness of deposits 
suggesting a steady elevation in the source area. The increase 
in coarseness of sediments from the Tatrot to Boulder Conglom- 
-erate could indicate a steady change in climate from more humid 
during Tatrot to relatively arid during Pinjors, becoming increas- 
ingly arid towards the top of Pinjors. A sudden and sharp 
elevation of the adjacent mountains probably marked the begin- 
ning of the Boulder Conglomerate Formation. Consequently, 
thick alluvial fan aprons, assisted by a subsiding basin, accumu- 
lated at the foot of the mountains. The sinuosity of the depositing 
riverine system decreased and a nearly braided system 
developed. Since the best- -developed alluvial fans now occur in 
arid to semi-arid and subarctic regions”’, the climate during the 
deposition of the Boulder Conglomerates was probably arid to 
semi-arid and relatively cold. 
Most of the skeletal elements of the fossil assemblages found 
are disarticulated and fragmentary: the bones do not occur in 
-proportions that would be expected if whole animals were 
preserved. From the proportional representation of the skeletal 
elements (number present/number expected in an average 
skeleton, based on the minimum number of individuals) (Table 
2), itis clear that the heavier, denser and more durable elements, 
such as, mandibles, metapodia and isolated teeth, have been 
‘preferably preserved. The poor representation of vertebrae, 
ribs and phalanges indicates that certain taphonomic processes 











operated against the preservation of relatively light and fragile 
bones. On the whole, the proportional representation of 
skeletal elements is similar to the second and third dispersal 
groups of Voorhies**, denoting that the bone assemblage was 
sorted. 

Pinjor sediments have yielded more fossils than the Tatrots. 
Identifiable fossils are rare in the Boulder Conglomerate Forma- 
tion. We found that the Tatrot/Pinjor boundary (which corres- 
ponds with the Gauss/Matuyama transition) in this area is 
marked by the first appearance of Equus sivalensis, Equus subsp. 
nov., Elephas hysudricus, Sus sp. nov., Vishnuictis sp. nov., 
Rhinoceros palaeindicus, Rhinoceros sivalensis and Rucervus 
simplicidens. Hipparion, which has been recorded from the Pin- 
jor Formation of northern Pakistan’®”’, i is absent in the Pinjors 
of this area. In contrast to Opdyke et al’? and Barry et al”, 
we found Elephas planifrons in the Tatrot beds near Masol 
belonging to the Gauss magnetic epoch'®. As in the Upper 
Sivaliks of Pakistan'’, cervids with antlers make their first 
appearance in the Pinjors of this area also. In the present 
assemblage, Camelus is restricted to the Pinjor Formation, 
though it has earlier been recorded from Tatrot Formation 
also****, Three new taxa (to be described elsewhere), Vishnuic- 
tis sp. nov., Sus sp. nov. and Equus subsp. nov., are reported 
from the Pinjor Formation of this area. Potamochoerus theobaldi 
is reported from this area for the first time and Stegodon bombi- 
frons is recorded for the first time from Pinjors. 

In addition to vertebrates, a number of freshwater gastropods, 
crustaceans, ostracods (Candona, Ilyocypris, Zonocypris, 
Potamocypris and Hemicypris) and unionids were collected. The 
floral remains found are restricted to a few unidentified seeds 
and numerous oogonia of charophytes, that is, Sphaerochara 
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= Fig. 2 a, Relative abundance of fossil mammals ie eee 

in the Tatrot assemblage; b, relative abundance aac of a 
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ara rantzieni, Chara surazpurica, Hornichara maslovi 

ellopsis sp. 

e an ndance of cold-blooded animals, such as crocodiles 
urtles, in Tatrots suggests a well-watered landscape and a 

‘warm climate. The occurrence of charophytes in some Tatrot 


; beds indicates clear water bodies with little current action and 






“high pH. The abundance of Hexaprotodon in the Tatrot assem- 
blage (Fig. 2a) suggests large sluggish rivers and a relatively 
warm climate. There are few typical cursorial and grassland 
animals in the Tatrot assemblage. The Tatrot bovini show varied 
adaptations ranging from grassland to bushland, savannahs and 
woodlands. Tatrot proboscideans and suids indicate the presence 
of bushlands and wooded grasslands. There are no species indica- 
tive of forest. The faunal diversity spectra of Tatrot mammals 
(Fig. 2c) suggests a mosaic dominated by wooded grassland with 
grassland, bushland and some woodland. 

The chelonids and crocodilians are less abundant in Pinjors 
than Tatrots. Since the reptiles attain great size and profusion 
in warmer climates*’, their low frequency in Pinjors probably 
indicates a colder climate than that of Tatrots. The occurrence 
of charophytes, freshwater ostracods, gastropods and unionids 
indicates the presence of localized water bodies, such as ponds 
and ox-bow lakes. The most abundant Pinjor mammals are 
equids, bovids and elephants (Fig. 2b)—all grazing animals— 
suggesting that a major part of Pinjor habitat was probably 
comprised of grassland. Dominance by animals with cursorial 
adaptations, equids and bovids, suggests an open landscape. The 
habitat spectra of Pinjor mammals (Fig. 2c) also supports the 
view that grassland dominated the habitat which also included 
some bushland and wooded grassland. Forest and closed habitat 
forms are rare. There is a change from a dominant wooded 
grassland/bushland habitat of Tatrots to an open grassland in 
Pinjors probably resulting from increasing aridity and also indi- 
cated by the desert mammals in the Pinjors (Fig. 2c). 

Since identifiable fossils are rare in the Boulder Conglomerate 
Formation we cannot discuss its palaeoecological conditions. 

The Plio-Pleistocene Upper Sivalik molassic deposits were 
deposited by a well-developed meandering riverine system on 
a broad flood-plain. Thick aprons of alluvial fans were deposited 
during Boulder Conglomerate times and the climate became 
more arid and cold. The taphonomic processes during Upper 
Sivaliks favoured the preservation of heavier, denser and more 
durable elements resulting in a highly sorted bone assemblage. 
The geology and fauna suggest a warm and humid climate for 
Tatrots and a relatively arid and less warm climate for Pinjors. 

We thank Dr Peter Andrews, British Museum of Natural 
History, London, for his comments on an earlier version of this 


paper. 


Table 2 Proportional abundance of various skeletal elements in the Upper Sivalik 
fossil assemblage in north-east Chandigarh 


Mananta Ath heh AA ehhh ATEA chant ALATA mar ed fer ret LAA AE A A rhain iaer aa iraina riaa bath phn eaa gaa 


Proportional 
Skeletal element Number percentage 
Maxillae 3 2.24 
Mandibles 18 13.43 
Maxilla 190 9.32 
Mandibular? Teeth ep AAR gae E 
Skull 1 1.50 
Vertebrae 12 0.64 
Ribs 7 0.87 
Humerii 4 2.90 
Radii/ulnae 2 1.40 
Femora 6 4.40 
Tibiae 8 §.97 
Astragalii 9 6.71 
Calcania 5 3.73 
Podiais (other than astragalus and 16 1.08 
calcanium) 
Metapodia (3rd metapodial of 
perissodactyls and cannon bone of 
artiodactyls) 
Metacarpals il 13.401, e 
Metatarsals ta a 13-40h1 5.24 
Phalanges (including metapodia of suids 10 0.35 
and hippos) 
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The relative chronology of the continental European Plio-Pleis- | 
tocene deposits has generally been deduced from the biostrati- | 
graphic data with support from radiometric ages. derived by | 
K/Ar or fission track methods. In many cases it is impossible 
to obtain reliable radiometric dates, and in such cases _ 
palacomagnetic studies can be a useful tool for the correlation | 
of the local faunas into the magnetic polarity time scale. We — 
present here a study of the remanent magnetization of lacustrine _ 
sediments and basaltic lavas of the Velay region (Massif Central, _ 
France) associated with early and late Villafranchian tannas 
and prehistoric remains. a 
Volcanic activity in the Massif Central (France) has Been” 
paroxysmic from the Miocene almost to the present (ceasing — 
some 3,450 yr ago. However, in some parts of that area, for 
example Western Velay, it began only about 3.5 Myr ago and 
ended about 0.7 Myr ago’. Basaltic and basanitic flows were. 
laid down on eroded surfaces of the Palaeozoic belts and on the 
Oligocene lacustrine clays. Barred valleys and Maar’s craters 
were occupied by lakes during the Pliocene and Pleistocene. — 
The lacustrine sediments containing fossils were. overlaid. and 
protected from the erosion by other lava flows, i 
In the region of Le Puy en Velay, palacontological discover: 
ies began during the last century*. Thus the Vialette, Sainzelles — 
and Soleihac deposits have been well known for more than 100 
years. Figure 1 shows the geographical situation of the sites. Pe 
Many stratigraphic studies have been carried out on the sites’. 
Maar structures were definitely recognized at Sainzelles. anc 
Soleihac but at Vialette this origin is not fully confirmed 
each site, the study of mammal bones allows us to recog 
the fossil assemblages, to assess their level of evolution a 
compare them with other well-known fossil faunas. The Vialette 
fauna is thought to be the oldest Villafranchian fauna in Euro 
The Sainzelles fauna is considered one of the last Villafranc 
faunas’? or one of the first post-Villafranchian faunas’. 
sorting and fracturing of the bones led us to think of it as 
of the oldest sites of hominid occupation in Europe??? 
Soleihac fauna represents the transitional term between late _ 
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Fig. 1 Geographical localization of sites. 


- Villafranchian faunas and middle Pleistocene faunas. The fossils 

lay around the oldest known built structure made by the 

< European hominids, a rocky wall made with basalt blocks more 

_ than 20 m in length. The stone tool industry—producing chop- 

- pers, chopping-tools, proto-biface implements (one is known), 

and scrappers is certainly older than the Abbeville culture’”, A 
study is under way to try to correlate the magnetic polarities 
of those formations with the standard geomagnetic polarity time 
scale’? using all the reliable chronological results, including 
K/Ar, fission tracks and palaeontology. 

The stratigraphy of each site studied is summarized in Fig. 2. 
The Pliocene and Pleistocene deposits lie in general on the 
Oligocene clays. In Vialette (Fig. 2a), the fossiliferous sediments 
lie on a basaltic flow and were probably overlain by the upper 
flow (now partially eroded). K/Ar dating gave ages of 3.30+ 

` 0.06 Myr for the lower flow and 2.60 +0.1 Myr for the upper 
flow”. The fission track age (on sphene crystals contained in the 
sediments) was 3.14+0.6Myr (ref. 14). A preliminary 
_palaeomagnetic study of 12 samples of sediments gave a stable 
normal polarity thought to have been acquired during the Gauss 
epoch. 
~ In Sainzelles. (Fig. -2b), the fossiliferous deposits lie on a 
pyroclastic flag (tuff-ring) and are overlain by pyroclastics and 
a basaltic flow (E.B., J. P. Raynal, J. Mergoil and N.T., unpub- 
‘lished data). The sediments are, from bottom to top: colluviums 
of pyroclastic origin interlain with sands; pink lacustrine clays; 
silts and clays with fossil mammals. K/ Ar dating of the upperflow 
-gave two ages: 1.3 Myr and 1.4 Myr (refs 15, 16). 
vIn Soleihac (Fig. 2c), the lacustrine deposits are contained in 
a maar depression of about 1.0 km diameter. The deposits are, 
-from bottom to top: blocks and gravels of the tuff-ring (bed F, 
. 20 m thick); blue clays interlain with colluviums of pyroclastite 
_ (bed E, 50-80 m thick); silts and sands of fluviolacustrine origin 
~ {bed D, 10-15 m thick); grey silts and sands containing the 
palaeontological and prehistoric remains (bed C, 1-2 m thick); 
sands and gravels alternating with organic layers (bed B, 2-3 m 
thick); basaltic fallen rocks and colluviums (bed A, 10-25 m 
_ thick). This stratigraphy will be completed by the study of two 
cores. (60 to 80m) drilled near the prehistoric site; the 
results show an extension of the top of the deposits above 
About 250 samples atonta with a magnetic compass were 
alysed at the Laboratoire de Géologie du Quaternaire du 
re National de la Recherche Scientifique in Marseille- 
< Luminy. The measurements were made with a Digico spinner 
magnetometer”. Analysis of the natural remanent magnetiz- 
ation (NRM) was made using several methods: alternating field 
_(a.f.) demagnetization (with a Schonstedt GDS-1 demag- 
“netizer), 300 °C thermal demagnetization (30 min in a Digico 
furnace), yiscosity test!®, use of the. demagnetization vector 
< diagrams’*?° and remagnetization circles?'. All palaeomagnetic 
conclusions are the result of a whole Secomporition of the NRM 
“in order to test its stability, - 
_. The mean directions of characteristic magnetizations and the 
: statistical parameters for the various sites are presented in Table 
3 k We discuss, here the final conclusions of analysis at each site. 
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Fig. 2 a, Stratigraphical scheme of the Vialette’s deposits. b, 
Stratigraphical scheme of the Sainzelle’s deposits. c, Stratigraphical 
scheme of the Soleihac’s deposits. 


Vialette: The polarity of the lower flow was clearly reversed 
after 60 mT (millitesla) a.f. treatment. The sediments showed 
a stable normal polarity after 30 mT a.f. treatment and 300 °C 
thermal treatment, which can be attributed to the characteristic 
magnetization. The polarity of the upper flow was clearly 
reversed after 60 mT a.f. treatment but the mean direction is 
significantly different from that of the lower flow. Clearly the 
sediments were laid down in a normal geomagnetic field; the 
lavas were laid down in a reverse geomagnetic field. 

The K/Ar age of the lower flow {3.33 +0.06 Myr) would 
correspond to the normal interval at. the beginning of the Gauss 
epoch but its reverse polarity does not agree with that age. 
However, we suggest two reverse intervals near 3.3 Myr: one 
at the end of the Gilbert Epoch (3.80-3.40 Myr) or the Mam- 
moth Event in the Gauss Epoch (3.15-3.05 Myr). The fission 
track age of the sediments (3.14 +0.60 Myr) goes from the end 
of Gilbert to the end of Gauss. The normal polarity restricts 
the choice to the Gauss Epoch (3.40-2. 48 Myr) with the excep- 
tion of the Mammoth and Kaena Events. The K/ Ar age of the 
upper flow (2.60+0.1 Myr) would pond | 
interval at the end of the Gauss Epoc 





















does not agree with that age, but th followi g intervals are 
possible: in the Gauss dii Mammoth Event (3.15-3.05 Myr) 
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Fig.3 Correlation of the fossiliferous sequences at Vialette, Sain- 

zelles and Soleihac with the geomagnetic polarity time scale’. 

Black areas are normal polarity intervals, white areas are reverse 
polarity intervals. 


or Kaena Event (3,01-2.92 Myr); beginning of the Matuyama 
Epoch (2.48-2.14 Myr). The third proposition seems to be in 
best agreement with the K/Ar age. 

The biostratigraphy can help us to determine in which part 
of Gauss Epoch the fossiliferous sediments can be placed. A 
faunal association very similar to the Vialette one has been 
discovered in Romania in lacustrine deposits of the Brasov 
depression near laras**, Palaeomagnetic study of two sections 
allowed the lower section of reverse polarity to be placed in the 
Gilbert Epoch and the upper section of normal polarity to be 
placed in the Gauss Epoch; a short reverse event was recorded 
at the top part of the upper section attributed to Mammoth or 
Kaena. As the fauna lies at the bottom of the upper section its 
age is thought to be between 3.2 and 3.3 Myr. Comparison with 
the well-known early Villafranchian fauna of Perrier-Etouaires 
(the twin site of Vialette) gives no help as its age is very 
controversial: either 2.50-2.60 Myr or 3.30-3.40 Myr (refs 23~ 
25). Reference to the laras deposits provides a new arugment 


in favour of the oldest age for the first appearance of the 


Villafranchian faunas in Europe: 3.3 Myr. Thus, we will retain 
the interval 3.4-3.15 Myr, beginning of the Gauss Epoch, for 
the Vialette fossiliferous sediments. 

Sainzelles: Two polarities have been discovered in the lacustrine 
deposits: the lower levels (pink clays) showed a normal stable 
remanent magnetization after 30 and 50 mT a.f. treatment and 
300 °C thermal treatment, which is considered as the charac- 
teristic depositional magnetization. The upper levels (top of 
pink clays and above) showed an intermediate direction after 
30 mT treatment which is probably the result of a reverse 


primary depositional magnetization covered by a hard viscous — 
_ component (total demagnetization of samples showed no ten- 
< dency towards reverse directions). This hypothesis is strongly 
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The repartition of the directions for Sainzelles sediment upper levels 
and Soleihac sediment lower levels (bottom of bed E) cannot be con- | 
sidered as fisherian {K lower than 3). D, declination; I, inclination; K, _ 
precision parameter of Fisher; Alpha 95, radius of the cone of confidence — 
at 95%. reece E 





supported by the clearly reversed polarity of the thermoremnant _ 
magnetization of the overlying flow. The K/Ar ages obtained 
on the flow show that the normal polarity of the lower deposits _ 
has to be attributed to the Olduvai Event (1.87-1.67 Myr). The | 
reversed polarity must have been acquired afterwards (between 
1.67 and 1.40 or 1.30 Myr). ae 
The Sainzelles fauna belongs to the last interval. It shows 
many similarities to the fauna of the La Sartanette (France) _ 
cave, located near Nimes”°. This fauna is contained in lacustrine _ 
deposits of reverse polarity?”, lying on a conglomerate derived . 
agrees well with the interval agreed for the Sainzelles fauna 
which was previously defined as intermediate between the fauna _ 
of Seneze and Le Vallonet””'°. The maximum age of the Seneze _ 
fauna is 2.01 Myr (refs 28, 29) and the age of Le Vallonet fauna | 
is between 1.20 and 0.80 Myr (ref. 30), or more precisely, it 
corresponds to the Jaramillo Event*'. The K/Ar age of the | 
Sainzelles flow restricts the upper limit to 1.40 or 1.30 Myr and — 
the palacomagnetic data restrict the lower limit to 1.67 Myr. 
Soleihac: The lower part of bed E (bottom of the lacustrine _ 
deposits) showed a great scatter between the individual direc- _ 
tions of magnetization after a.f. treatment. The thermal treat- _ 
ment gave reverse or intermediate directions. This suggests that : 
a reverse primary magnetization was covered by a hard normal _ 
viscous component. The top of bed E and bed D showed a vel 
stable normal magnetization which is considered asa characteris- 
tic depositional one. At the top of the long cores (above bed _ 
B) two samples showed a stable reverse magnetization at 5.2 
depth, two showed an intermediate magnetization at 5 m dept! 
and two showed a stable normal magnetization at 3m dept 
Thus, the Soleihac deposits have preserved, from bottom te 
a succession. of four polarity zones: reverse~normal-rev 
normal. The fauna and the prehistoric remains lie i a 
normal polarity zone. a 
The Soleihac fauna can be compared with the fauna of anothe 
well-known European site, Isernia in Italy: the two associat 
contain common species. The Isernia fauna also contain 
younger species, known in another French site, the Escale 
where the deposits are younger than the Brunhes-Matuy: 
boundary (0.73 Myr)**. The Isernia fauna has a degree of evo 
ution between those of Soleihac and l Escale and its a 
recognized as older than the Brunhes~Matuyama boundary 
Furthermore, if the Soleihac fauna is considered more evol 
than that of Vallonet, it is not older than 0.97 Myr. Theref 
the normal interval corresponding to the faunal and prehist 
levels in Soleihac must be regarded as the Jaramillo Ev 
well- known marker of the end of the Villafranchian « over Euro 
and India’ 
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The results of this magnetostratigraphic study, according to 
_radiometric ages and biostratigraphic levels, are shown in Fig. 
- 3. The Vialette fauna is thus attributed to the beginning of the 
_ Gauss Epoch (3.40-3.15 Myr) which agrees with previous esti- 
~ mates. The Sainzelles fauna with hominid evidence is younger 
-than the end of the Olduvai Event (1.67 Myr) but older than 
~ about 1.30 Myr. In Soleihac, the fauna and the prehistoric levels 
correspond to the Jaramillo Event (0.97-0.90 Myr). This agrees 
< well with the age of the deposits of Le Vallonet and Isernia. 
: This period corresponds to a well known critical moment for 
the Pleistocene environment but also for hominid technology 
_-as evidenced by the oldest ‘architectural’ work in Europe. 
© This work was supported by the Ministère de la Recherche, 
contract DGRST no. 81 D 0378 to E.B. 
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Maternal dominance, breeding 
success and birth sex ratios in red deer 
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at female vertebrates who are able to invest more than 
n their offspring should produce male-biased sex 
first suggested by Trivers and Willard? who reasoned 
s he breeding success of males is more variable than that 
Fa of females and so may be more strongly influenced by parental 
- investment. Their evidence for a positive association between 
_ maternal condition and birth sex ratios was unconvincing” and 
` no subsequent studies. have produced conclusive evidence sup- 
-porting their hypothesis**, We show here that, in polygynous 
red. deer (Cervus elaphus), dominant mothers produce sig- 
nificantly more sons than subordinates and that maternal rank 
a greater effect on the breeding success of males than 
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STANDARDIZED MATERNAL DOMINANCE 


Fig.1 Lifetime reproductive success (LRS) of sons and daughters 

of red deer hinds in relation to their mother’s social rank. See text 

for details (@, males; ©, females). The slope shown is the reduced 
major axis??. 


Records for around 120 red deer hinds and 100 stags on the 
Isle of Rhum (Scotland) collected between 1971 and 1983 show 
the breeding success of each individual and the proportion of 
male and female calves born to each mother’. The social domin- 
ance of each hind is measured by calculating the total number 
of other hinds more than 1 yr old that she has been seen to 
threaten or displace, weighted by their ranks, and divided by 
the total number of hinds that threaten or displace her, again 
weighted by their ranks”"!®. Previous analyses have shown that 
this index is closely related to other measures of dominance 
including the ratio of the number of older animals a hind 
dominates to the number of younger ones that dominate her’® 
Since the hind population was divided into four segments by 
preferred habitat, and hinds rarely interact with members of 
segments other than their own’!, ranks are calculated within 
each segment of the population, and then combined on a stan- 
dardized scale. Estimates of rank calculated in this way are 
stable from year to year and are not affected by whether or not 
the hind has a calf at foot’. 

Among hinds, most components of breeding success are 
related to dominance rank, except for fecundity (the proportion 
of years in which a hind produces a calf; Table 1). Dominant 
hinds also conceive and change coat earlier than subordinates. 
As the timing of both coat change and conception is known to 
be influenced by body condition in red deer'*''’, this indicates 
that, as in primates’*, dominant animals are of a ‘superior body 
condition compared with subordinates. Dominance rank is also 
correlated with the hind’s body size (r=0.397, t= 2.116, 
P < 0.05) as well as with the social rank of her mother (r = 0.201, 
boo = 2.069, P< 0.05). 

Previous analysis of sex ratio data from Rhum failed to show 
that birth sex ratios varied si s significantly with the mother’s age, 
parity or home-range area”’°, However, comparison of the sex 
ratios produced by hinds allocated to three equal groups on the 
basis of rank, revealed a significant relationship between a hind’s 
dominance and the sex ratio of her offspring (Table 2a: G, = 
6.586, P <0.05). The sex ratio of offspring born to high-ranking 
females is significantly male-biased (60.6% male, n= 149; 
binomial test; z = 3.25, P< 0.01) while the sex ratio of offspring 
born to medium- and low-ranking hinds does not deviate sig- 
nificantly from parity (medium-ranking mothers: 53.9% male, 
z =0.929, not significant; low-ranking mothers: 46.9% male, 

= 0.868, not significant). This difference is consistent within 
all four segments in the study population and also within all 
seven cohorts of hinds born between 1966 and 1972 (Wilcoxon 
matched-pairs signed ranks test: T=0, P<0.02), showing that 
the relationship between rank and the sex ratio is not a con- 
sequence of any association between a hind’s dominance and 
her age or the location of her home range. 








































ally, we examined the correlation between the rank of 
ds and the birth sex ratio of their progeny, using a sample 
50 mothers (see below). Since the number of calves per hind 
as small (3-12), we weighted each point by the number of 
‘calves on which it was based. This analysis, too, showed a 
significant association between a hind’s rank and the sex ratio 
cof her progeny (r=0.291, tag = 2.106, P< 0.05). 

If the relationship between maternal rank and the sex ratio 
is an adaptive one, a mother’s rank should affect the breeding 
success of her sons more than that of her daughters. Our records 
indicate that this is the case. Measures of breeding success 
spanning at least half the average reproductive life are available 
for 58 female and 44 male offspring born between 1971 and 
1974 to 50 different mothers of known dominance rank. Analy- 
sis of 16 males and 29 females born between 1967 and 1970 





Table 1 Measures of breeding performance in hinds above median 
rank versus, those below it 








Subordinate Dominant 
Median age of 3.90 (60) 3.48 (52) G=4,32, 
first breeding (yr) P<0.05 
Fecundity rate (yr) 0.65 (46) 0.68 (43) G=0.01, NS 
% Conceiving 38 (55) 58 (50) G=491, 
before median P<0.05 
conception date 
% Changing into 35 (37) 62 (37) G=5.48, 
winter coat before P<0,02 
1 November 
Median weight of 6.4 (55) 6.8 (45) G=14.38, 
calves at birth (kg) P<0.001 
%Calf. mortality 45 (55) 28 (50) G=3.45, 
during first year 0.1> P>0.05 
of life | 
Mean lifespan (yr) 9 (14) 11 (14) Fisher’s exact 
probability, 
P<0.05 
Median lifetime 2.3 (14) 6.0 (15) Fisher’s exact 
reproductive probability, 
success (calves P<0.05 


reared to 1 yr old) 
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Data from cohorts born between 1967 and 1978. Sample sizes of 
mothers (shown in parentheses) differ between measures since not all 
variables were available for all individuals. The analyses control for the 
effects of age as well as for geographical variation in reproductive 
performance within the study area. All P values are for two-tailed t-tests. 
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shows that individual differences in breeding suci 
sistent across the lifespan'® and that lifetime repre 
cess (LRS) can be accurately predicted from a 
breeding succcess over the first half of the av 
lifespan (correlation and least-squares regres: 
breeding success up to 8 yr old for 16 stags: 
9.994, P<0.001; y=1.07+0.17x; correla 
squares regression for LRS on breeding succe 


for 29 hinds: r=0.873, t)7=9.301, P<0.0 
1,65x). Using these equations, we estimated the 
ductive success of the animals in our sample th: 
in 1983 (11 of the 44 stags and 37 of the 58 hi 
this to their observed breeding success during th 
years for which we have followed them. (In pra 
volved only a small error, since the average remainin 
expectancy was only 1.1 yr for the 11 stags and 2.3 yr for the 
37 hinds.) | RM 
Figure 1 shows that breeding success of males was positively | 
correlated with their mothers’ ranks (r= 0.519). Slopes were | 
calculated using least-squares regression and reduced major axis- 
since error was to be expected on both axes (least-squares 
regression: faz = 3.936, P<0.001; reduced major axis: t= 
7.583, P < 0.001). In contrast, there is no.consistent relationship. 
between maternal rank and the breeding success of females 
(r= 0.027, n = 58; not significant). When the two relationships. 
were compared, the slope for sons was significantly steeper than 
that for daughters (least-squares regression: F; oa = 12.22, Ps 
0.001; reduced major axis, z= 6.450, P< 0.001). The breeding 
success of males born to mothers above median rank was greater 
than that of females (means: males, 5.14; females, 3.03; ts:= 
2.12, P< 0.05), while females born to mothers of below median. 
rank tended to be more successful than males (means: males, 
2.00; females, 3.08; t4¢ = 1.69, 0.1 > P>0.05) = es 
Although the breeding success of sons increases with their 
mothers’ rank, a substantial proportion of variance is unaccoun- 
ted for by this analysis. In part, this is a consequence of calf 
mortality, which occurs throughout the range of maternal rank 
and accounts for the majority of zero scores. Rutting injuries 
also contribute to variance in male success. Six stags were 
permanently injured before they completed their reproductive 
lives and five of these were less successful than expected. Six 
others were born to mothers that failed to conceive in the year 
following their birth and who continued to suckle their offspring 
throughout their first year of life—unlike mothers who con- 
ceived again, who weaned their sons at between 6 and 8 
months’. All six stags whose mothers failed to conceive in 
the year following their birth were more successful than was 
predicted on the basis of their mother’s rank (binomial test, 
P<0,032). | Sa 











a0 Hind dominance rank = ` = b 


Table 2 Sex ratio of calves in relation to mother’s rank 










Upper (11) Kilmory (37) Intermediate Samhnsán 

ES ri (28) Insir OD 

Low (34) Medium (29) High (35) Sub. Dom. Sub. Dom. Sub. Dom. Sub. Dom.” 

= Males 61 90 149 Males 10 24 35 80 26 56 30. 39 
Females 69 77 97 Females 13 11 34 60 33 37 26 29 

% Males 46.9 53.9 60.6 % Males 43.4 68.6 50.7 57.1 441 602 536 574- 

Year of hind’s birth 3 

1966 (6) 1967 (8) 1968 (8) 1969 (5) 1970 (8) 1971 (10) 1972 (10) | 

c Sub. Dom. Sub. Dom. Sub. Dom. Sub. Dom. Sub. Dom. Sub. Dom. Sub. Dom. 

Males 10 21 14 19 12 13 13 19 7 10 13 17 12 15) 
Females 10 H i312 14 10 15 9 6 2 10 | 1 2 

% Males 50.0 65.6 51.9 61.3 46.2 46.4 67.9 53.8 83.3 56.5 60.7 50.0 


56.5 





a, All births 1970-82 from mothers born 


category are shown in parentheses. In the first analysis (a) hinds were divided into three equal divisions on the basis of rank. The minor inequalitie 
_ in sample size were a consequence of tied values of rank. In b and c, sample sizes within categories were small and hinds were divided into tw 
` categories: above median rank for their segment of the population (dominant, dom.) and below it (subordinate, sub.). rhe 


between 1957 and 1974; b, analysed sepa 
study population’®; and c analysed separately for hinds belonging to each of the cohorts born between 1966 and 1972. Numbers of hinc 












separately for each of the four geographical subdivision 5 
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< . The superior body condition and larger body size of dominant 

mothers may explain why their sons are more successful than 
those of subordinates: in red deer, the breeding success of stags 
_ depends on their fighting ability and body size” which, in turn, 
are related to growth and nutrition during the first 18 months 


< of life?1®!7_ Maternal rank may have a lesser effect on the 


> feproductive success of daughters both because early growth 
and adult size are less important to females!® and because 

differences in nutrition during the first year of life have a weaker 
influence on growth in females’. 

The mechanism underlying the association between rank and 
= >the sex ratio is unknown. In domestic ruminants, attempts to 
. “manipulate the sex ratio have been unsuccessful’*, although 
-significant trends have been previously reported in white-tailed 
-. deer'*?!, In red deer, the absence of any difference in calving 
» Yate between dominant and subordinate hinds once breeding 
has begun (Table 1) suggests that variation in the sex ratio is 
unlikely to be due to differences in zygote mortality unless these 
_ occur sufficiently soon after conception for the hind to conceive 
-- again in the same breeding season. 
| In contrast to these results, recent studies of baboons and 
`. macaques have shown that dominant mothers produce sig- 
nificantly female-biased sex ratios while subordinates tend to 
produce more sons than daughters®*. It is suggested that 
because female primates typically remain in their natal troops 
and inherit their mother’s rank whereas males disperse after 
adolescence, maternal rank may exert a stronger influence on 
the breeding success of daughters than on that of sons®. Unfortu- 
nately, no quantitative evidence of the comparative effects of 
maternal rank on the breeding success of male and female 
offspring in primates has yet been published**. However, the 
available evidence indicates that, in primates, body size may not 
be as important a determinant of male breeding success as in 
ungulates’*-*°, suggesting that early growth and parental invest- 
ment may also be less important to male primates. Conversely, 
female dominance hierarchies are more Clearly defined among 
-primates and a female’s rank is more strongly influenced by the 

status of her mother than in red deer?”~*!; it would not be 
surprising, therefore, if in primates a mother’s rank exerted a 
stronger influence on the breeding success of her daughters than 
in red deer. 

We thank the director of the Nature Conservancy. Council 
for permission to work on the island of Rhum; Jon Seger, 
Michael Reiss, Paul Harvey, John Maynard Smith, Michael 
Bulmer, Rick Charnov, Nick Davies, Anthony Arak, Doug 


Meikle and Dave Harper for comments and discussion: and 


Callan Duck and Glenn Iason, our collaborators in the Rhum 
red deer project, for their part in collecting data. The research 
is funded by grants from the SERC, NERC, Leverhulme Trust 
and the Royal Society. 


Received 30 September 1983; accepted 4 January 1984, 


. Trivers, R. L. & Willard, D, E. Science 179, 90-92 (1973). 

Myers, J. H, Am. Nat. 112, 381-388 (1978). 

Williams, G. C. Proc. R. Soc. B203, 567-580 (1979). 

Clutton-Brock, T. H. Nature 298, 11-13 (1982). 5 
_Chitton-Brock, T. H. & Albon, S. D. in Current Problems in Sociobiology (ed. King’s 
|. College sparing Group) (Cambridge University Press, 1982). 
. Altmann, J. Baboon Mothers and Infants (Harvard University Press, Cambridge, 1980). 
Simpson, M. J. & Simpson, A. E. Nature 300, 440-441 (1982). 
. Silk, }. B. Am. Nat 121, 56-66 (1983). 
. Chatton-Brock, T. H., Guinness, F. E. & Albon, S.r 
of Two Sexes (University of Chicago Press, 1980). 
- 10. Clutton-Brock, T. H., Albon, S. D., Gibson, R, M. & Guinness, F. E. Anim. Behav. 27, 
3 211-225 (1979). 

11. Clatton-Brock, T. H., Albon, S. D. & Guinness, F. E. Nature 300, 178-180 (1982), 

12. Ryder, M. L. J. Zool 181, 137-143 (1977). 

13. Mitchell, B. & Lincoln, G. A. J. Zool EFL, 141-152 (1973). 

414, Small, M. F. Int J. Primatol. 2, 91-95 (1981). 

43. Chitton-Brock, T. H., Albon, S. D. & Guinness, F, E. Nature 289, 487-487 (1981). 

16. Clutton-Brock, T. H, in Evolution from Molecules to Men (ed. Bendall, D. S.} (Cambridge 

University Press, 1983). . 

7, Suttie, J. M. Anim. Behav, 31, 610-611 (1983). 

18. Charnov, E. L. The Theory of Sex Allocation (Princeton University Press, 1982). 
19. Verme, L. J. J. Wildl. Mgmt 33, 881-887 (1969). . 
20. Verme, L. J. & Ozoga, 3. J.J. Widi. Mgmt 45, 710-715 (1981). 

21, McCullough, D. R. The George Reserve Deer Herd (University of Michigan Press, 1979). 

42. Geist, V. Mountain Sheep (University of Chicago Press, 1971). 

23. Bygott, D. thesis, Univ. Cambridge (1974). 


CRIA wR eRe 


D Red Deer: Behavior and Ecology 


24. Novikoshi, K. & Koyama, N. in Symp. of the Sth Congr. of Int. Primatological Soc. (eds 
Konde, S., Kawai, M., Ekara, A, & Kawamura, S.) 43-61 {Japan Science, Tokyo, 1974). 

25. Packer, C. thesis. Univ. Sussex (1977). 

26. Dewsbury, D. A. O. Rev. Biol, 87, 135-159 (1982). 

27, Kawai, M. Primates 14, 113-159 (1948). 

28. Missakiah, E. Primates 13, 169-180 (1972). 

29. Hausfater, G., Altmann, J. & Altmann, A. Science 217, 752-785 (1982). 

30. Dunbar, R. I. M. Behav. Ecol. Sociobiol 7, 253-265 (1980). 


31. Clutton-Brock, T. H., Greenwood, P. & Powell, R. P. Z. Tierpsychol. 41, 202-216 (1976). : 


32. Kermack, K. A. & Haldane, J. B. 8. Biometrika 37, 30-41 { 1950), 


Hyperpolarization of fish retinal 
horizontal cells by 
kainate and quisqualate 
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Kainic (KA) and quisqualic (QA) acids have a potent depolariz- 
ing action on a variety of neurones of the central nervous 


system’, including retinal horizontal cells*°, We now report A 


the novel finding that at low concentrations (1-3 uM), these 
‘excitatory’ amino acids hyperpolarize horizontal cells of the 
fish retina. We show that the hyperpolarizing effects of both 
KA and QA are reversed by the y-aminobutyric acid (GABA) 
antagonist bicuculline™", whereas a second GABA antagonist, 
picrotoxin’, reverses the effects of KA, but not of QA. Neither 
GABA antagonist influences horizontal cell depolarization by 
50 uM KA or 504M QA, thus the excitatory (depolarizing) 
and inhibitory (hyperpolarizing) effects of the amino acids 
involve independent mechanisms. We provide evidence that 
the hyperpolarizing effects are not mediated by the dopaminer- 
gic pathways associated with retinal horizontal cells’”, 

Retinal horizontal cells in cyprinid fish have large cell bodies 
and are organized into layers of interconnected neurones*'. In 
the dark, their resting potential is ~20 mV to ~40 mV and, in 
the main, they hyperpolarize in response to light, although 
C-type cells are depolarized by some stimulus wavelengths’ >™, 
It is proposed that in darkness, photoreceptors release a 
neurotransmitter which depolarizes the horizontal cells, and that 
light reduces the rate of transmitter release!+, causing hyper- 
polarization of the horizontal cells. Depolarization of C-type 
cells is attributed to a GA BAergic feedback connection between 
horizontal cells and photoreceptors'*'°, Horizontal cells are 
depolarized by =10 „M concentrations of KA and QA, but are 
hyperpolarized by a third excitatory amino acid, N-methyl-b- 
aspartate, and in each case, the light-evoked responses (S- 
potentials) are suppressed'’. We now report that at low con- 
centrations, KA and QA _ hyperpolarize horizontal cells, 
apparently through a GABAergic pathway. 

Retinas dissected from the excised eyes of dark-adapted 
cyprinid fish (roach, Rutilus rutilus) were placed receptor side 
up in a perfusion chamber and firmly held by a clamping ring 
and coarse-mesh net'’. The individual retina was superfused at 
a rate of 1-4 ml min`’, producing rapid changes in response to 
drugs. Microelectrodes (d.c. tip resistance of 80-150 MQ) were 
introduced from above the retina, which was stimulated from 
below with 300-ms light flashes. All data refer to L-type units 
which hyperpolarize for all stimulus wavelengths. Figure la 
illustrates hyperpolarization of the horizontal cells and reduction 
of their S-potentials by 1 ~M and 3 pM KA. The average change 
in membrane potential induced by 34M KA was ~10.0+ 
1.2 mV (+1 s.e.), with the S-potential amplitude changed by a 
factor of 0.43 + 0.07 (31 cells from 17 retinas). The correspond- 
ing values for 3 uM QA are —9.7+ 1.0 mV and 0.42 + 0.06 (13 
cells from 11 retinas). The figures exclude values for the first 
two or three applications of the amino acids, which were usually 


ineffective, and those for some 10% of the retinas in which 
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Fig. 1 Membrane potential ( V) of L-type horizontal cells with 
time, a, Hyperpolarization of horizontal cells by 1 uM and 3 uM 
KA. b, c, Reversal of hyperpolarizing effects of KA, but not those 
of QA, by 50 uM picrotoxin. d, Reversal of hyperpolarizing effects 
of 3 uM KA and QA by bicuculline. 

Methods: Hyperpolarizing responses (S-potentials) were elicited 
by weak (0.04 uW mm" ~*), 300-ms light flashes (wavelength 


650 nm), repeated at ~3-s intervals. Drugs were added to the 

standard Ringer (110 nm NaCl, 2.5mM KCI, 20 mM NaHCo,; 

20 mM glucose, pH 7.7) as indicated by the bars below the traces. 

Bi, bicuculline; KA, kainic acid; Pi, picrotoxin; QA, quisqualic 

acid. The solutions containing Pi and Bi were magnetically stirred, 

and in the case of Bi, sonicated, to overcome low solubility. Note 
that the two records of d refer to different cells. 





50 uM KA 
-30 1 min 
50 uM Bi 


| -between successive traces. Same protocol:as for Fig. 1. 
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re E = Fig. 3 a Effects of GABA are reversed by 50 pM bicuculline, 
Fig. 2. Neither picrotoxin nor bicuculline reverses the depolari | 
ation. of- horizontal cells by KA. The arrows denote continuity = 





















further applications also had no effect: The 
but not those of 3 pM QA, were revers 
a GABA antagonist” (Fig. 1b, c), and 
remained ineffective against 3 pM QA. A se 
onist, bicuculline’*, reversed the actions of both 
OA (Fig. 1d), but neither picrotoxin nor bicu 
the depolarization of horizontal cells by 50 u) 
QA. The picrotoxin concentration in Fig. 2a 
the same KA/picrotoxin concentration ratio 
thus the antagonistic effects of piprotoniy are e 
hyperpolarizing action of KA. : 
GABA depolarizes horizontal cells: of the turt 
isolated from the skate retina’’, but hypernots 
carp retina”. In roach, GABA. ‘usually hype 
horizontal cell membrane potential, but son 
depolarization at high (=5 mM) concentrations. Í 1 > 
the S-potential amplitude is reduced, and these effects are 
reversed by 50 pM bicuculline, but not by 504M or 250 uM 7 
picrotoxin (Fig. 3a). Previous reports that picrotoxin fails to 
antagonize GABA have been attributed to difficulties with _ 
iontophoresis*'**; Our preparation was superfused, however, 
and picrotoxin activity was. demonstrated by its. consistent 
antagonism of 3 yM: KA (Fig. tb, c). SE 
Fish retinal horizontal cells are postsynaptic to the dopaminer- aoe 
gic interplexiform cells’? and exogenous dopamine (DA) - 
modifies their electrophysiological responses**. Therefore, we 
tested for interaction betwen DA binding sites and those which 
mediate the action of 3 uM KA and QA. Dopamine at 204M. 
depolarized horizontal cells and reduced the S-potential ampli- __ 
tude (Fig. 3b) whereas 20 pM cis-flupentixol, which partially __ 
blocks the DA effects, hyperpolarized the horizontal cells, and __ 
both drugs acted in the presence or absence of 34M KA (Fig 
3b, c). Furthermore, neither 50M picrotoxin. nor 50M 
bicuculline blocked the DA effects, thus we-conclude that the __ 
pathways which mediate horizontal cell hyperpolarization by oe 
KA and QA are not dopaminergic. oe 
Our data demonstrate a novel action of excitatory amino acids 
at the outer plexiform level of the vertebrate retina. Picrotoxin 
differentiates between the hyperpolarizing actions of KA and 
QA, but both are antagonized by bicuculline (Fig. 1b, c), which 
also blocks the effects of exogenous GABA (Fig. 3a). Thus, 
the hyperpolarizing action of both KA and QA seems to be | 
associated with a GABAergic pathway. At low concentrations, 
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but not by 50 pM picrotoxin. b, Depolarization of horizontal cells 
by 20 uM dopamine (DA). c, Hyperpolarization of horizontal cells 
by cis-flupentixol. (Flu). Same protocol as for Fig. 1. 








KA, QA and glutamate release GABA from isolated horizontal 
cells?*5 and there is anatomical and histochemical evidence for 
GABAergic feedback from horizontal cells to photorecep- 
tors*°*’, which could mediate the bicuculline-sensitive hyper- 
polarization elicited by KA and QA (Fig. ab: Glutamate at 
500 uM hyperpolarizes fish horizontal cells'*, but in roach the 
dose response was too variable for systematic investigation. KA- 
and QA-induced depolarization of retinal horizontal cells has 
_ been interpreted as evidence that photoreceptors release a gluta- 
mate-like excitatory neurotransmitter’’’?, but our results 
_ demonstrate that these glutamate agonists bind with greater 
< sensitivity at sites which hyperpolarize horizontal cells through 
.. a GABA-related mechanism. Any interpretation of neurotran- 
smission between photoreceptors and horizontal cells should 
take into account this hyperpolarizing pathway. 
We thank H. Lundbeck & Co. for donating the cis-flupentixol. 
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development of ipsilateral 
retino-collicular 
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pS In rats and hamsters all parts of the superior colliculus (SC) 
rece ) ically organized projection from the retina 
me of the contralateral eye, and the rostral part also has a direct 
_ input from the lower temporal crescent of the ipsilateral retina, 
- which views the central, binocular portion of the visual field’. 
Initially the uncrossed projection covers the entire SC, but over 
-the first 2 weeks of postnatal life it becomes progressively 
< restricted to its adult dist: ‘ibution’. However, if the opposite 
> eye ‘is removed at birth there is a persistent widespread 
- wmerossed projection to the SC**, We have used short- and 









































long-term retrogradely transported neuronal markers to 
examine the distribution and fate of the ganglion cells of origin 
of the uncrossed retino-collicular projection throughout post- 
natal development. We conclude that the withdrawal of the 


early exuberant projection to the caudal SC is associated with: —* 


death of ganglion cells and their virtual elimination outside the 
temporal crescent of the ipsilateral retina. Early enucleation of 
the other eye rescues many of these cells. 

We performed experiments on golden hamsters ( Mesocricetus 
auratus), some of which had had one eye removed by section 
of the optic nerve under hypothermic anaesthesia on day 0 (the 
first 24 h after birth). At different ages pressure injections of 
retrogradely transported markers (horseradish peroxidase con- 
jugated to wheat germ agglutinin, WGA-HRP; fast blue, FB; 
true blue, TB; nuclear yellow, NY; and diamidino yellow, 
DY’) were made through fine glass capillaries (tip diameter 
about 50 um) into the superior colliculus on one or both sides. 
The volume injected ranged from 15-60 nl depending on the 
age of the animal. For animals younger than about 6 days we 
used hypothermic anaesthesia and for older animals 
intraperitoneal chloral hydrate (3.5 mg per 10 g body weight). 
After periods from 13 h to 22 days the animals were deeply 
anaesthetized with chloral hydrate and perfused either with 


0.9% saline followed by a mixture of 1% paraformal- «s | 


dehyde/ 1.25% glutaraldehyde in phosphate buffer (for the cases 
injected with WGA-HRP) or 1.5% saline followed by 4% 
paraformaldehyde in phosphate buffer (after injections of dyes). 
Directly after the saline perfusion, the eyes were removed and 
each retina was dissected out, mounted flat on a glass slide, and 
fixed with glutaraldehyde (for WGA-HRP) or paraformal- 
dehyde (for the dyes). Retinae labelled with WGA-HRP were 
reacted on the slide by the TMB method of Mesulam'** and 
viewed by bright- and dark-field microscopy. Retinae containing 
dye tracers were washed, dried and viewed in a Leitz Dialux 
20 fluorescence microscope with appropriate filters. After post- 
fixation and equilibration in 30% sucrose in phosphate buffer, 
the brains were frozen and sectioned at 50 um. The sections 
were examined either directly (for dyes) or after reacting with 
TMB (for WGA-HRP), to reconstruct the injection sites. 

Experiments were judged successful only if (1) labelled gang- 
lion cells were seen in the retina, with no evidence of extracel- 
lular spread of the stain to neighbouring neurones’, (2) the 
injection had adequately labelled the superior colliculus with 
no obvious involvement of the pretectal complex, the visual 
thalamus or the colliculus of the opposite side (unless that too 
had been deliberately injected), and (3) in the case of the 
enucleated animals, the entire eye and optic nerve on that side 
were missing. All experiments reported here were successful by 
these criteria. 

In 87 normal hamsters, and a second group of 61 animals in 
which one eye had been removed on the day of birth, we injected 
the SC on one side with either WGA-HRP or fluorescent dye, 
and perfused the animals after survival times of 13-40 h, on 
day 1, 3, 5, 9, 13, 17, 22 or as adults. (The shorter survival 
periods were used for NY to minimize leakage out of labelled 
cells” 1415.) In some of these individual cases, especially in older 
animals, the injection site occupied only a small fraction of the 
entire SC: analysis of the resulting patterns of retinal labelling 
provides information about the maturation of the topography 
of the retino-collicular projection (which we shall report on 
elsewhere). Here we are concerned with the source of the early 
exuberant uncrossed projection to the caudal part of the SC 
and how its developmental elimination is affected by removal 
of the other eye. We, therefore, examined the labelling in the 
ipsilateral retinae in the 50 normal and 39 enucleated animals 
in which the injection site definitely involved the whole of the 
caudal pole and altogether covered at least the posterior two 
thirds of the SC. 

The representative examples in Fig. 1 illustrate the way in 
which the distribution of ganglion cells in the ipsilateral eye 
(that is, the retina from which the uncrossed projection to the 


SC arises) progressively changes during postnatal development 


































Fig.1 Experiments to determine the distribution of ganglion cells with uncrossed retino-collicular projections at different ages. These hamsters. 
had several injections of either WGA-HRP or fluorescent dye (see text). The cross-hatching (left) indicates the collicular injection; only ies! 
the younger animals was the rostral pole well filled. Each retina was made to lie flat by means of a number of radial cuts, the largest; along 
the vertical meridian of the superior retina, being used to orientate it. (N, nasal; T, temporal; S, superior; I, inferior. Note the separate. 
calibration scale for the day 1 retina.) In every case the retina illustrated is from the right eye, ipsilateral to the injected SC. Top, retinae 
from normal animals; bottom, retinae from animals with left eyes removed on day of birth. Labelled ganglion cells indicated by dots. Forthe — 
first postnatal week or so there is little difference between the two groups of animals: ganglion cells projecting to the ipsilateral SC, though | 
especially dense in the lower temporal crescent, are scattered over the entire retina. After 9 days enucleated animals had more uncrossed — 
cells outside the lower temporal crescent. The number of ganglion cells labelled in the temporal crescent depended on the extent to which a 

the injection had invaded the rostral SC. oe 






Fig. 2 Experiments to determine the number and distribution of ganglion cells with axons that bifurcate at the optic chiasma. Much of th 
SC on one side (always including the caudal two thirds) was injected with a blue fluorescent dye and the other side with a yellow dye. 
retinae are displayed as in Fig, 1. (All retinae from enucleated animals were right eyes; for day 17 normal animal the left retina was at 
because it was more extensively labelled; for comparison, the retina is shown in mirror image as if from right eye so that temporal retin: 
always to the left.) Hatched area, dense concentration of cells labelled with dye injected into the contralateral SC: this always includes 
_of the nasal retina, which contributes to the early exuberant uncrossed projection. Cells labelled from the ipsilateral SC were dist 
their characteristic patterns at each age (see Fig. 1). Stars, ganglion cells unequivocally labelled with both dyes; these are more fre 
younger animals (see text), probably because the SC is smaller and more easily exposed for extensive injection during the first we 
In some older animals the absence of intense labelling transported from the contralateral SC (hatching) in the lower temporal cre 
to the difficulty of filling the rostral SC without involving the pretectal complex) obviously reduced our chances of detecting doub 
_ cells in the temporal crescent itself. However, enucleation neither rescues nor creates a large population of cells in the nasal retina 





to both colliculi, 





- in normal and enucleated animals. On day 1 (injected shortly 
after birth) labelled cells were scattered over the entire ipsi- 
lateral retina, but with a greater concentration in the lower 
temporal crescent, especially when the injection site included 
-the more rostral part of the SC. However, their overall number 
©- was low (even when the injection appeared to have filled the 
_ entire SC there were only about 200, half of which were outside 
the lower temporal crescent) and they were generally rather 
< faintly labelled, perhaps because at this stage uncrossed optic 


< axons are only just beginning to innervate the hamster SC‘. . 


` Because of the difficulty, especially in older animals, of filling 
` the entire SC without involving the pretectum or the opposite 
- side of the midbrain, rigorous quantitative comparison of the 
total number of labelled ganglion cells at each age is not possible. 
. However, examination of these cases in which the injection 
- involved at least the caudal two thirds of the SC showed that, 
in normal animals, the number of ganglion cells labelled in the 
ipsilateral retina and the intensity of labelling increased over 
the first few postnatal days, but by day 9-13 their distribution 
was becoming more restricted so that fewer were seen outside 
-the temporal crescent. By day 17 the adult pattern seemed fully 
-established and very few cells were labelled outside the temporal 
crescent and the number labelled within the crescent depended 
on the extent to which the injection had invaded the rostral 
third of the SC. 

By comparison, in hamsters in which one eye had been 
removed at birth the retinal ganglion cells with uncrossed axons 
remained more diffusely distributed, as in very young normal 
animals. After day 13, normal and enucleated animals with 
comparable injections differed consistently in the number of 
labelled ganglion cells outside the temporal crescent. Such a 
difference has already been described for fully- grown enucleated 
animals'*!© and our results imply that it is due largely to the 
partial preservation of a juvenile exuberant projection rather 
than the generation of an entirely novel one. 

This leaves unanswered the question why enucleation of one 
eye at birth leads to the retention of a considerable extra 


Fig. 3 Experiment to test whether 
ganglion cell death is a major factor 
in the withdrawal of the early, 
exuberant uncrossed projection, and 
whether such death is prevented by 
enucleation. Animals had the right 
SC extensively injected with FB on 
the day of birth but they were 
allowed to survive until day 22. In 
this illustration the extent of the 
injection site (reconstructed from 
sections of the brain) is drawn accur- 
ately in relation to the borders of the 
SC on the left: the cross-hatched 
<: areas indicate the dense staining with 
FB visible on day 22, though it is 
< sprobable, of course, that the area of 
=o effective infiltration with FB was 
larger immediately after the injec- 
-tion on day 0. Long survival times 
produced. a small halo of blue stain- 
e` acellular space and 

very small, presum- 
immediately around 
elled. ganglion cells, 
at label had spread 
other ganglion cells: 


Normal 
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population of ipsilaterally projecting ganglion cells in the retina 
of the remaining eye. Cunningham’s’’ observations in the rat 
suggested that it could be due either to preservation or to genesis 
of numerous ganglion cells whose axons bifurcate at the optic 


chiasma, but this hypothesis has not been supported by | double i 
labelling experiments in adult enucleated animals'’*'°. To. 


examine this idea in more detail we injected the SC with a ‘blue 
fluorescent dye (FB) on one side and with a yellow dye (DY 
or NY) on the other in a series of 10 normal and 11 enucleated 


animals ranging from the day of birth to adulthood. In older _ 


animals the FB was injected some 2-4 days before the NY and 
the animal was perfused 18-20 h later to allow enough time for 
the transport of both dyes'*?>. Both retinae were examined 
carefully for cells labelled with each dye and for double-labelled 
neurones. 

The sample results in Fig. 2 were selected because at each 
age the injection sites in the normal and the enucleated animal 
were similar in pattern, always involving the caudal part of the 
SC on both sides. The area of retina containing a high density 
of ganglion cells labelled with the dye injected into the contra- 
lateral SC is indicated by hatching: in most cases this included 
almost the entire nasal half. There were also many cells labelled 






with the dye injected into the ipsilateral SC distributed in a ` 


pattern characteristic of the age and status of the animal (com- 
pare, Fig. 1). The stars indicate the positions of cells that were 
labelled with both dyes (that is, cells with a bifurcating axon 
projecting to both colliculi). 

Only in some of the youngest animals was the extent of the 
injection of each dye adequate to label almost the entire distribu- 
tion of projecting ganglion cells in both eyes. Therefore, these 
experiments cannot provide definitive quantitative information 
about the total number of ganglion cells with axonal branches 


to both colliculi. However, comparison of normal and enucleated | 


animals with similar injections, always involving the caudal SC, 
should reveal whether there is at any stage a major population 
of nasal ganglion cells with bifurcating axons and whether enu- 
cleation helps to preserve or generate such cells. It was clear 


Day 22 


ipsilateral 


Contralateral 





ipsilateral 





gan iglion cells did not occur in tightly packed clusters, which would be expected if the dye had spread from one cell to its neighbours, 
ensity of labelled neurones was not higher than in comparable animals injected on day 21 and killed the following day. The clear 
ence between the distribution in the ipsilateral nasal retina of the normal and the enucleated animal, when the injections and survival 
es were virtually identical, cannot be accounted for by transneuronal spread of the dye. Most of the left (contralateral) retina in the normal 
nal was packed with labelled ganglion cells; but the right (ipsilateral) retina had a distribution of labelled cells that was typical of a normal 
: at 22 days rather than of a newborn (compare Fig. 1), implying that many cells that initially projected to the ipsilateral SC had died. 
On the other hand the enucleated animal had a greater density of labelled ceils, even in the temporal crescent, and still had a large complement 
of such cells outside the crescent that had survived since the day of birth. 
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p ‘that even at the youngest ages the double-labelled cells were 
-almost entirely restricted to the lower temporal crescent, just 
“as in the normal adult rat’®, and their numbers were never very 
high. For normal immature animals (day 13 and younger) there 
was an average of 13.6 double-labelled cells (S.D. = 9.36; N = 
,10 retinae). For normal animals 17 days and older, the mean 
number was only 0.8 (S.D.=1.17; N=10) but the apparent 
decrease may be accounted for by the less complete filling of 
the rostral SC and hence the temporal crescent in these older 
animals. More important, enucleation at birth certainly did not 
cause a massive increase at any age in the number of double- 
labelled cells. Indeed, the mean number was only 5.7 (S.D. = 
7.13; N =6) for enucleated animals day 13 and younger and 
1.2 (S.D.=1.5; N=5) for older animals. The differences in 
numbers between normals and enucleates were not statistically 
significant. It seems unlikely that cells with bifurcating axons 
contribute substantially to the preservation of the aberrant 
uncrossed projection from the nasal retina. 

Finally, we tested the hypothesis?" that enucleation prevents 
the death of some of the ganglion cells that contribute to the 
exuberant uncrossed projection. In 26 normal and 16 enucleated 
hamsters we made injections of a long-lasting dye (FB or TB) 
_ over most of the SC on one side. The animals were then allowed 
"= to survive until days 5, 9, 13 or 22. These injections should 
have labelled most of the cells of origin of the early uncrossed 
projection and any such ganglion cells that did not die should 
have remained labelled when examined after the normal period 
of restriction of the exuberant retino-collicular projection (see 
refs 19, 20 and 21 for similar studies of the development of 
interhemispheric connections). Figure 3 shows the distribution 
of such neonatally-labelled ganglion cells in both retinae of a 
normal hamster and in the ipsilateral retina of an enucleated 
animal at day 22, the longest period of survival. Comparison 
with the pattern of uncrossed cells in very young animals (Fig. 
1) shows that the vast majority of such aberrantly projecting 
cells outside the temporal crescent of the ipsilateral retina have 
died by day 22 in the normal hamster, but many still survive in 
the enucleated animal. Even in the temporal crescent itself the 
number of labelled cells is much higher in the enucleated than 
in the normal animal, suggesting that throughout the retina 
many cells with uncrossed axons normally die but a proportion 
of them can be rescued by enucleation. The examples in Fig. 3 
were chosen because of the almost identical appearance of their 
injection sites, but they are representative of the entire series 
in that the number of labelled cells in the ipsilateral eye was in 
every case higher in enucleated animals than in normals with 
comparable injections and survival times. 

Our experiments strongly suggest that during the postnatal 
elimination of the early uncrossed projection to the caudal] part 
of the SC there is widespread death of ganglion cells in the 
ipsilateral retina, and that neonatal removal of the other eye 
rescues many of these ipsilaterally projecting cells. Indeed 
Sengelaub and Finlay** have observed dying ganglion cells in 
the retinae of hamsters during the first 10 days of life and found 
that enucleation of the other eye reduces the number of dying 
cells*?. Recent results on cat (refs 24, 25 and D. S. Jacobs, V., H. 
Perry and M. J. Hawken, in preparation) and monkey? suggest 
that ganglion cell death during development occurs in a wide 
variety of mammals. Further work is needed to determine to 
what extent the death of ganglion cells is genetically program- 
med, or results from competition between optic nerve terminals 
from the two eyes, or between retino-tectal and cortico-tectal 
axons? “and even between the dendrites of neighbouring gang- 
lion cells*® 

This work was supported by grants from the US NIH (EY- 
03653), the Fundacion Luis Manuel, the Sloan Foundation and 
the Medical Research Council. W.M.C. is a Senior Investigator 
of the Clayton Foundation. 
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Mature human T lymphocytes can be separated by monoclonal 
antibodies OKT4 and OKT8 according to their surface | 
phenotypes into T4*T8~ and T4~T8* subsets”. From short- 
term experiments using bulk cultures, the helper/inducer func- 


tion has been assigned to the T4*T8™ subset and the — 


cytotoxic/suppressor function to the T4~T8* subset’”. Thus if _ 
T lymphocytes are separated after stimulation in a mixed lym- 
phocyte reaction (MLR), the entire cytotoxic activity is found 
in the T4 T8+ fraction whereas the T4*T8™ fraction shows no _ 
detectable cytotoxicity’. If, however, T lymphocytes are cloned _ 
after MLR and grown in long-term culture, a surprisingly large 
fraction of T4* T lymphocyte clones (TLC) shows cytotoxic _ 
activity**. Here we report that T4* TLC can acquire specific - 
cytotoxicity during in vitro cultivation, ae 
These experiments were prompted by the finding that several ; 
T4°T8” TLC specific for influenza virus? or for tuberculin®, — 
which had not been cytotoxic in the initial screening after a 
cloning, had become strongly positive for phytohaemagglutinin ~ 
(PHA)-dependent cytotoxicity after several months in culture 


but without changing their phenotype. Several experiments were 


performed to prove that this cytotoxicity is indeed a property — 


of the original TLC and is not caused by contaminating T — 


lymphocytes derived from irradiated stimulator cells. First, as 
demonstrated with influenza-virus specific TLC, both prolifera- 
tive response and cytotoxicity show an identical pattern of 
antigen specificity and HLA restriction (Table 1). Second; when 


the TLC are subcloned at 0.3 cells per well, all of 30 subclones 
_ show both antigen-specific proliferation and cytotoxicity. (nc 





shown). In addition, both proliferative and cytotoxic activity : 
show the same pattern of inhibition by monoclonal antila 
antibodies (not shown). 7 


To determine whether the cytotoxic activity is expressed only ` 


during phases of activation and proliferation, TLC were used z 
in cytotoxicity assays at different times after restimulation. As _ 





* Present address: Department of Immunology, University of Ulm, “PO ) Box. 4066, ‘ 
D-7900 Ulm, FRG. ay ee: 












Table 1 Specificity of acquired cytotoxicity is identical to the specificity 
of proliferative response 


: 7 % Specific lysis by clone 
Target cells GRI GR24 GR28 GRå4l 
A/USSR-infected, Dw1 34 3 24 6 
B/Lee-infected, Dwi 1 2 1 3 
_A/USSR- infected, Dw6 3 46 1 37 
B/Lee-infected, Dw6 2 1 0 1 

c.p.m. incorporated by clone 
_ Antigen presenting cells GR1 GR24  GR28 GR4i 
_ ÀA/USSR-infected, Dw1 7599 370 11077 254 
B/Lee-infected, Dw1 86 160 103 240 
- A/USSR-infected, Dw6 118 7250 280 6216 
B/ Lee-infected, Dw6 101 554 197 202 





Four influenza A/USSR virus-specific TLC? derived from donor G. R. 


(HLA-Dw1, Dw6) were tested simultaneously for specific cytotoxicity 
against infected B-lymphoblastoid (B-LCL) cells obtained from donors 
< who shared only one HLA-D antigen with donor G.R., and for prolifera- 
_ tive response to infected monocytes from the same donors as described’. 
<: Viruses used were A/USSR/90/77 and the immunologically unrelated 
B/Lee/40 as a control, effector: target cell ratio was 8: 1 in the cytotoxic- 
ity assay. 


shown in Table 2, cytotoxicity was independent of whether the 
TLC were freshly restimulated and still proliferating or whether 
-the cells had returned to a resting state when the expression of 
Tac-1 antigen (T-cell growth factor (TCGF)-receptor)’ had 
decreased and the TLC had lost their blastoid appearance. 

To follow the development of cytotoxicity 108 TLC were 
established from a MLR (F.J. anti-L.L.) and screened for 
cytotoxicity and specific proliferative response to L.L. stimulator 
-cells as soon as sufficient cells were available. Fifteen T4°T8™ 
TLC that were negative for cytotoxicity and proliferated 
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Table 2 Expression at cytotoxicity | is independent of the state of 
activation of the TLC 


% Specific lysis of target — 
ceils 


Days after Expression of 
last Tac-1 Infected Infected 
restimulation antigen Dwi-bearing allogeneic 

5 +++ 32 2 

22 ++ 42 3 

31 ++ 47 G 

38 + 37 0 

45 ~ 38 0 





Cells from TLC GR1 (specific for influenza A + HLA-Dw1) that had 
been restimulated with irradiated, infected HLA-matched PBL and 
TCGF at the intervals given were tested simultaneously for specific 
cytotoxicity towards A/USSR infected HLA-Dw1-bearing or allogeneic 
B-LCL cells. Tac-1 antigen expression was monitored with monoclonal 
anti-Tac antibody’ in indirect immunofluorescence. Effector: target cell 
ratio was 8:1. 


strongly in response to L.L. cells were grown by restimulation 


with irradiated L.L. cells and tested at several intervals for | 


antigen-specific and PHA-dependent cytotoxicity (Table 3). 
With all of the TLC, cytotoxicity against the stimulator cells 
became detectable 4 weeks after cloning and increased. with 


extended culture. The proliferative response was unchanged. 
All of nine subclones, subcloned when the parental TLC were 


not cytotoxic, exhibited cytotoxicity when first tested approxi- 
mately 3 weeks after subcloning (not shown). 

To exclude the possibility that these TLC caused “'Cr-release 
in the absence of target cell death®, target cells were incubated 
with mitomycin C-treated TLC and labelled. after 24h with 
3H-thymidine. The extent of growth inhibition was comparable 
to the *'Cr-release performed in parallel demonstrating that 
the target cells indeed had been killed (Table 4). 





Table 3 Development of cytotoxicity in human T4°8~ TLC 





% Specific lysis 


Days after 
Clone cloning L.L. L.L. + PHA 
10 18 0 4 
12 0 6 
27 0 6 
28 0 0 
48 0 5 
40 40 39 
10 21 0 1 
12 2 1 
27 0 0 
28 0 4 
48 0 2 
40 55 39 
10 28 l1 17 
12 15 = 16 
27 il 23 
28 14 21 
48 18 23 
40 53 43 
10 45 4 9 
12 17 31 
27 18 29 
28 14 18 
48 18 30 





Proliferative response (c.p.m.) to 


Medium 
F.J. only L.L. F.J. 
210 12,000 160 
168 1,995 151 
150 33,720 80 
106 1,116 63 
189 22,377 107 
NT 
1 62 15,925 105 
0 97 12,288 139 
0 179 19,594 -o 123 
0 125 12,033 130 
0 221 11,902 238 
3 NT . 
1 306 12,114 309 
1. 262 2,309 317 
0 281 2,119 576 
i 166 9,060 304 
3 NT . 
0 201 6,876 . 252 
0 94 2,232 137: 
0 65 1,259 64 
0 64 TE 1 LA Mois on a aie rs 


“Teel ‘ones’ y were ; established: from i a men MLR (FJ. anti-L.L.) by limiting dilution in “histoplates. at d an 










eats? Clones were tested on days 17, 18, 21, 28, 37 and 45 after cloning for specific and lectin-dependen 
as tar ete atan effector: target « cell ratio of 8:1. Clones initially negative for cytotoxicity were expanded by. stimu 
ays 22, 29 and 3 he clones oe had the OKT4*8~ phenotype. TLC no. 40 i is a T478” Jonė 








NATURE VOL. 308 22 MARCH 1984 
























JRE VOL. 308 22 MARCH 1984 


Mitomycin-C-treated - % Specific lysis 





GR24 cells per well -PHA +PHA 
0 | 
2x 10% 0 9 
4x 10* 0 16 
8 x 104 0 22 


So far, we have studied about 20 T4* TLC with various 

antigenic specificities and all of them acquired specific cytotoxic- 
ity in culture. All required antigenic restimulation for long-term 
growth and did not grow in TCGF alone. The cytotoxic capacity 
of these clones was stable once established and was still present 
when the proliferative response had ceased. Therefore, only the 
. specificity but not the function of these TLC was stable in 
“= long-term culture. . 
r How do these findings relate to the situation in vivo? Evidence 
has been presented that at least the majority of the T4* cytotoxic 
T lymphocytes obtained in vitro have specificity for class II HLA 
antigens”!*. However, the human cytotoxic T-cell response in 
vivo to several viral infections is known to be restricted only 
by HLA-A or -B antigens'’'*, which is also true of the 
cytotoxicity generated in primary MLR or after in vitro stimula- 
tion with viral antigens'*"'° mediated by T8* T lymphocytes. 
On the other hand, class II HLA antigen-specific cytotoxic T 
lymphocytes, for example, against HLA-SB antigens can only 
be generated after several stimulations in vitro'®. 

The present study does not answer the question of whether 
T4” cytotoxic T lymphocytes generally acquire their cytotoxicity 
only in culture, or if there exist ‘true’ cytotoxic T lymphocytes 
with specificity for class II antigens that are not detected in 
primary responses because of insufficient expansion in vivo. This 
study, however, clearly shows that at least some T4* lym- 
phocytes can acquire a new function while maintaining their 
antigen specificity. | 

It has recently been reported that murine T-cell clones may 
express multiple functions in vitro’’ or may acquire natural- 
killer-like activity in culture’®, Such observations have been 
interpreted as an indication for a functional flexibility of the 
immune system, capable of modifying an immune response’. 
However, the possibility must be considered that this flexibility 
is not normally realized in vivo but becomes apparent only in 
vitro, probably due to higher concentrations of antigen and 
lymphokines. | 
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Table 4 Inhibition of target cell proliferation by a cytotoxic T-cell clone 


Mitomycin C-treated TLC were used in lectin-dependent cytotoxicity against the autologous B-LCL as target cells. A 4h *'Cr-re 
performed with 10* labelled target cells per well in the presence or absence of PHA (10 pg m`’). For the assay of growth inhibition 10° | 
cells were incubated with the TLC with or without PHA for 24 h and labelled with 0.5 pCi °H-thymidine (2 Ci mmol™!) for 16 h. Three replicates 
were used. The mitomycin-treated TLC incorporated less than 100 ¢.p.m. in TCGF. Pe ars 
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Aged murine killer T-cell clones 
acquire specific cytotoxicity 
for P815 mastocytoma cells 


M. M. Simon, H. U. Weltzien, H, J. Bühring 
& K. Eichmann 


Max-Planck-institute for Immunobiology, Freiburg, FRG 





T-cell clones that grow continuously in tissue culture have _ 
become a major tool for studying the properties of T lym- 
phocytes. It is therefore important to know to what extent such 
clones resemble their normal counterparts. Several reports have _ 
appeared recently which demonstrate that long-term T-cell lines _ 
may lose the specificity for which they were initially selected _ 
and acquire cytotoxic activity to a variety of targets, typical of _ 
the activity displayed by natural killer cells’, We now report. 
a number of instances in which murine cytotoxic T-cell clones 
have lost their original specific cytotoxic activity but have 
acquired strong specific cytotoxic activity for P815 mastocytoma 
target cells. Loss of the original specificity was usually observed __ 
after continuous in vitro cultivation for more than 6 months. __ 
We propose that this novel type of cytotoxicity should be called __ 
aged killer activity. cone aN 
We present data from three types of cloned cytotoxic T cells. 
First, we show results from a number of cytotoxic lymphocyte 
(CTL) clones derived from female C57BL/6 (B6) mice with 
specificity for male B6 target cells carrying the H-Y antigen. 
These clones were obtained by standard procedures** (see Fig. 
1 legend) and maintained in the presence of irradiated spleen 
cells from male B6 mice (stimulator cells) and the supernatant 
from cells stimulated with concanavalin A (Con A-SN). After — 
loss of H-Y specific cytotoxic activity, maintenance in Con A-SN ~ 
without stimulator cells is usually sufficient. Second, we show 
data obtained with CTL clones with specificity for trinitrophenyl —— 
(TNP) modified syngeneic target cells. These clones are derived. 
from B6 spleen cells undergoing a primary response in vitro to 
trinitrophenylated syngeneic cells. After three successive re- 
stimulations in the presence of Con A-SN the cells were cloned = 
and maintained in the same way as the B6 anti-H-Y clones, 
Third, we present experiments with a murine T-cell line (clone 
96) obtained in 1980 and kindly given to us by Dr P. Krammer; 
German Cancer Research Centre, Heidelberg. This cell line, of a 
unknown origin, has never been known to possess any antigen-. © 
specific cytotoxic activity and is used as an indicator for inter- 
leukin-2 (IL-2) activity. All the CTL clones desgri¥ ar 
positive for Thy 1 and Lyt 2 antigens. z 
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Fig. 1 Cloned CTLs lose their 
original specific cytotoxic activity 
against H-Y and acquire P815- 
specific cytotoxicity. a, Specificities 
and cytotoxic activities of an anti- 

H-Y T-cell line and two recently 

derived anti-H-Y T-cell clones. b, 

Comparison between the specificities 

of a two-month-old H-Y specific T- 

cell clone (2D10.2) and four aged 

(6-8 months) H-Y specific T-cell 

clones (2A5, 2C5, 1E3, 3E6). 

.. Methods: For the establishment of 
. long-term H-Y specific T-cell lines 
2.5X10’ spleen cells from female 

C57BL/6 mice (B6), previously 
primed to male B6 cells by i.p. injec- 
tion of 3x 107 B6 spleen cells, were 

~~ Cultivated in vitro in 50 ml tissue cul- . 
ture flasks (Nunc. 163371) and res- 0 
timulated at weekly intervals with 
2.510" irradiated male B6 stimu- 
‘lator cells in RPMI 1640 medium 
supplemented with 10%. fetal calf 
serum, 10°°M 2-mercaptoethanol, 
2.5mM HEPES, 2mM glutamine, 
Kanamycin (100pgml’ and 
tyrosine (10 ug ml™ in a 5% CO, 
atmosphere. After 6 weeks the anti- 
H-Y specific T-cell line was main- 
tained and expanded in 50 ml tissue 
culture flasks on antigen in super- 
natant from rat spleen cells sensitized 
with 5 pg mi”? concanavalin A in 
medium for 24 h (Con A-SN)). H-Y 
specific CTL clones were obtained 
using limiting dilution procedures. 
Responder cells were seeded from 
long-term cultures at 10~-0,3 cells per 
well and expanded on 5 x 10° irradi- 
ated male B6 stimulator cells in Con 

A-SN in round-bottom microtitre 
plates (Nunc, 1-63320). After 2-3 
weeks cytotoxic activity was tested in 
individual wells on *'Cr-labelled 
Con A stimulated male B6 spleen 
cells and the positive lines were 
picked and expanded on antigen in 
the presence. of Con A-SN in a 
volume of 2 ml in macrotitre plates 
(Linbro, 1624 TC) and subsequently 
in 50 mil tissue culture flasks under 
similar conditions. CTL lines 3E6 
and E1 were recloned twice on anti- 
gen and Con A-SN at dilutions of 0,3 
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cells per well under similar conditions. Lymphocytes were assayed in a 4h 5'Cy-release cytotoxic assay at various effector to target cell ratios 
for their ability to lyse various target cells. Effector cells in 0.1 ml of culture medium (RPMI 1640, supplemented with 10% fetal calf serum and 
0:5 mM HEPES) were added to 2x 10° *'Cr-labelled Con A stimulated spleen cells of male or female B6 mice. or to *'Cr-labelled tumour 
-= targets P815 (H-2°) and YAC (H-2°). To test for lectin-mediated lympholysis, effector cells and *1Cr-labelled P815 target cells were incubated 
<: inthe presence of PHA (Gibco, 670/0576, 4% of stock solution), After incubation for 4 h at 37°C the plates were centrifuged at 1,000 r.p.m. 
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-Y CTL clones. The data show that i 





~ for male B6 target cells. Whereas only marginal cytotoxicity is 
_ observed on P815 cells, strong lectin (phytohaemagglutinin, 





seriods. - = 


'L usually maintain their original activity for 


__ Figure 1a shows the cytotoxic activity and specificity of an 
~ uncloned anti-H-Y T-cell line and two recently derived anti-H- 
ytotoxicity is largely specific 


HA) facilitated lysis of this target is seen. Cytolytic activity on 







and often somewhat depressed by the addition of PHA. The ~ 


for 10 min and 0.1 ml supernatant was removed for counting. Percent specific lysis was calculated as 100 x (experimental-low control)/ (acid 
lysis-low control). Each effector cell concentration was tested in triplicate. Non tumour cell targets (B6, B10.D2, DBA/2, AKR) were Con A 
blasts. All targets were tested at all effector to target (E:T) ratios, negative lysis is indicated for highest E:T ratio only. 


The data in Fig. 15 demonstrate aged killer (AK) activity for 


_ P815 of four B6 anti-H-Y clones after more than 7 months of 


in vitro culture. For comparison, one recently derived Bó anti- 
H-Y clone (2D10.2) was included in the experiment. Whereas 


clone 2D10.2 shows H-Y specific killing and lectin facilitated 


kill on P815 but no AK activity, all aged clones kill P815 cells 
without any remaining activity for B6 male target cells. The 
total loss of specific cytotoxicity in AK cells was further demon- 
strated in cold target inhibiti 
but not B6 male target cells were active as inhibitors (data not 


shown). The data show also that AK activity is rarely enhanced 
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Fig. 2 Cytotoxic activity of the TNP-specific, H-2” restricted B6-CTL clone BT7.2 4.5 months after induction and 3 months after subcloning. = = 
Ficoll-purified cloned cells were seeded in limiting dilution (24 wells per group) on 5 x 10° irradiated B6-TNP spleen cells and T-cell growth = 
factor (TCGF) in 10% FCS containing RPMI-medium in round-bottom microtitre culture plates. On day 6, cultures were split and assayed = 
in parallel on *'Cr-labelled P815 and RBL5-TNP target cells (2x 10° per well). Cultures were considered positive when lysis exceeded the 
mean plus 3 standard deviations of 24 control wells containing all ingredients except clone BT7.2.cells. The left panel shows the fraction of = < — 
negative wells per group versus the number of BT7.2 cells per well. Frequency determinations were done by minimal +” method. The right) 
panel represents chromium release in individual wells on the two respective targets and includes only those wells with positive kill on at least — ae 
one of the two targets. Dotted lines indicate the mean chromium release of the control groups plus 3 standard deviations. Rear 
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Fig.3 Blocking of cytotoxicity of aged kil- 
ler cells by monoclonal anti-Lyt 1,anti-Lyt 
2 and anti-Thy 1.2 antibodies. Aliquots of — 
1.210° cloned T cells of lines 2C5 and 
3E6 were preincubated for 30 min at room 
temperature with 100 pl supernatant fluids 
from rat hybridoma cell lines producing oS 
‘monoclonal antibodies directed againstnon- 
polymorphic determinants of Lyt 1(53-7.3) 
or Lyt 2 (56-6.7) or with 100 plascitesfluid 
(dilution 1:200) containing monoclonal 
anti-Thy 1.2 antibodies (Code 5B5 Olac). _ 
Cell suspensions were then diluted and 
assayed in a short-term *'Cr-release’ 
= cytotoxicity assay at various effector to 
target cell ratios for their ability to lyse P815- 
tumour target cells.in the absence (left) or 
presence (right) of PHA. Experimental con- 
_ ditions as well as calculation for per cen 
specific lysis were as described in. Fi 
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Similar observations were made with aged B6 anti-B6-1 iP 
=~ Clones. Specific cytotoxicity for TNP-coupled syngeneic cells 


specificity of AK activity and its distinctness from NK activity 
is shown by the failure to lyse eight other target cells, including 
the NK sensitive targets YAC and EL4. Note that the failure 
of aged CTL clones to lyse H-2° targets shows that AK activity 


-is not caused by the frequently observed cross-reactivity of 
-anti-H-Y clones with H-2D* (refs 6, 7). It was also established, 
of’ 





st-labelling procedures (data not shown), that the release 


and not due to cytolymic effects®. 


‘Cr from P815 target cells was accompanied by cell death | 








cells to be 3 times greater than that of cells killing T 


_ both killing activities are highly correlated, strongly sug 


and PHA facilitated kill on P815 was observed in recently 
derived clones, whereas AK activity was observed sev 
months later, usually before the clones had lost their origi 
specific cytotoxicity. For example, clone BT7.2 had bo 
activities after 4 months of culture. The experiment in F 
was performed to see whether both cytotoxicities are mut 
exclusive or can be expressed by the same cell. Limiting dilu 
analysis of clone BT7.2 revealed the frequency of P815 kill 
‘tot NP cou 
geneic cells. However, the results of split cultures shov 
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Fig.4 Limiting dilution analysis of cells killing P815 (H-2°), EL4 
(H-2"), and L929 (H~2*) target cells in clone 96. Clone 96 cells 
were cultured (24 wells per cell) in 20% Con A-SN in the presence 
of 10° irradiated strain AKR (H-2*) spleen cells for 7 days. 
Thereafter cultures were assayed for cytotoxicity as described in 
Fig. 1. Cultures were considered positive when lysis exceeded the 
mean plus 3 standard deviations of 24 control wells containing all 
ingredients except clone 96 cells. Frequency determination accord- 
ing to minimal y^ method. Insert: bulk culture cytotoxicity of clone 
96 for various targets. 


that most cells express both activities at the same time. This 
suggests cells gradually change from specific cytotoxicity to AK 
activity. 

Inhibition of cytotoxicity by anti-Lyt 2 antibody is characteris- 
tic for many but not all CTL”? although the molecular basis 
for this inhibition is still unknown. Typical NK cells and Con 
A activated large granular lymphocytes with multiple 
specificities are not inhibited by anti-Lyt 2 antibody”, The 
data in Fig. 3 show that AK activity is readily and specifically 
inhibited with monoclonal anti-Lyt 2 antibody, and that inhibi- 
tion can be abrogated by addition of PHA. This important 

_ Similarity between specific cytotoxicity and AK activity suggests 
that the latter involves a specific recognition process similar to 
that of antigen recognition. 

_ In studies with long-term tissue culture lines, particularly if 

_ they dramatically change their properties, the possibility of 
.ccidental contamination with other cell lines has to be con- 
ered. We have examined the possibility of contamination by 
imiting dilution and cloning experiments and have found that 
tactically every cell in our aged CTL clones possesses AK 
ctivity. A limiting dilution experiment (Fig. 4) shows that the 
frequency of cells with cytotoxic activity for P815 in clone 96 
is 1/1.7. The frequencies of specific CTL in recently derived 
CTL clones, determined by similar methods, are rarely greater 
than 1/10 (M.M.S. and K.E., unpublished data). In a cloning 
experiment, more than 90% of 110 subclones of clone 96 had 
ible P815 cytotoxicity suggesting that clone 96 is 
ogeneous with respect to AK activity (data not shown). We 
also considered the possibility that AK activity is the result 
me infection, possibly with mycoplasma in our long-term 
re lines. This is unlikely because, on the one hand, 
has not been found in our cell lines and, on the 
at ines, including tumour cells and helper 
are kept in our laboratory under conditions similar 
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to that used to culture CTL clones and none of these lines show 
AK activity. 

Taken together, we think that the acquisition of AK activity 
by aged CTL clones is a frequent phenomenon that occurs 
independent of the original antigen specificity for which clone 
were selected. It appears to be a gradual change within eac 
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cell so that both cytotoxic activities may transiently be expressed“ 


at the same time. We consider these results of significance for 


several reasons. First, a fair proportion of our knowledge of . 


murine cytotoxic T cells comes from experiments in which CTL 
from B6 mice with specificity for H-2° alloantigens are assayed 
on P815 (H-2°) cells. In the future, when long-term in vitro 
cultured CTL are used, H-2" specific cytotoxicity must be distin- 
guished from AK activity. Second, since AK activity seems to 
involve partially the same molecular apparatus as specific 
cytotoxicity its study may furnish some insight into the mechan- 
isms of specific cytotoxicity. 
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Evolution of a trypanosome surface 
antigen gene repertoire linked 
to non-duplicative gene activation 
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African trypanosomes activate, one at a time, a large set of 
genes coding for different variant-specific surface antigens 
(VSAs). These genes have been classed into two groups. In the 
first group a permanently silent basic gene copy is duplicated 
and the expression-linked copy (ELC) transposed to an 
expression site located at a chromosome end’, The process is 
a gene conversion which changes a variable stretch of the 
preceding ELC’. Genes belonging to the second group do not 
give rise to an additional copy when expressed by a still unknown 
mechanism*°. We report here that the gene for antigenic type 
AnTat 1.6 is located in a telomeric DNA region and is expressed 
without being duplicated. In clone AnTat 1.6 and the ensuing 
ones, the ELC of the preceding VSA (AnTat 1.3) is conserved, 
but in a inactive conformation. Moreover, the AnTat 1.6 gene 
is lost from the genome of the AnTat 1.6-derived variants, in 
which the duplication-linked mechanism of gene activation 
occurs: the gene appears to be replaced by the incoming ELC. 
These observations show that a trypanosome surface antiger 
repertoire may evolve by loss and gain of VSA genes, depending 
ymbinational mechanisms 
involved in antigenic variation. — = | n 

All the VSA genes studied so far in the AnTAR 1 repertoire 
of Trypanosoma brucei brucei (stock EATRO 1125) are acti- 
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vated by the duplicative transposition process: these genes are 
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Fig. 1 Restriction maps of the telomeres containing the AnTat 1.1, 1.3, 1.3 C, 1.18 BCs and ELCs, as well as the AnTat 1.6 gene. The bars - 

under the BC maps represent the known extent of the transposed sequences, with uncertainties at both ends. The sequences corresponding 
to the known cDNAs are represented by boxes, with the fragments used as probes indicated by arrows. An abridged pedigree of the clones us 
is shown on the left: starting from the EATRO 1125 stock, VATs were successively isolated by immunological selection and cloning”. aw, 


switch of antigenic type; ~^ cloning; abbreviations: B, Bgll; Ba, BamHI; Bg, BglII; C, Clal; E, EcoRI; H, Hindlll; Hi, Hinfl; K, Kpn; <: e 
M, MspI; P, Psti; Pv, Poull; S, Sall; Sa, Sau3A; Sa961, Sau961; Sp, Sphi; Ss, Sstl; T, Tag]. es 


those determining the antigenic types AnTat 1.1 and 1.8 (ref. 
2), 1.3 (ref. 7), 1.13 (ref. 8) and 1.30 (our unpublished results). 
The gene corresponding to the VAT AnTat 1.3, a protein which 
always appears early in a chronic infection, is remarkable in 
that its basic copy (BC) is located in a telomeric DNA region 
which, from restriction mapping, appears almost identical to the 
expression site’. This peculiarity prompted us to speculate that 
such ‘telomeric’ VSA genes could possibly be exchanged with 
the corresponding sequence in the expression site by a reciprocal 
crossing-over; provided that the cross-over point occurs 
between the gene and the putative upstream promoter region, 
the gene would be activated without giving rise to an additional 
*& copy and a single promoter could account for the activation 
“of all the VSA genes’. This model? is supported by the obser- 
vation that the VSA genes expressed without an ELC are 
telomeric", 

The model implies that the ELC of the gene expressed before 
the crossing-over will stay as a new silent member of a multigene 
family. Most of the VSA genes examined so far belong to such 
multigene families™’?=?. Conversely, it can be predicted that 
the gene which has been activated by the reciprocal telomeric 
recombination will be lost if the following antigenic switch is 
achieved by gene conversion. We therefore investigated whether 

such loss and gain of VSA genes accompanied antigenic variation 
-dn the following sequence of cloned populations: 





AntTat 1.1 -> AnTat 1.3-—> AnTat 1.6— AnTat 1.3C 
AnTat 1.18 


=- Poly(A)" RNAs were isolated from these clones and used as 
templates for the synthesis of double-stranded complementary 
DNAs (ds cDNAs) which were cloned in the plasmid pBR322 

by the standard procedure”’*. AnTat 1.3, 1.6 and 1.18 specific 

¿= sequences were selected by double screening’? and their specific- 
-ity was checked by hybridization to Northern blots of poly(A)* 
RNAs from various clones. The cloned sequences were then 
used as **P-labelled probes to analyse the corresponding genes 
by hybridization with Southern blots'* of genomic DNA digests 
from the various trypanosome clones. F 
= — An analysis of the AnTat 1.3 gene has been reported pre- 
viously’; Fig. 1 presents an updated restriction map of this gene 





and its environment. That the AnTat 1.3 gene is activated by = 
duplicative transposition is confirmed here by the presence of  _ 
an additional copy of the gene in the AnTat 1.3 clone aso- 
compared with the preceding AnTat 1.1 clone (Fig. 2). Surpris- 
ingly, we observed that this ELC, present in a 14.9 kilobase 
(kb) SphI fragment (Fig. 2), is conserved in the ensuing AnTat — 
1.6, 1.3C and 1.18 clones. Since this copy is the one transcribed 
in the AnTat 1.3 genome’, we investigated whether it could still 
be active in the following AnTat 1.6 variant. Therefore, AnTat _ 
1.3 and 1.6 nuclei were submitted to a mild DNase I hydrolysis, 
to probe the chromatin conformation around the AnTat . 
1.3 ELC sequence in both variants; actively transcribed DNA 
is indeed more sensitive to DNase I attack than inactive DNA” cee 
Figure 2 (SphI digest) suggests that the AnTat 1.3 ELC staying 
in AnTat 1.6 DNA (ex-ELC) has lost much of its DNasel _ 
sensitivity, suggesting that it is no longer transcribed. On the _ 
other hand, a new additional copy was revealed in the second 
AnTat 1.3 expressor clone (AnTat 1.3C): this new ELC (ina 
28-kb Sph] fragment, Fig. 2) seems to be the one transcribed, 
as indicated by its high DNase I sensitivity (Fig. 2). Bee 

The restriction map of the AnTat 1.6 gene and adjacent DNA __ 
collected using AnTat 1.6 cDNA gene probes, is also presented 
in Fig. 1. Like the AnTat 1.3 gene’, the 1.6 gene is telomeric, 
as indicated by its susceptibility to exonuclease Bal31 digestio 
(Fig. 3) and by the apparent clustering of all restriction sites a 
the 3’ end. However, it is not duplicated when expressed: n 
additional copy has ever been found, as shown in Fig. 3 afte 
Bglll~EcoRI digestion and in other digests (results not shown 
Moreover, as shown by DNase I sensitivity tests (Fig. 3) bot 
the 1,200-base pair (bp) BglII~EcoRI fragment and the EcoRI 
4.4-kb telomeric fragments, which restriction analyses indicate - 
as Clearly derived from the AnTat 1.6 gene, are in an inactive _ 
chromatin conformation in the AnTat 1.3 clone but appear. 
DNase I hypersensitive in AnTat 1.6 nuclei. We conclude that | 
the same sequence which is silent in clone AnTat 1.3, is activated 
in the AnTat 1.6 genome without being duplicated. In contrast — 
with the AnTat 1.3 ELC, the AnTat 1.6 gene is lost in the 
ensuing variants AnTat 1.3C and AnTat 1.18 (Fig. 3: Bgl- 
EcoRI digests). oS 

These observations can be easily explained if we suppose that, 
in the AnTat 1.6 genome, the telomere harbouring the AnTat | 
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- Fig.2 Fate of the AnTat 1.3 ELC in different clones. The first panel shows the SphI fragments in AnTat 1.1, 1.3, 1.6, 1.3C and 1.18 genomic 
DNAs, in tracks 1 to 5 respectively. The genomic DNAs were extracted from the different trypanosome clones as described previously’, 
digested by restriction endonuclease, electrophoresed on 0.85% agarose gels, transferred to nitrocellulose and hybridized with *?P-labelled 
Psti-SphI fragment of AnTat 1.3 cDNA (see map below). The three other panels show the AnTat 1.3 gene sensitivity to DNase I digestion in 
nuclei from clones AnTat 1.3, 1.6 and 1.3C respectively. The nuclei, prepared according to Pays et al.?!, were digested by DNase I for 0, 
7.5, 15, 30, 60, 120, 240, 360, 480 and 600s for AnTat 1.3 and 1.6, and for 0, 10, 20, 30 and 240 s for AnTat 1.3C. The DNA was extracted 

and analysed as indicated above. Arrows point to the sequences preferentially digested by DNase I. s 





DNaset + ( E + Bg) BAL31 + (E+Bg) 
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Fig.3 Analysis of the AnTat 1.6 gene in different trypanosome clones. The first panel shows the AnTat 1.6-specific EcoRI~Bgill fragments 
in AnTat 1.1, 1.3, 1.6, 1.3C and 1.18 genomic DNAs, respectively in tracks 1-5. Method as for Fig. 2, but the blots were hybridized with an 
AnTat 1.6 probe (see restriction map in this figure). The two next panels show the AnTat 1.6 gene sensitivity to DNase I digestion in AnTat 
1.3 and 1.6 nuclei. The assays were carried out as described in Fig. 2 legend, but the final digestion was by EcoRI-Bglll, and the probe was 
from AnTat 1.6. Arrows point to the sequences preferentially sensitive to DNase I, namely, the 1.2-kb internal fragment of the gene and the 
3° end of the AnTat 1.6 telomere. The last panel shows that the AnTat 1.6 gene is telomeric: a Bal31 exonuclease digest has been performed 
on AnTat 1.6 genomic DNA for 0, 5, 10, 15, 20, 30 and 45 min from left to right, as previously described’. The DNA was then hydrolysed 
by EcoRI and Belli and hybridized with the AnTat 1.6 probe. eo 
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1.3 ELC has been exchanged by reciprocal recombination with 
_ the telomere containing the AnTat 1.6 gene. Indeed, provided 
- the crossing-over occurs between the ELC and the transcription 
_ ‘promoter, such rearrangement would activate the AnTat 1.6 
-~ gene while turning off the AnTat 1.3 ELC: the latter will then 
appear as a new member of the nascent AnTat 1.3 gene family, 
"whereas the AnTat 1.6 gene will be chased from the next variant 
genome and replaced by the following ELC. This hypothesis is 
strongly supported by the following observation. The telomeres 
harbouring the AnTat 1.3C and 1.18 ELCs, two variants derived 
from AnTat 1.6, have restriction maps similar, perhaps identical, 
to the telomere containing the AnTat 1.6 gene, taking into 
account that, with the available probes, all the restriction sites 
could not be mapped in each case (Fig. 1). This suggests that 
the AnTat 1.6 gene has been converted by the AnTat 1.3C or 
1.18 BCs within its own telomere. Like the expression site 
described so far for several variants’, the telomere harbouring 
the AnTat 1.6 gene can be a target for gene conversion. 
Apparently, only ‘activated’ telomeric sequences become a 
target for gene conversion, at least at the frequency generally 
observed for antigenic-type switching. Reciprocal recombina- 
tion has also been proposed as the most probable mechanism 
for the activation of the AnTat 1.1C gene'® 
Two other models could account for the non-duplicative 


: “activation of the AnTat 1.6 gene: (1) a transcription promoter 


upstream from the gene has been activated in the AnTat 1.6 
clone, while the previously active AnTat 1.3 promoter has been 
simultaneously silenced; (2) a mobile promoter has been trans- 
posed from the telomere containing the AnTat 1.3 ELC to that 
containing the AnTat 1.6 gene. Although neither of these two 
hypotheses can presently be ruled out, we favour the straightfor- 
wardness of the telomere exchange model. 

Whatever the AnTat 1.6 gene activation mechanism may be, 
it clearly leads to the appearance of a new AnTat 1.3 related 
sequence in the genome of AnTat 1.6 and of the ensuing variants. 
-: This sequence is the previously expressed AnTat 1.3 ELC, which 
is conserved in the next clones in an inactive chromatin confor- 
mation. From the AnTat 1.6 clone onwards, the AnTat 1.3 
sequences thus belong to a multigene family. This family is 
increased by one additional member in the AnTat 1.3 clone 
derived from AnTat 1.6 (namely AnTat 1.3C), Alternation of 
duplicative transposition and nonduplicative activation can thus 
clearly lead to the generation and development of antigen gene 


we families. As different members of the same family may diverge | 


in such a way that different antigenic types will be expressed, 
as shown for instance in the case of AnTat 1.104, this alter- 
nation must actively participate in the evolution of antigen 
repertoires. 

In contrast with AnTat 1.3 gene addition, the AnTat 1.6 gene 
is lost from the ensuing variants, for instance AnTat 1.3C, 1.18 
and also 1.16 (results not shown for the latter). This has been 
confirmed by serological examination: no AnTat 1.6 clone could 
be picked up from AnTat 1.6 derived clones (N. Van M., 
unpublished data). 

AnTat 1. 6i is one of the major metacyclic VATs of the AnTAR 
I repertoiret". It amounts to a fairly constant proportion 
(6-8%) of the metacyclic „population, regardless of the VAT 
ingested by the tsetse fly’’. The alterations of the VSA gene 
repertoire observed after AnTat 1.6 gene activation should thus 
occur frequently during cyclical transmission through the vector. 
In fact, we noticed that the cyclical transmission of an AnTat 
1.1 expressor clone (AnTat 1.1D) through the fly leads to the 
loss of the AnTat 1.6 gene in the AnTat 1.1E clone (not shown); 
presumably the AnTat 1.1E clone was derived from an AnTat 
1.6 metacyclic trypanosome. 

We thank D. Franckx for preparation of the figures. This 
investigation received support from the Fonds de la Recherche 
Scientifique Médicale (FRSM, Brussels), the ILRAD/ Belgian 
Research Centres Agreement for Collaborative Research 
(Nairobi) and the trypanosomiases component 


and Training in Tropical Diseases (Geneva). 
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The activation of some subsets of T cells requires the recognition Ae 
of antigen in association with self la determinants’. It is not _ 
clear, however, whether this is also necessary for the induction _ 
of unresponsiveness and the active suppression of hapten- _ 
specific T cells. We have studied the regulation of the delayed- a 
type hypersensitivity (DTH) response in mice. Subcutaneous 
(s.c.) injection of haptenated syngeneic cells primarily activates _ 
T helper cells, while intravenous (i.v.) injection results in unre- 
sponsiveness and the activation of T suppressor cells’. Presenta- _ 
tion of antigen by an I-A -positive antigen-presenting cell (APC) | 
seems to be critical for T helper cell activation’. We now show 


that the activation of first-order T suppressor cells requires the 


presentation of hapten on an I—J-positive APC. However, iv. _ 
injection of I-J-depleted haptenated cells also results in hapten- _ 
specific unresponsiveness. This non-transferable T-cell toler- 
ance requires the presence of an I-A-positive APC an 








of antigen presentation and administration are required for : 
immunity, suppression and non-transferable tolerance. í 
We have previously demonstrated that presentation of antigen 
by a cyclophosphamide-sensitive I-J-positive APC is required _ 
for activation of third-order azobenzenearsonate(ABA)-in- 
duced T suppressor cells (Ts3)°. This APC may also be significant 
in the activation of T suppressor cells specific for other antigens 
in systems where I-J-restricted antigen presentation has been 
demonstrated®*. Table 1a shows data indicating that the I-J 
APC is also essential for first-order T suppressor cell (Ts1) 
activation. Mice injected i.v. with ABA-coupled syngene 
spleen cells produce afferently acting Ts1 factor (TsF,) whi 













ABA-specific transferable suppression. One might oe ad: 
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= Table1 Presentation of hapten by I-J APC is required for Ts1 induction but not for induction of non-transferable unresponsiveness 


a Subcutaneous injection Factor generated by 

(immunogen) i.v. administration of DTH 
(1) ABA-C3H — 25.5+1.3 
(2) ABA-C3H ABA-C3H 10.3+2.1 
(3) ABA-C3H (Anti-I-J* +C)ABA-C3H 33.0+6.0 
(4) mme e 11.5+2.0 

Intravenous administration 

b Immunogen (tolerogen) 
(1) ABA-C3H © — 19.2+1.0 me. 
(2) (Anti-I-J*+C’) ABA-C3H m 23.74 1.7 NS 
(3) m (Anti-I~J* + C’)-ABA-C3H 9.52.8 <0,05 
(4) mamen — 8.91.3 <0.05 
c Immunogen Tolerogen 
(1) ABA-C3H — 15.5+3.0 i — 
(2) ABA-C3H  ABA-C3H 7.0+0.9 <0.05 
(3) ABA-C3H (Anti-I-J* +C’)ABA-C3H 6.8+0.9 <0.05 
(4) — — 4,841.4 <0.05 





C3H/HeJ mice were immunized by s.c. injection of 3x 10’ ABA-coupled syngeneic spleen cells. In the experiment described in a, mice then 
received i.v. injection of factor on days 0-4. Factor was generated from spleen cell freeze-thaw extracts of mice which had received an i.v. injection 
of either 3x 107 ABA-coupled syngeneic spleen cells (group 2) or 3X 10’ ABA-coupled syngeneic spleen cells wherein the cells had been treated 


with a monoclonal anti-I-J 


antibody (WF8.C12.8, given by Dr C. Waltenbaugh) and rabbit complement, C’ (Pel Freeze; Rogers AR) (group 3). 


In b and c, mice received 3x10’ ABA-coupled cells subcutaneously and/or intravenously on day 0. In groups 2 and 3 of experiment b and in 
group 3 of experiment c, spleen cells were treated with monoclonal anti-I-J* antibody and C’ before ABA coupling. In all experiments, mice were 
challenged with 30 yl of activated ABA solution in the left hind footpad on day 5; 24 h later, swelling was compared with the right unchallenged 
footpad. The data thus generated were analysed by Student’s t-test. NS, not significant. The swelling induced in ABA immune mice has previously 


been shown’® to be due to a hapten-specific DTH response. 


that without the ability to activate suppressor cells, iv. 
administration of I-J-depleted APC would result in im- 
munization of the animal, but this does not seem to be the case 
(Table 1b). ABA immune mice which receive i.v. injections of 
ABA coupled to I-J-negative cells, are rendered unresponsive 
to the hapten (Table ic). Hence, while I-J-restricted presenta- 
tion of antigen is required for T suppressor cell activation, in 
the absence of this I-J signal, non-transferable hapten-specific 
immunoregulatory events occur. This tolerance mechanism is 
resistant to treatment with low doses of cyclophosphamide, 
which is known to interfere with T suppressor cell activation 
(data not shown). 

‘We investigated whether presentation of antigen in the con- 

text of self determinants was required for non-transferable 
tolerance. (CS7BL/6X A/J)F; mice were immunized by s.c. 
administration of ABA-coupled A/J cells and simultaneously 
_ made tolerant: by i.v. injection of I-J-depleted ABA-coupled 
C57BL/6 cells. As shown in Table 2, when the parental 
C haplotypes of the priming and tolerizing cells differ throughout 
the entire H-2 region, animals are not rendered tolerant to the 
antigen. If I~J-positive cells are not depleted from the tolerizing 
. cells, T suppressor cells are activated (Table 2, group 2). This 
implies that genetically restricted antigen presentation is 





oats 2 Presentation of hapten for induction of non-transferable 
eine -immunological tolerance is genetically restricted 


Aenambgen. Probe 


fc i Tolerogen DTH 

a “0: 'ABA-A/J oes 23.5+1.2 = 

“> (2) ABA-A/J ABA-C57BL/6 11.542.5 P<0.005 

3). ABA-A/J- (Anti-I-J°+C’) 

poo A BA-CS7BL/6 2341.2 NS 
(4) — — 5.8+1.1 P<0.001 





oa The protocol i is identical to that described in Table 1 with the following 
modifications: {C57BL/ 6xA/J)F, mice were used; mice received 
} ied, irradiated {1,500 R) A/J or C57BL/6 cells; and mono- 

: ydy {WF 9.40.5, given by Dr C. Waltenbaugh), 


: AAEN nO 
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required for antigen-specific immunological unresponsiveness 
in the absence of T suppressor cell activation. 

To study the genetic restrictions involved in tolerance induc- 
tion in the absence of active suppression, we used APCs from 
cyclophosphamide-treated mice. We have shown previously that 
these mice are unable to donate APCs required for T suppressor 
cell induction’ although they can nonetheless be rendered 
tolerant in the presence of low doses of cyclophosphamide (data 
not shown). Our results (Table 3} demonstrate that (BALB/c x 
A/J)F, mice immunized with X-ray-irradiated ABA-B10.A 
(K* I~A* I-J* I-E* I-C4 D*) spleen cells could be rendered 
tolerant by i.v. administration of cells from cyclophosphamide- 
pretreated ABA-B10.A mice but not by similar administration 


of ABA-coupled cells from cyclophosphamide-pretreated i ' 
B10.D2 (K* I-A° I-J* I-E° I-C4 D*) mice. We further — 


mapped the genetic restriction of tolerance induction by using 
B6 hapten-coupled cells to tolerize (B6A)F,. recipients. As 
shown in Table 4, I~A-depleted cell populations are not effective 
tolerogens for ABA-specific immune responses, and also cannot 
prime for ABA-specific immune responses. Hence, mice can be 
tolerized only by hapten coupled to cells which share I~A 
determinants with the cells used for immunization. We have 
already demonstrated that I~-J-positive cells are not required 





Table 3 K and/or I-A or E region-restricted antigen presentation for 
the induction of tolerance 





Immunogen Tolerogen DTH Probe 
(1) ABA-BI0.A | — 28.5 2.5 — 
(2) ABA-B10.A Cyclophosphamide- 
pretreated 
ABA-~B10.A 8.020.9 P<90.001 
(3) ABA~B10.A Cyclophosphamide- 
pretreated | 
ABA-B10.D2 29.842.3 NS 


(4) = ae 8.5214 P<0.001 


The protocol i is identical to >that described i in Table 1 with the following 
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modifications: (BALB/c x A/J)F, mice were injected with irradiated E 


ABA-B10.A or ABA-B10.D2, and mice donating cells for tolerization 
were pretreated with cy 
Mead see 2 days before being killed. 








cyclophosphamide (20 mg per kg ii aa x ya 
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Table 4_I-A-depleted cells are deficient in ability to tolerize Toru cells 








Immunogen Tolerogen DTH F 
ABA-C57BL6 —- 36.5+2.9  <0.005 
ABA-C57BL6 (ABA-C57BL6) 6.8+0.9 NS 
ABA-~C57BL6 (Anti-I-A®, 

anti-I-J°+C’) 

ABA-CS7BL6  23.3+2.3 <0.005 


(4) (Anti-I-A®, 
anti-I~J°+C’') 
ABA-CS57BL6 = 6.8+1.8 NS 


(5) — maene 4814.5 ee 





The protocol is identical to that described in Table 2 with the following 
modifications: 1-A, I-J-depleted cells were treated with anti-I-A° anti- 
body (25-9-17S, from the American Type Culture Collection, Rockville, 
Maryland) and anti-I-J° antibody (WF 9.40.5) with complement sequen- 

tially. 


for tolerance induction (Table ic). Therefore, in order for 
hapten-specific T-cell tolerance to be induced, mice must be 
tolerized by hapten-coupled cells which share I-A determinants 
.., With the immunizing cells. We° and others’ have previously 
described similar genetically restricted events in the activation 
of T suppressor and T helper cells. I-J-restricted presentation 
is required for ABA-specific T suppressor cell activation, while 
I-A-restricted presentation is needed for T helper cell activa- 
tion. These results demonstrate that activation of non-transfer- 
able immune tolerance also requires genetically restricted anti- 
gen presentation. 

This work suggests different mechanisms for the induction of 
T- and B- cell tolerance. As B-cell receptors are able to perceive 
nominal antigen, not modified by self determinants, unrespon- 
siveness may be induced by free antigen’. In contrast, the 
I~A-restricted T helper cell receptor may require presentation 
of antigen in the context of self determinants for the induction 
of unresponsiveness''. This would be consistent with earlier 
work suggesting a difference between the requirements for T- 
and B-cell tolerance’? and with the suggestion that T-cell toler- 
ance to minor histocompatibility antigens may require antigen 
processing by an accessory cell’. Previous studies of T-cell 
tolerance to specific hapten have indicated that hapten coupled 
to cell membranes increases the efficiency of the tolerogenic 
signal'*}5, 

One might postulate from our data that T helper cells are 
only susceptible to the tolerogenic signal when they are activated 
to hapten plus syngeneic I-A. Presentation of antigen in the 
context of self I-A determinants is then required for these T 
helper cells to be rendered unresponsive. A possible explanation 
for this mechanism would be that the receptors of effector Tory 
cells, which we have previously shown to be I-A-restricted in 
their activation’®, are blocked by intravenously administered 
haptenated cells. | 

From these studies on the hapten-specific Lyt 1*-dependent 
DTH response to ABA, we have been able to demonstrate that 


distinct modes of antigen presentation and administration are 


required for immunity (s.c. administration of hapten plus I-A), 
suppression (hapten plus I-J) and non-transferable tolerance 
(i.v. administration of hapten plus I-A). It may be that antigen 
presentation by cells expressing different Ia antigens affects the 
immune response by leading to autoimmunity or im- 
munodeficiency. Hence, manipulation of differential antigen 
presentation may have clinical consequences. In fact, administra- 
tion of monoclonal anti-I-A antibodies to autoimmune mice 
decreases autoreactive events in these animals'’. This result 
would be expected if anti-I~A antibodies blocked presentation 
of self antigen to T helper cells and led to presentation to T 
suppressor cells by the I-J" APC. Such administration of anti- 


I-A antibodies does convert immunity to suppression’*"*, Pur- 


thermore, preliminary evidence from our laboratory (A.L. and 


M.I.G., manuscript in preparation) suggests that a primary effect 
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of in vivo anti-I-A administration may be at the APC 
we are able to distinguish between antigen presentation r 
isms for tolerance or suppression, we may be able to it 
the role of these mechanisms in the establishment of se 
ance and autoimmunity. E 
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splicing is inhibited (see Fig. 1 legend for method). Subsequently . 
the purified **P-labelled RNA was incubated in the whole cell _ 


extract in conditions which allow splicing. The RNA products 


of the reaction were analysed by a sensitive technique, described 


previously’, involving hybridization to the single-stranded M13 
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Fig. 1 <A purified exogenous substrate RNA is spliced in a whole 
cell extract. a, Structure of the adenovirus 2 (Ad2) Ball fragment 
E DNA template used for the synthesis of RNA precursor. (N, 
number of nucleotides.) The Ball E fragment contains 679 bp of 
5’ noncoding sequences, the major late promoter, the L1 (41N) 
exon, a 1,020—base pair (bp) intron, the L2 (72N) exon and 578 bp 
of the second intron. b, Structure of the M13 cDNA recombinant 
used to analyse the products of in vitro splicing. The EcoRI-Xhol 


~ fragment of pJAW 43 (ref. 13) was inserted between the EcoRI 


_ and Sall sites of M13 mp9. This fragment contained the PstI- 
EcoRI fragment of pBR322 and the first and second and part of 
the third leader (L1-2-3) of Ad2. ¢, Determination of nucleoside 





... triphosphate requirement for splicing. Gel-purified RNA precursor 


¿£ was incubated in splicing conditions in the presence of three of 
the four nucleoside triphosphates. Each splicing reaction contained 
50,000 c.p.m. RNA precursor per reaction, 28 mM KCl, 3.5 mM 
MgCl, 5 mM creatine phosphate, 4.8% glycerol, 5.6 mM HEPES, 
pH 7.6, 0.1 mM EDTA, 0.6 mM dithiothreitol and 7 pl extract in 
a total volume of 25 yl. Incubations were carried out at 30 °C for 
3h. The RNA products of the reaction were hybridized to the 
M13 DNA shown in b followed by digestion with pancreatic RNase. 
The protected RNA was recovered from the hybrid and analysed 
by electrophoresis on an 8% polyacrylamide/8 M urea gel. Lane 
1, a control in which all four nucleoside triphosphates, ATP, GTP, 
CTP and UTP, were present. Lanes 2-5 were reactions incubated 
in the same conditions, but without ATP (lane 2), GTP (lane 3), 
CTP (lane 4) and UTP (lane 5). Each nucleoside triphosphate was 
present in the reactions at a final concentration of 1 mM. d, Extract 
titration. Varying amounts of whole cell extract were added to 
splicing reactions at a final volume of 25 yl, followed by analysis 
of the RNA products as described in c. Lanes: 1, 0.5 pl; 2, 1.0 pl; 
3, 2.0 pl; 4, 4.0 ul; 5, 6.0 pl; and 6, 8.0 pi extract. RNA precursor 
was produced by transcription in vitro in a whole cell extract in 
the following conditions: 50% extract prepared as described pre- 
viously'*, 50 mM KCI, 10 mM HEPES pH 7,9, 6.25 mM MgCh, 
0.25mM EDTA, 1 mM dithiothreitol, 100 pM of ATP, CTP and 
GTP, 54M UTP including 1 mCi [a-**PJUTP, 5mM creatine 
phosphate and 25 ug mi~? DNA template (panel a). Transcription 
was carried out at 30°C for 2 h. The reaction was stopped by the 
addition of one volume of 300 mM NaCl, 100 mM Tris pH 7.9, 
10 mM EDTA, 2% SDS and proteinase K to a final concentration 
of 250 pg ml~?, followed by an additional incubation of 15 min at 
30 °C, The 1,800-nucleotide (N) RNA precursor was purified by 
elution from a 3.5% polyacrylamide/8 M urea gel for the experi- 
ment of c or by Sephadex G50-150 column chromatography for 
the experiment ‘of d. The protein concentration of the extract used 
for the experiment of d was ~20 mg ml™’. 


cDNA shown in Fig. 1b followed by RNase treatment and 
binding to nitrocellulose filters. Digestion of the RNA/DNA 
hybrids with pancreatic RNase yields three possible RNAs, L1 
(41 nucleotides) and L2 (72 nucleotides) leaders from unspliced 
substrate and L12 (113 nucleotides) spliced product. 

Both optimal conditions and cofactor requirements were 
determined for splicing of the exogenous RNA substrate. The 
critical components in the previously characterized coupled 
system were ATP, GTP, CTP, UTP, KCI, Mg** and creatine 
phosphate. Figure 1c shows an experiment in which each of the 
-four nucleoside triphosphates was omitted from the reaction. 
-o The result suggests that ATP is an essential cofactor for splicing 


- (lane 2c) and that none of the other nucleoside triphosphates 


can substitute for the ATP requirement. In the presence of 
ee creatine. phosphate (5 mM), the percentage of L12 RNA 
-> increased linearly with increasing ATP concentration (Fig. 2b). 
Tit ation of ATP in the absence of creatine phosphate resulted 





-ip no splicing activity at ATP concentrations below 5 mM. This 


Is probably due to the instability of ATP in a whole cell extract. 
. These extracts contain creatine phosphokinase which in the 
presence of creatine phosphate recharges nucleoside triphos- 
<- phates. Since the whole cell extract contains a free pool of 
approximately 1 pM nucleotides®, we cannot rule out the possi- 
< bility that a very small amount of a nucleotide other than ATP 
"is required. 

“e Figure 2 shows. titrations of Mg** and monovalent cation in 
= the presence: of 1mM ATP. The optimal Mg** concentration 
owas. approximately 1mM Mg**, while 5mM Mg’* totally 
<- inhibited the. reaction. The optimal concentration of K* was 
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found to be 28 mM, while higher or lower concentrations resul- 
ted in a linear decrease in splicing activity. Since only a small 
fraction of the RNA precursor was spliced in a typical reaction, 
it was interesting to test whether the level of substrate RNA 
saturated the reaction. This is unlikely since a constant percen- 
tage of the precursor was converted to spliced RNA, when the 
amount of added RNA precursor was varied over a 125-fold 
range (data not shown). Figure 1d shows an autoradiogram of 
a gel resolving the products of an extract titration. The reaction 
exhibited a nonlinear dependence on protein concentration with 
an optimum of about 5 mg extract protein ml ~+. This optimum 
may vary with different extracts as has been observed for tran- 
scription activity in whole cell extract’. 

In optimal conditions for the coupled transcription/ splicing 
reaction, only 4-5% of the precursor RNA was converted to 
spliced product. Titration of salt and cofactors in the uncoupled 
reaction has resulted in an increase in spliced RNA product. In 
the experiment shown in Fig. 2c, 13% conversion to spliced 
RNA was obtained. A summary of the titration results 5 Suggests 
that optimal conditions are: 28 mM KCI, 2.5 mM Meg**, 2 mM 
ATP, 5 mM creatine phosphate and 5 mg extract protein ml. 

We have previously reported that 3-h incubations were 
necessary for the synthesis of spliced RNA in a coupled reac- | 
tion’. A similar time course for splicing was observed with 
exogenously added RNA precursor (Fig. 2a). No detectable 
spliced RNA was produced during the first 45 min of incubation. 
The reaction rate increased markedly after a 60-min lag, then 
continued at this rate for an additional 30-60 min. The | 
maximum amount of spliced RNA was obtained after 180 min _ 























3 __ separable steps: endonucleolytic cleavage followed by ligation | 
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Fig. 2 Time course and cofactor requirements for splicing in vitro 
of an exogenous RNA precursor. a, Purified precursor RNA was 
incubated for various times in the whole cell extract in splicing 
conditions. The RNA products of the reaction were then analysed 
by hybridization to M13 pJAW 43 DNA followed by digestion 
with pancreatic RNase, as described in Fig. 1. The fraction of 
spliced RNA. was determined by densitometric tracing of the 
autoradiogram. The ATP dependence, b, the Mg** dependence, 
c and the KCI dependence, d, were determined in analogous 
experiments, RNA precursor synthesized as described in Fig. 1 
was purified by Sephadex G-50-150 chromatography to remove 
the nucleoside triphosphates. The splicing reactions were perform- 
ed as described in Fig. 1, except for the following modifications. 
For the experiment shown in a, each reaction contained a con- 
centration of Mg?* equal to the ATP concentration plus 0.5 mM. 
For the experiment of c, ATP was present at $ concentration of 
i mM. For the experiment of d, ATP and Mg*” were present at 
a concentration of 1 mM and 1.5 mM, respectively. 


of incubation. This level of spliced product remained stable for 
an additional 12-h incubation. The unusually long lag cannot 
reflect a slow ATP-independent step involving assembly of 
complexes which then rapidly utilize ATP to cleave and ligate 
RNA, because preincubation of labelled RNA and extract in 
the absence of ATP does not shorten the lag period between 
the addition of ATP and the appearance of spliced product. 
_ This suggests that the rate-limiting step, perhaps formation of 
a complex with substrate RNA, is ATP dependent. 

= Cofactor requirements for the splicing of mRNA precursors 


in an extract of HeLa cells are not similar to those of rRNA 


splicing which does not require ATP** but are similar to those 
for the splicing of tRNA precursors; both reactions require ATP 
and Mg2* (refs 8, 9). The two reactions differ in their Meg*" 
dependence, however; 10mM Mg*” is optimal for tRNA 
splicing? while mRNA precursor splicing is inhibited at con- 
centrations of Mg** above 5 mM. In addition, whereas other 
nucleoside triphosphates such as UTP, CTP and GTP are able 
to substitute for the ATP requirement in the tRNA splicing 
reaction”, these nucleoside triphosphates are not able to sub- 
stitute for the ATP requirement in the mRNA splicing reaction | 
(Fig. 1c). These differences may reflect the use of different _ 
_ enzymatic activities by the two types of RNA precursors. > 
The splicing of tRNA precursors occurs by two distinct and — 


——LETTERS TONATURE, 


protein, 















of the exons®®, Whereas the only cofactor required: 
cleavage reaction is Mg?*, both Mg*” and ATP are neces 
for the ligation reaction. It is unlikely that a similar divisio 
the mRNA splicing reaction is possible. At present, we 
not found that a significant fraction of the exogenously add 
mRNA precursor is cleaved when incubated in a reaction cc 
taining Mg?* but no ATP (S.F.H. and PJ.G., unpublish 
observations). Also, preincubation of RNA and extract in the 
absence of ATP does not result in the formation of complex 
that quickly process RNA upon addition of the cofactor. 

We have previously shown that addition of antisera that re: 
with the U1 small nuclear ribonucleoprotein particles (U1 RNP 
inhibited splicing in the coupled transcription/splicing system”. 
Similar experiments using exogenous substrate RNA also show: _ 
inhibition of splicing by addition of the same anti-U1 RNP sera. _ 
The pronounced lag before appearance of spliced product might _ 
reflect the slow assembly of an RNP-substrate complex in the _ 
reaction mix. Formation of an RNA/RNA duplex by sequences. — 
at the 5’ endof U1 RNA and the 5’ splice site has been suggested 
as an important step in recognition of the mRNA precursor??? 
However, there is no inherent reason why this type of recogni- 
tion should be slow given that the U1 RNA concentration in- 
the reaction is 5 pg ml. To 
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a-Lactalbumin (a-LA) is a milk protein that interacts with the 
enzyme galactosyltransferase, modifying its substrate specificity 


in a way which promotes the transfer of galactose to glucose, 
resulting in a S —1 -4 glycosidic linkage and the synthesis of 
lactose’?. Lysozyme, an enzyme which catalyses the hydrolysis 
of a B-1—4 glycosidic linkage in polysaccharides, has been 
shown to be structurally related to a-LA and it has been 
proposed that they have arisen from a common ancestral gene”. 
To compare their evolutionary relationships, we report here 
the complete nucleotide sequence of the rat a-LA gene, includ- 
ing its 5’-flanking sequences, and compare its gene structure 
with the chicken egg-white lysozyme gene“. Both genes contain. 
three introns at similar positions. The first three exons of the: 


_ two genes have similar nucleotide sequences. The fourth exon 


of a-LA, which partly codes for the C-terminal residues of the 
ssential for its interaction with galactosyltransferase”®, 


is markedly different from the corresponding exon of the 


_ lysozyme gene and is preceded by two (TG), repeats. 


378 
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Eon DE Ea 
1 GAATTËCCATTCCOTGTCCCAAACCTICCCAGTCCTAGGTAGGATATGAGAGATCCGCAGAGGCAACACA TTTGCTGAAT TTCTGAGCCCGAATCTCTTC 


101 CCATTCAGGAGTTTCTGTTC ATCCACCTTGGGTTTCCACA TCCTCCGCACGAGTTTCAGT CACACTGTGC TATACACTGG TTACCCTGAGCAGAGC GGGC 
hal 
201 GGGGTTAAAC AGAGAAGAGCGCCTTTGTCTCTGAAGACTT ACAGATAATAGCCAGTGGGAAGACTTCCAG TTTTTAAGTC TTAGGTGGCT TGGTTAGGAT 
Avasi i 
301 GGAGACCTCG: GGAGAAGTAAAAATCAGGCTTATGAAATGAGCATAGGTAG GTAGGAAGGC AAAGATGACC AAGACCACGA ATGTAGCGTT CCATGACAGC 





401 AAATTACAGTAATCACTTGG TACTAGTACCCAGCC TTGAC TTGCTTAGAGGAGATGACTG TAACAGTTTACCCACGACCC CTTTCCTGTC TUTGGCCAAC 


501 CTTGGGGCTA TCAAGAACTACTTATCCAAA AACAATGTTACTATGAAATT GCCTTGCATTGACACAATGT CTTAATAACA CCAAGAAGCA TCTCTGGCAG 
ae Hind fH 


601 TGGCGACTAG GCGCAGGGAGCTTGGCAATT TCTTATAGGACAGCTAGATATTTTACACACAAAGCTTTAC CATTATCC TATC TTCCTCCA TAGGAAGTCT 


Mie o aa v am a a n a y 


801 GAACTTTGTCCCATGGTTAGGTAGGCCAGACAAACGCCAT TGGTCCTAGGATATGATAAATCCCTTTCCACATTCTGTATGTGTTTCGGG GTAGGAATGG 
AA Fnu 441 
901 AGTTGGCTGT GGTCAACTGTGTTTICCAATCACCTCACTT GTGCTGTCCT GAAGCCTCCT TGTTCCTAAGGTTAGGGACA TCCTGCTTCC TAGAAGCAGC 


1001  CCTGAAAGAAACAAAGGTTT ei ace GAGAAGC TGGATCATTG TAGAACTATA TATA TGGGC AGAAAACAATACTTGGTATTGACTG GATATAGGAG 
VSS 


bp /cuqrenreptin shemrpin emecauntgerinastregtivies Nodasavegaandl 
$ Ae Aret Arne daa Pahr. a pa a ahe AA sii air ape: 





1101 GTOGGGAGOG TGGCAGGATG GAGGGAAGTTGGCAGGCTCG GCGTTTCTAT CTTGGCAGAAACTTCTCGTC ATCATCATCT TCCTAGAGAG AAGGCKTGGT 


. v y Ban Hi 
TAAATAAAA AGGTGA AGTGAGTGGGATCCACATTCAAGGTCTGGGAGCAGGCAAA ATG ATG CGT PPT GTT 
Fnu 4H1 -19 As 


MET MET Arg Phe Val 
1298 CCT CTG TTC CTA GCG TGT ATT TCG CTG CCT GCC TTT CAA GCC ACA GAG TTT ACA AAA TGT GAG GTG TCC CAC ccc 


Pro Leu Phe Leu Ala Cys Ile Ser Leu pi Ala Phe Gin Ei Thr Glu Phe Thr Lys Cys Glu Val Ser His Ala me 
1 § 10 


- t0 
1371 ATT GAA GAC ATG GAT GGC TAT CAA GGC ATC AGC FTG CTT SAA T GTAAGTTTACACTTACTTCCTT GACTTCCTCTCATTTICCCAAC 
ig Ile Glu Asp MET Asp Gly Tyr Gln Gly Ile Ser Leu Leu T 





: 1201 GCTAGESCCAGAGECOTTCT TC A 


15 20 Bal t. 
1467 TITCCCTCC TCCTCCTCCTCCTCCTCCTCCTCCTCCTCC TCCTCCTCCT cencerecre CTCCTCCTCC TCCGTGGCCA TAGCTCTTCTTGTICTOTCT T 
$ 


oreroraa T ee mamme ameamka mina aeae aian a mn TRIN IN nam a Sm, NNR “A a m A mi eaa 


1557 GATCTCTTCATTCAACAAGTTCTCCGCCCTTCCTGTTCTCCCATTGTTC TGGCCTTTCTCGACTTTCGA CCAAGATGCTTCTGGACTTTACCACCTTTGG 


1657 AGATTGGTTGGGAAGCCTCCCCCCTGCTC CAAATTAGTT TCTCAATTGTGCCTCTCTGA GACATCTCTG ATGAAAGTTC TICCTTCTGT CTCCCTCAG 
Fru 4H 
1755 GG ACC TGT GTT TTA TTC CAC ACC AGT GGC TAT GAC TCA CAA GCT ATC GTC AAG AAC AAT GGC AGC ACA GAG TAT 
7 rp Thr Cys Val ity Phe His Thr Ser pene Tyr Asp Ser Gln Ala Ile Val Lys Asn Asn Gly Ser Thr Giu Tyr 
40 Ava i 45 
1829 GGA CTC TTC CAG ATC AGT AAC AGA AAT "Gè TGC AAG AGT AGC GAG TTC CCC GAG TCA GAG AAC ATC TOT GAC ae 
j Gly Leu Phe Gln ile Ser Asn Arg Asn Tp Cys Lys Ser Ser Glu Phe Pro Glu Ser P Asn Ile Cys Asp oy 





65 
1904 TCC TGT GAC A GIGANTE IMEC ASCATO ER TRC ROERIRCCEAE ACCTGCCTCTGAGTCTTCCAAAGCAGGAGGAGTGCTGCCTACTOTGTG 
i Ser Cys Asp L 
Ava i 
2001 ACTTGAGATGGC GGTGCTTAGT AAGAAACTGGTCATGATCTCCGCATGACCC AGAGAGTCCC CTGAGGC TCGGGGAAGGGTAGTTCAAGACACTTGTGAG 
21 01 TCTTGAAGTCTGATACGCTGTA TTTTCAGGGT GTGATGAAGCTGTCGATTTCTTGAGAGGTGTCCTAGGGAAGGGGATGAAG TCCCCAGGAA AGGGAAGC 


2201 AT TACTAGATTGGCCATTTCAT ATAGAAAGTC TCTAGGCCAAGCCTTCAGC TCAGAACCAGTCCCCCTGACCGTGGGAGTAG TGGAGCCAGC CCGCTGAG 








2301. CTGTATTTCTTAGCTGTCTTGT TCCTTCCTACACTCCGCTAG AG TTC CTT GAT GAT GAG CTT GCG GAT GAC ATA GTA TGT GCC AAG 
* ys = Leu Asp Asp Glu Leu Ala Asp Asp Ile iets Cys Ala Lys 
86 Ahat 
2387 AAG ATC GTG GCT ATC AAA GGG ATC GAC TAC TG A NTE PE A as CGETAGCACTTCCCPTTCTA COCENTE 
i Lys Ile Val Ala Ile Lys Sly Ile Asp Tyr Tr 
95 
2476 TORC + GECGTCTCCAAAACAAAATCCATCTAGAGTCCGAAAGGTCTATATTTAAAATGCTCENCT GTGTCATTCT TETETGACAACTITCCCGAT} ACAGGA 


i 2576 re E TCTCTTTCCTGGGCCAGTTCTCAGCCTTGAAGCACTTGGTGTGGTTCCACATCTTTTOTAGATC TGCAA 
2676 CTTTATTGATTTTATCATTATTATTGTTTTGTTTTTTTAAAGAAGATTTTATTA ATTTATTGTACTATGTGCGTACACTGTCACTGTCTTGAGACACACC 


A : we AG en een TGTGGTTGCT GGGAGTTGAACCCCAGCACTTAACCACTGAGCCATCTCTCCAGCCC 





76 TeaAcrnbal a AGAAAATTCCAGCCAGTCCA TICGTTTTGT CCATTTCTCCGTGATCAG G AAG GCT CAC AAG CCC ATG TGC TCT GAG oie 
5 p Lys Ala His Lys Pro MET Cys Ser Glu- Lys 
o Hhai _Hpa fi ESO Ri 419 
o 9466 CTG GAA CAG TGG CGC CGC TGT GAG AAG CCG GGA GCT CCT GCC CTT GTT GTC CCT GCC CTG AAT TCA GAA ACA CCT GTT 
: T Leu Gla. Gln Trp Arg ‘eye Glu Lys Pro Gly Ala Pro Ala Leu Val Val Pro Ala Leu Asn Ser Glu Thr Pro Val 
ener © | a Fp pis | 125 130 135 
: ` 3541 Ke: TAA GCTACCTCAG TTIGGCTCTTICTATCOTOA AGATGATCTGTCTCTGAGCC TTGTATCCTGTAGTGACACCATCGGACTCTAGAGGACTTTTGT 

















n C 'ACACTGG ACTGCAAACC CTTGE TTAGTGACGGCGAGGGTCTTGATGG TGGTTTTACTAATGCAAGAGAACCC TCTCOCCTOT 
: Fry Pou 4HY Avail 


TTT SATGTTC? TCTGTTGGTG TTTTCTTICTATAGGGCAAA GGGTGCGAATACGGGCGGCAGTCETCGAGACT 3829 
F 
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Fig. 1 (left) Sequence of the sense strand of the rat a-LA gene 
region. The coding sequences of the exons have been translated and 
the amino acid residues numbered below. The start of RNA tran- 
scription was identified at position 1,247 (V) by primer extension?’ 
and at position 1,245 (V) by S, nuclease mapping’’. The termination 
- site of the RNA transcript at position 3,762 is shown by t. The 
consensus sequence, TAAATAAAA, and the polyadenylation site 
are boxed. The short repeat sequences in the 5’-flanking region and 
unique sequences of the intervening region are underlined. 
Methods: A °*P-labelled rat a-LA cDNA clone pa-LA 187 was used 
as a hybridization probe to screen 5x 10° plaques from the bac- 
teriophage Charon 4A/rat partial EcoRI genomic library*®. Seven 
individual hybridizing plaques were isolated, plaque purified, and 
DNA from each recombinant phage was isolated and mapped with 
different restriction endonucleases, Rat a-LA cDNA has a single 
EcoRI site’. The 3’ and 5’ end fragments to this site were used as 
hybridization probes. Comparison of the hybridization patterns of 
the phage DNAs and the restriction enzyme maps showed that there 
were two classes of recombinant phages. One class contains 6 and 
2.7 kb EcoRI liver DNA fragments. Only the 6 kb fragment hybrid- 
ized to the 3’ end probe of pa-LA cDNA. The other class contains 
EcoRI fragments of approximately 0.9, 2.5, 1.0, 5.5, 1.1 and 0.5 kb. 
Only 0.9 and 2.5 kb fragments hybridized to the 5'-end probe of the 
essentially full-length a~LA cDNA clone, pa-LA 35 (short of 4 
nucleotides on the FY end) or to a-LA mRNA labelled at the 5’ end. 
A recombinant phage carrying overlapping a~LA genomic DNA 
fragment of the two phage classes could not be identified from this 
partial EcoRI genomic library even after additional screening of 
210° phages. The restriction DNA fragment of the a-LA gene 
region from rat mammary gland or liver DNA could be arranged into 
a genomic map indistinguishable from the restriction enzyme map 
derived from the two recombinant phages. We have recently isolated 
a recombinant phage carrying an overlapping a-LA rat genomic 
DNA from a bacteriophage Charon 4A/rat partial Haelll genomic 
library. Rat EcoRI DNA fragments from each phage DNA were 
isolated on 1% low melting agarose gel and subcloned into the EcoRI 
site of pBR322. Plasmid DNA and their EcoRI inserts were isolated 
and purified from such subclones. The linkage of the EcoRI frag- 
ments of the recombinant phage DNAs was determined by partial 
digestion of the DNA with EcoRI or extensive digestion with a 
combination of restriction enz mes, followed by Southern blotting?” 
and hybridization with the **P-labelled EcoRI inserts of the sub- 
clones. The inserts of some of the subclones, pBa-LA 2.5 and 
pBa-LA 0.9, containing 2.5 and 0.9 kb EcoRI liver DNA fragments, 
respectively, were extensively mapped with restriction endonu- 
cleases and sequenced by the Maxam and Gilbert method”. The 
nucleotide sequence from positions 1~2,574 and 2,575-3,522 was 
determined from pBa-LA 2.5 and pBa-LA 0.9, respectively. The 
remaining sequence from position 3,523-3,829 was determined from 
the EcoRI/ BamHI fragment isolated from the 6kb genomic rat 
DNA fragment. 





The nucleotide sequence of the entire rat a-LA gene and its 
5’ flanking region is shown in Fig. 1. The a-LA gene extends 
over 2.5 (kb kilobases) of genomic DNA and is composed of 
four exons and three introns. The nucleotide sequence of the 
coding region of the genomic DNA is consistent with the pre- 
vious reported cDNA sequences of pa-LA 18 and pa-LA 17’ 
and with the essentially full-length a-LA cDNA clone pa-LA 
35 (Fig. 1 legend). The amino acid sequence of the entire rat 

a-LA protein has been deduced from the DNA sequence of the 
gene. This has confirmed our previously published partial 
sequence of rat a-LA’ which showed that rat a-LA has a 17 
residue extension at the carboxy terminus which is proline rich 
and hydrophobic. The nucleotide sequence of the gene shows 


Fig. 2 Comparisons of the rat a-LA and the 
chicken egg white lysozyme gene regions. Solid 
boxes represent the regions coding for the struc- 
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that this extension results from a T to G base Hangs 
termination codon. Comparison of the nucleotide d 
amino acid sequence with the amino acid sequence of rat a- 
reported by Prasad et al.? shows certain differences. We bel 
that some of these discrepancies are probably a result o 
incorrect amino acid assignment made because of deamina’ 
of some amino acids during the protein sequence analys 
cannot explain the remaining discrepancies. 

The 5’ end of the rat a- LA mRNA was located at ü, posi 
1,247, by the primer extension method?”. However, 
identified as T at position 1,245 (Fig. 1) by S, nuclea: 
ping’. Preceding this initiation site is an A-rich sequenc 
5'-TAAATAAA-3’, at position 1,224-1,231. This is simil 
not identical to the consensus sequence “TATAAA!? found at 
the initiation site of many other genes. There are also a number _ 
of almost identical short repeat sequences preceding this A-rich _ 
sequence, shown underlined in Fig. 1. These appear only in the Se 
5’ flanking region of this gene. It remains to be established _ 
whether these short repeat sequences are in any way related to 
the induction or inhibition of the a-LA gene expression by _ 
multiple hormonal combinations’. It is worth noting that 
a nonanucleotide sequence ATCCCTITC, which appears | 
at positions 748-756 and 860-868, resembles the first 9 
nucleotides of the 19-nucleotide concensus | “sequence — 
ATCEEATTATCTGYTIGTA thought to be involved in the 
progesterone receptor recognition site in the ovalbumin genet ae 
The three intervening sequences of the a-LA gene have some ae 
unusual features (Fig. 1). In the first intervening sequence a` 
trinucleotide, TCC, is repeated 23 times between positions 1,459 
and 1,528. In the third intervening sequence TG dinucleotide 
is repeated 25 times from position 2,897 to 2,946 and again 22 __ 
times from position 3,263 to 3,306. Between these two stretches ze 
of TG repeat sequences a trinucleotide, TAT, is repeated from a 
position 2,964 to 3,114, The TG me have been shown to ~ 
occur in other eukaryotic genomes’ aa 

Comparison of at a-LA and chicken egg white lysozyme’ 
gene organization“ reveals that the three introns are located at _ 
similar positions within the coding regions of the two genes (Fig. oS 
2). Rat a-LA exons are 165 (167), 159, 76 and 328 base pairs _ 
(bp) long, compared with the corresponding lysozyme exons — 
which are 165, 162, 79 and 180 bp long. The three introns are | 
located on codons 26, 79 and 104 within the coding regions of 
rat a-LA, compared with codons 28, 82 and 108 of chicken egg _ 
white lysozyme. The first and third introns in both the genes _ 
interrupt the Trp codon. However the corresponding interven- _ 
ing sequences in the two genes differ in length: in the rata-LA __ 
gene the intervening sequences are 341, 429 and 1,016 bp long 
and in the chicken egg white lysozyme gene 1, 270, 1,810 and 
79 bp long. All three introns in both the genes not only begin _ 
with GT and end with an AG dinucleotide, sequences thought 
to be necessary for correct RNA splicing of various other eukary- 
otic genes'’, but also have additional common sequences at the a 
exon~intron junctions (Fig. 2). 

Comparison of the nucleotide sequences of the coding regio 
of the first three exons of rat a-LA with chicken egg whi 
lysozyme show sequence similarities of 43%, 56% and 46% in 
exons 1, 2 and 3, respectively. For this comparison, the ar 
acid sequences of the two proteins in these regions were 
aligned and subsequently their nucleotide sequences... 
required one additional residue (in the signal peptide) and ti 
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RE GAGGGTCTIGATGGIGSPTTTACTAATGCAAGAGAACOCTOTOCTGTOOCAAATAAAGGRCOCAATTIGAC 


Fig. 3 The nucleotide sequence alignment of the fourth exon of 

rat a-LA and chicken egg white lysozyme. * Indicates that the 

alignment of this coding region was based on the amino acid 

alignment. + Indicates that from this position onwards the sequen- 

ces were aligned using the NUCALN computer program”? with 

the following parameters: k-tuple size, 2; window size, 20; gap 
penalty, 5. 


deletions in the amino acid sequence coded by the first exon, 
and one deletion each in the second and third exons of a-LA. 
Using the SEQDP computer program’? these regions showed 
statistically significant similarities at the protein level as pre- 
viously observed with other a-LAs’. Exon 2 of a-LA (which 
has the highest nucleotide and amino acid similarities with exon 
2 of lysozyme- codes for amino acid residues considered to be 
involved in the interaction with galactosyltransferase and partial 
binding of monosaccharides in the lactose synthase complex” 
Exon 2 of lysozyme codes for residues which carry the catal tic 
centre and contribute mainly to polysaccharide binding'?*’. 
The similarities both at the protein and nucleic acid level, 

together with the functional similarities of the exons, strengthen 
the argument that a-LA and lysozyme have evolved from the 
same primordial gene. However, based on model building, the 
_conformation of the main chain of a-LA, though for the most 
part similar to lysozyme, differs from it from residue 108 
onwards”. These residues are encoded by the fourth exon of 
the two genes which show the least similarity and also differ in 
length; 328 bp for a-LA and 180 bp for chicken lysozyme (Figs 
2,3). The first 64 nucleotides of the lysozyme exon and 58 
nucleotides of a-LA exon code for residues 109-129 and 105- 
123, respectively, in the two proteins. The 17 residue extension 
at the carboxy terminus which is unique to the rat a-LA is a 
result of a single point mutation in the termination codon and 
has been excluded from this discussion. In this region 5 out of 
19 residues of a-LA align with lysozyme only when three 
deletions and one additional residue are introduced*! in a-LA. 
_ Using the SEQDP'? and ALIGN” programs, the amino acid 
similarity in this region was not found to be statistically sig- 
_ nificant. Based on the amino acid alignment we compared the 
nucleic acid sequence of this region of a-LA and lysozyme (Fig. 
3). Using the ALIGN program”, the two sequences do not 

-show any statistically significant similarities. When the 3’ non- 
- coding Topions. ‘were aligned using the NUCALN computer 
-= program’’, again the nucleotide similarities were not significant 
(Fig. 3). This, although there is a high degree of similarity 
-implying homology between the other exons, the two genes 
<- have diverged in the region of the fourth exon, since this region 
< of the a-LA gene shows no statistically significant similarity 
“with the corresponding lysozyme exon. On the other hand, there 
= is extensive nucleotide similarity between the fourth exon of 
= the rat a-LA gene and the comparable region of human and 
`- guinea pig a~LA mRNA.” The region coding for residues 105 
~ onwards, which contains amino acids essential for its interaction 
with galactosyltransferase**, is well conserved among species 
variants of a-LA. This functionally important region of a-LA 
is conformationally different from the corresponding region of 
lysozyme”* , and is coded by a separate nucleotide region pre- 
eded 3 two (TG), iepent, 










The observed differences in the fourth exon of the two genes 
suggest that this exon of the primordial gene diverged more 
rapidly than the other exon through accumulation of point 
mutations, insertions and deletions, generating a DNA sequence 
which partly coded for a new functional unit of a protein, 


Alternatively, according to the split gene hypothesis?™?6, the - 


entire fourth exon might have been replaced by a new region 
of DNA. TG dinucleotide repeats, present in the intervening 
sequence preceding the fourth exon of the a-LA gene, have the 
potential of forming a Z-DNA structure*’. These sequences 
have been implicated in genetic recombination, rearrangement 
and regulation of gene expression’*** and may have had some 
role in generating the observed differences in the fourth exons 
of the two genes. Thus, a-LA and lysozyme are two related 
proteins with different functions whose critical divergence 
appears to be concentrated in one exon and may therefore serve 
as a useful model for the study of the evolution of new proteins. 

We thank Drs David Lipman and Jacob Maizel for carrying 
out the computer analyses and for their valuable suggestions on 
the manuscript. 
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Successful invasion of mammalian cells by pathogenic parasi 
is generally eee from ci tial evidence, to be a 













studies of alleen have examined the Sina of i Roos ites. i = 
to interact with mammalian cots”. However, knowledge of == 















Fig. 1 Binding of **I-labelled a 
human fibronectin (huFN) to 
glutaraldehyde-fixed T. cruzi try- 
pomastigote culture forms (@). a, 
25]-huFN binding (in ng) to T. cruzi 
; trypomastigote culture forms as a 30 
~ function of }*5J-ligand input. b, Bind- 
ing of }*5[-huFN to trypomastigotes 
in the presence of increasing amounts 
of unlabelled ligand. The binding 
assay was done in a total volume of 
250 pl. c, Scatchard’’ analysis of the 
binding of '*°I-huFN to trypomas- 
tigotes. The fibronectin molecule 
consists of two similar or identical 
subunits of molecular weight (MW) 10 
220,000 + 20,000 (ref. 9). Calcula- 
tions of the number of receptors and 
=. Ka were based on a MW of 220,000 
and on the assumption that both 
monomeric subunits bind to 
fibronectin receptors. Each point 
represents the mean of three experi- 
ments. 





125 l-huFN bounding) 
th 
ce 


100 


$00 
1231 -huFN added (ng) 













s=-0.00193 






0.064 


4 004 
ay 
a 
= 
3 
ad 
_& 
m 
2 0. 


. 23 
ae 


ù% Specific binding to trypomastigote 


1,000 2 10 w Reraat 


Unlabelled huFN added {xg} Bound (ng) 


Methods: Fibronectin was prepared according to the method of Ruoslahti ef alë. Citrated human blood was passed through Sepharose : 





4B-gelatin columns (Pharmacia) equilibrated with phosphate-buffered saline (PBS), 0.01 M citrate buffer. Fibronectin was eluted with 0.05M 
Tris-HCl pH 7.5, containing 4M urea. The product was passed through Sephadex G25 columns, equilibrated with 20 mM phosphate buffer 
pH 6.8, containing 1 mM EDTA and 100 mM NaCl to eliminate urea. Protein contaminants of the fibronectin solution were eliminated by 
passage through a DE 52 column (Whatman). Fibronectin was eluted by using a NaCl gradient (100-400 mM) in the buffer described above... -. 


The purity of the fibronectin solution was tested by polyacrylamide gel electrophoresis, then it was radiolabelled with 1251 to a specific activity 


9 


of 210° c.p.m. pg using the chloramine-T method 


_ The Tehuantepec strain of T. cruzi was used throughout”®. Trypomastigote culture we 


forms were obtained from monolayers of 3T3 FR fibroblasts as described previously’®; 1.5 10° trypomastigotes in 100 pl of Eagle's MEM 
were incubated for Lh at 37°C with '*°I-huFN in a total volume of 150 yl, in polystyrene tubes previously saturated with PBS. containing : 

2% BSA to prevent binding of fibronectin to the tube surfaces, Next, 50 ul of the mixture were applied to replicate to 200 wl of dibutyl = 
phtalate (Aldrich Chemical Co. Inc. Milwaukee, Wisconsin) in a 300-41 Eppendorf tube and centrifuged in an Eppendorf microfuge for 30min. 
at room temperature. The pellets, obtained by cutting the tips of the tubes with a razor blade, as well as the supernatants pooled from replicate = 


tubes, were directly assayed for radioactivity in a y-scintillation spectrometer. Nons 
excess of unlabelled ligand and represented 14-17% of total binding. The per cent 
from the total binding the nonspecific binding measured as described above. 


the mammalian cell surface ‘receptors’ which interact with the 
parasite is limited. We now report that fibronectin, which is a 
high molecular weight glycoprotein present in blood, connective 
tissue and at cell surfaces”, binds specifically to Trypanosoma 
cruzi trypomastigotes. The reaction is specific, reversible (in 
the presence of a 100-fold molar excess of unlabelled ligand) 
and of moderate affinity (Ka = 11.36 nM). Various other pro- 
teins (for example, thyroglobulin, ferritin, catalase, aldolase, 
human IgG and bovine serum albumin) had no significant effect 
on the binding of labelled ligand to the parasite surface. Addi- 
tion of anti-fibronectin antibodies to the culture medium sig- 
nificantly inhibited the infection of rat fibroblasts (3T3 FR) by 
T. cruzi trypomastigotes, suggesting that cell surface fibronectin 
may act as a recognition site for attachment of the parasites. 

Recently, fibronectins have elicited considerable interest”. 
The attachment of some bacteria to fibronectin on the host cell 
surface?’ has been described, but its role in the cell-protozoa 
interaction has not yet been considered. Incubation of T. cruzi 
trypomastigotes with increasing amounts of '**I-labelled human 
fibronectin ('7°I-huFN) showed that the binding is a saturable 
process (Fig. 1a); about 33 ng of radioligand bound per 1.5 x 10° 
trypomastigotes was sufficient to achieve apparent saturation. 
Half-maximal saturation was reached with 250 ng of radio- 
ligand, providing an estimate of the equilibrium dissociation 
constant, K, (11.36 nM), of the radioligand for specific binding 
sites on trypomastigotes. When trace amounts (25 ng) of the 
radiolabelled ligand were incubated with T. cruzi trypomas- 
tigotes in the presence of increasing amounts of unlabelled 
huFN, the latter competed efficiently with the radiolabelled 
ligand for binding to the parasite surface (Fig. 1b). From the 
concentration of unlabelled ligand at which the binding was 
reduced by 50%, a dissociation constant of 14.39 nM was calcu- 
lated; this agrees with the value obtained using the radiolabelled 
ligand. There are about 6x 10° fibronectin receptors per try- 
pomastigote (Fig. 1c), as determined by Scatchard analysis of 
several experiments. 7 





ific binding was determined in the presence of a 100-fold : 
25]-huFN specifically bound was calculated by substracting oe 


Table 1 Inhibition of binding of '?°I-huFN to T. cruzi trypomastigote _ 
culture forms | Beco 








% Inhibition (tseem) 


Unlabelled huFN 67412 - 
Human IgG 5+3 
Thyroglobulin 72 
Ferritin 321 
Catalase 322 
Aldolase 4il 
Bovine serum albumin 2t1 


1.5X 10° trypomastigotes in 100 pi of MEM were incubated witho 
25 ng of '*°]-huFN (50 pl) without or with 1.5 ug of the following — 
proteins; unlabelled human fibronectin, human IgG, thyroglobulin, fer 
ritin, catalase, aldolase or BSA (Sigma) in a total volume of 250 ph © 
The binding assay was as described in Fig. 1 legend. Per cent inhibition ji 
was calculated as follows: ri 
__Acp.m. (with inhibitor) 
Ac.p.m. (without inhibitor) 

where Ac.p.m. (with inhibitor) is the radioactivity bound to trypoma 
tigotes in the presence of inhibitor minus the radioactivity bound in 
presence of a 100-fold excess of unlabelled huFN, and 4 c.p.m. (witi 
inhibitor) is the radioactivity bound to trypomastigotes without inhibitor 


minus the radioactivity bound in the presence of a 100-fold excess of 


unlabelled huFN. The results are the mean of three experiments +5.e.m. 


x 100 










To test the specificity of the trypomastigote binding site for 
huFN, inhibition experiments were done using various: 
heterologous proteins. Incubation with thyroglobulin, ferritin, 
catalase, aldolase, human IgG or bovine serum albumin (BSA} 
had no significant effect on the binding of *°I-huFN to T. cruzi. 
trypomastigotes, whereas inhibition was observed on incubation 
with: unlabelled huFN (Table 1). | 7 

The exact location of parasite-associated huFN was investi- 
gated using fluorescein-labelled antibody. Figure 2 shows the 
results of an indirect method using rabbit anti-human fibronectin 








Fig. 2 a, Ring-shaped positive fluorescence on T. cruzi trypomas- 
_ figote culture forms treated with huFN followed by rabbit anti- 
huFN antiserum. b, (insert), A higher magnification of the same 
preparation. 

Methods: Rabbit antiserum to human fibronectin (anti-huFN) and 
its IgG fraction were obtained as reported previously”. The speci- 
ficity of antibodies was controlled by immunoelectrophoresis”! and 
immunoblotting”? (data not shown). Trypomastigotes were washed 
with MEM, fixed in 0.25% glutaraldehyde in PBS pH 7.2, and 
dried on slides. They were then treated with the following reagents: 
(1) to saturate the slides and to prevent the binding of fibronectin 
to surfaces, they were incubated for 1 h at room temperature with 
BSA (Sigma) diluted 2% (w/v) in PBS followed by three washes 
in PBS; (2) 5 wg of human fibronectin in PBS for 1h at room 
temperature, then three washes in PBS; (3) anti-huFN diluted 1:20 
in PBS for 30 min at room temperature, followed by three washes 
in PBS; (4) fluorescein-conjugated sheep anti-rabbit y-chain anti- 
serum (Pasteur Institut Production, France) diluted 1:20 in PBS 
for 30min at room temperature, then three washes in PBS: 
(5) Evan's blue diluted 1% (w/v) in PBS for 10 min. The slides 
were then washed twice in PBS. Control parasites were treated 
with normal rabbit serum instead of anti-huFN. The specimens 

were examined under a fluorescent microscope. 


antiserum (anti-huFN) and fluorescein-labelled sheep anti- 
rabbit y-chain antiserum. A ring-shaped region of fluorescence 
was observed on the kinetoplast region, suggesting that fibronec- 
tin binding sites are localized at the posterior end of the try- 
pomastigote. 

The amino acid composition of fibronectin from various 
species is very similar’’. Indeed, plasma and cellular fibronectin 
have been found by immunological criteria to be identical t. 
The IgG fraction of the rabbit anti-huFN antiserum used in the 
present study reacts against rat serum and rat fibroblasts 
(3T3 FR) (data not shown). Thus, an in vitro test using 3T3 FR 
fibroblasts, T. cruzi trypomastigotes and rabbit anti-huFN IgG 
was done to investigate the possible involvement of fibronectin 
in the cell~parasite interaction. Table 2 shows the effect of rabbit 
anti-huFN IgG (1 mg ml™') on infection of 3T3 FR fibroblasts 
by Tehuantepec strain T. cruzi trypomastigotes; in the four 
independent experiments performed, marked inhibition of infec- 
tion of fibroblasts was observed. The range of inhibition was 
63-69%. In some experiments, either the fibroblasts or the 
T. cruzi trypomastigotes were preincubated for 1h with either 

-rabbit anti-huFN IgG or normal rabbit IgG at the same con- 
_. centration, then washed and assayed in the culture system using 
- Eagle’s minimum essential medium (MEM) supplemented with 
5% heat-inactivated fetal calf serum (FCS). In these conditions, 
. no inhibitory effect of anti-huFN was observed (data not shown), 
suggesting that the constant presence of anti-huFN antibodies 
is necessary to inhibit infection of 3T3 FR by trypomastigotes. 
_ The inhibitory effect of anti-huFN antibodies on the infection 
_ of fibroblasts by T. cruzi trypomastigotes suggests that the anti- 
bodies. bind to fibronectin on the fibroblast cell surface, thus 
» preventing the trypomastigotes from attaching to the fibroblast 
surface. In preliminary experiments, the addition of soluble 
- huFN to the culture: medium promoted the attachment of 
_T. cruzi trypomastigotes to 3T3 FR, resulting in an increase in 
. the percentage of infected cells (data not shown). 
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Table 2 Rabbit anti-huFN inhibits infection of Fischer rat fibroblasts 
(3T3 FR) by T. cruzi trypomastigotes 
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Expt % Inhibition 
l 69 
2 65 
3 69 
4 63 


The monolayer of 3T3 FR fibroblasts was maintained as described 
previously with minor modifications'®. 3T3 FR were cultivated at 37 °C 
in MEM supplemented with 5% heat-inactivated FCS in flaskette cham- 
bers. After 4 days the cultures were washed twice with MEM, then 2 ml 
of MEM containing 1 mgm!” of rabbit anti-huFN IgG and 10° try- 
pomastigotes was added to one of the flaskettes; normal rabbit IgG was 
added to the other flaskette as a control. The flaskettes were incubated 
at 37°C in a humidified atmosphere of 5% CO, in air. After 24h of 
culture, 1 ml of MEM containing either 1 mg of rabbit anti-huFN IgG 
or normal rabbit IgG was added to the corresponding flaskette. Then 
the fibroblast cultures were incubated for 48h at 37°C, after which 
they were washed twice in MEM to remove free-swimming parasites, 
fixed and stained with Giemsa. In each experiment, the number of 
parasitized cells was quantified for 800 cells by three observers using 
light microscopy. In some experiments, either trypomastigotes or fibro- 
blasts were preincubated with either anti-huFN IgG or normal rabbit 
IgG for 1 h, washed and then assayed in the culture system using MEM 
supplemented with 5% FCS, Per cent inhibition was calculated as 
(1~ 7/C)x100 where T is the mean number of parasitized cells in a 
culture treated with rabbit anti-huFN IgG and C is the mean number 
of parasitized cells in the control culture containing normal rabbit IgG. 


As in bacteria’’, intracellular protozoan parasites attach to 
mammalian cells in the initial phase of the infection. The 
mechanism involved could rely on specific recognition of cell 
surface components. In the case of T. cruzi, infection of verte- 
brate cells is inhibited by a range of lectins’? and sugars’*!*. It 
has been observed that infection of HeLa, LL-MK2 and bovine 
embryonic skin and muscle cells by T. cruzi trypomastigotes is 
inhibited by N-acetylglucosamine. It seems, therefore, that 
T. cruzi trypomastigotes bind to N-acetylglucosamine- 
containing ‘receptors’ on the vertebrate host surface?*. The 
experiments reported here suggest that at least fibroblast 
cell surface fibronectin, the carbohydrate moiety of which 
is the N-acetyllactosamine type containing N-acetyl-p- 
glucosamine**, could be a candidate for recognition of the cell 
surface by T. cruzi trypomastigotes. The identification of such 
recognition sites could lead to better understanding of the host- 
parasite relationships of protozoal infections and the possible 
control of cell invasion. 
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l The Birth of Particle Physics. Edited by Laurie M. Brown and Lillian Hoddeson. 


Cambridge University Press: 1983. Pp.412. £27.50, $44.50. 





OveR the past decade, particle physics has 
made great progress. We now recognize 
quark~lepton families to be fundamental 
and accept that their interactions are 
governed by symmetry principles and the 
gauge mechanism. At the same time, since 
these gauge theories are renormalizable 
-vand calculable, we have had finite theories 
- with acceptable properties before us for the 
first time and much experience has been 
gained concerning their mathematical 
nature and their physical implications. 
an This situation made it natural for Laurie 
-<e Brown and Lillian Hoddeson to suggest 
-that physicists should now look back over 
the early years during which particle 
physics first developed out of cosmic-ray 
and nuclear physics, going up to, say, the 
discovery of the pion in 1947. Their book 
consists of the contributions to the Inter- 
national Symposium on the History of 
Particle Physics which resulted, sponsored 
by Fermilab and held there in May 1980. It 
also includes two panel discussions and 
some additional papers, two being 
extensions of remarks made from the floor, 
the others being recollections from seven 
physicists not present at the conference. 
Some strong impressions remain after 
reading through these recollections. The 
greatest surprise is the degree to which 
experiment was carried out independent of 
theory. Today, we are all very conscious of 
<> how in 1928 Dirac set up his relativistic 
equation which predicted the existence of 
negative energy states for electrons, and 
how these were interpreted as being due to 
positive energy particles with positive 
charge (particles we now know as posi- 
trons). However, the existence of the posi- 
tron was not established in response to this 
theoretical work. The experimenters were 
in fact confused by the unfamiliar ideas 
involved in Dirac’s theory and by much of 
the controversy it generated amongst the 








_ theoreticians, and did not whole-heartedly | 


-accept the concept of the positron. In the 
words of Carl Anderson, ‘‘the discovery of 
the positron was wholly accidental’’, 
coming about through investigations of the 
cosmic radiation, using new techniques, by 
Anderson at CalTech and Blackett and 
Occhialini at Manchester. This was ‘‘an age 

_ of innocence for experimental physics’’, as 
+ Rossi says, where fundamental exploratory 
experiments could still be done for little 
expenditure and without need for theor- 
etical guidance. It is worth noting Serber’s 
remark that “‘progress in physics depends 
more often on the development of experi- 
mental techniques rather than on theor- 
etical ideas”. 










At the same time, the theoreticians were 
ignoring the signals being given by the 
experimenters. Anderson and Nedder- 
meyer demonstrated quite early (by 1934) 
that the penetrating component of the 
cosmic radiation consisted equally of posi- 
tively and negatively charged particles, 
and, a little later (1936), that the mass of 
these particles was not that of the proton or 
the electron, but lay between them. No 
theoretician paid attention. 

After the heady experience of the birth 


of quantum mechanics, the theoreticians | 


were in a revolutionary mood, As 
Schweber points out here, Heisenberg 
sought to introduce a fundamental length, 
Dirac used Hilbert spaces with negative 
norm, while Bohr said repeatedly ‘‘this is 
not crazy enough’’. Their general expec- 
tation was that quantum electrodynamics 
would necessarily prove inadequate in 
higher energy regimes. When theoretical 
calculation failed to agree with experiment, 
this was accepted almost fatalistically; in 
one case at least, the 
disagreement was due 
only to numerical errors 
but nobody had suffic- 
ient conviction to at- 
tempt the calculation 
again. Oppenheimer, for 
example, whose in- 
fluence on theoretical 
physics in the United 
States was enormous, 
repeatedly expressed the 
view that quantum 
electrodynamics must be 
wrong, despite work such 
as that of Weiszacker and 
Williams pointing out 
that many high-energy 
quantum electrodynamic 
processes still involved 
energies only of order 
m,c*, if the processes 
were viewed in the right 
Lorentz-frame. As 
wey Serber succinctly 
> puts it here, ““Op- 
penheimer strug- 
gled to maintain his 
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Evidence of the two-meson sequence n* >u*, 
the decay of a pion into a muon. This 
Photomicrograph, here much reduced, 
appeared in the paper by C.M.G. Lattes, H. 
Muirhead, G.P.S. Occhialiniand C.F. Powell in 
Nature 159, 694; 1947. R.E. Marshak and H.A. 
Bethe's paper which predicted the sequence was 
published later that year (Phys. Rev. 72, 506), 
as discussed by Professor Dalitz overleaf. 





| New York Central railroad on the trip fr rom 










lack of faith”, putting forward, to 
arguments for discrediting agre 
found between calculation and exp 
at high energies. As for new particle 
was the influence of Bohr, who f 
the scholastic tradition, ‘‘do not 
entities unnecessarily’’; such an: 
suppressed speculation by Wi 
theoreticians about new particles 








cosmic radiation, to the extent that they d 
not take in the message that the 
experimenters were so clearly spelling out. 
As a result, the Japanese experience 
particularly interesting. Isolation (by 
present-day standards) was a large factor : 
for all in frontier physics at that time, of 
course. Only rarely could younger. — 
physicists manage to attend a conference, 
Visitors and letters were eagerly awaited, ~ 
while personal contacts were of the greatest 
importance. But the Japanese physicists 
heard little more than echoes. So, as Taka- 
bayashi and Hayakawa recall, it was 
Yukawa, working in far-off Japan, who. 
proposed at the end of 1934thatthenuclear 
forces result from the existence ofa meson 
field, whose quanta he estimated should. 
have mass about 150 MeV/c’. Yukawa did 
not suffer the inhibition common to 
Western theoreticians of that time, who... 
feared to propose new particles but 
expected major changes in the theoretical 
framework. As Pais remarks: .“%..... the 
idea of Yukawa, that was brilliant. In the- 
deepest sense, though, it was not revos 
lutionary. You did not need to change any 
of the conceptual notions of physics’’. ne 
A similar situation held for more purely ` 
theoretical questions, such as how to make 
sense of quantum electrodynamics, which. 
gave infinite results in higher approxi- 9” 
mations despite good general agreement at - 
low energies between the first approxi- 
mation and experiment. Rough estimates 
of the finite part of the higher-order 
corrections, using plausible cancellations 
between infinities or cut-offs, were 
occasionally attempted, even before the 
Second World War (e.g. for the splitting — 
between the 2S,,. and 1P,,, levelsinhydro- 
gen, where experimental! discrepancy with 
Dirac theory was suspected already in 
1937). As Lamb recalls, Oppenheimer and __ 
Hall made a suggestiveestimateofthiskind __ 
in 1930 with a result. not far from being a 








| correct — but the estimate was disbelieved, 


mainly because of the fundamental doubts _ 
about quantum electrodynamies but also _ 
because these cancellations followed no 
consistent philosophy. As Schwinger. sums. 
it up, ‘‘The preoccupation of the majority 
of involved physicists was not with 
analyzing and carefully applying the 
known relativistic theory of coupled 
electron and electromagnetic fields but 
with changing it’’. 

After Lamb and Retherford measured 
the splitting mentioned above (the Lamb 
shift) in 1947, Bethe managed at oni 
(according to Lamb, ‘‘while he rode. 
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New York to Schenectady”) to make `a 
roughly consistent non-relativistic calcu- 
lation along the above lines. Lamb and 
Kroll then made a relativistic calculation; 
as Lamb puts it, ‘‘we simply evaluated the 
expressions of Oppenheimer in 1930 
allowing for the filled negative energy 
electron states’’. Their calculation could 
just as well have been made in the early 
1930s, but there would have been no data to 
compare the result with, and no theor- 
etician would have believed it. Even in 
Japan, Tomonaga had been striving to 
obtain finite results from quantum electro- 
dynamics by the idea of compensation, 
introducing fields of unknown particles in 
such a way as to cancel the divergences 
obtained from the known interactions. 
However, he had realized the importance 
of covariant notations, and had developed 
methods of calculation; when news of the 
Lamb shift reached Japan, as a report in a 
weekly magazine, he was able to carry out 
at once the necessary relativistic 
calculations. In the end, it was the con- 
servative theoreticians who proved to be 
correct, not the revolutionaries. 

A large part of the symposium was 
concerned with the identification of 
Yukawa’s meson. As Piccioni relates, a 
series of crucial experiments was necessary 
before it was realized that the penetrating 
particles observed in cosmic radiation did 
not have the strong interactions required 
by Yukawa. Marshak discusses the history 
of the two-meson hypothesis he and Bethe 
published in 1947 to resolve this dis- 
crepancy, namely that Yukawa’s strongly- 
interacting meson is copiously produced in 
high-energy cosmic-ray interactions but 
decays to a lighter but weakly-interacting 
meson. In fact, the group of Powell and 
Occhialini at Bristol had already seen, and 
reported in Nature (May, 1947), the two- 
meson sequence n+ — u? in nuclear 
emulsion exposed to the cosmic radiation, 
although this was not known to Marshak at 
the time (June, 1947) when this idea first 
came to him. Communications were much 
slower in those days. 

Brown and Hoddeson are to be con- 
gratulated on the success of their confer- 
ence and on the unique contribution it has 
- made to the history of particle physics. The 


i “recollections of the physicists involved 
come together i in a most illuminating way, 
- to give a vivid overview going beyond what 


any historian: ‘could deduce from the 
printed and manuscript evidence. At the 

time, añd afterwards, probably no one had 
a clear picture of all that was going on. So 


this conference has put us further ahead, 


advancing our knowledge of the inter- 
relationships of that era, providing source 
material for future historians and leading 
to amore global view of the early history of 


2 particle physics, even n for those who took 


co pitini. oe ee a 
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Cybernetics in human 
affairs 
Donald MacKay 


Human Systems are Different. 

By Geoffrey Vickers. 

Harper & Row: 1983. Pp. 188. Pbk £5.95, 
$12.50. 


THE publication of Norbert Wiener’s 
Cybernetics in 1948 created ripples of 
interest right across the scientific spectrum 
and beyond. Although he did not coin the 
term (it was used by Ampère in 1838 to 
denote ‘‘the science of government’’), 
Wiener was the first to popularize the idea 
that by analysing the flow of communi- 
cation and control one could discern 
common scientific principles that applied 
equally to the self-regulation of steam 
engines and of human communities. In 
particular, one could identify in feedback 
loops common causes of instability and 
misregulation — though not always, alas, 
cure them. 

Among those who recognized the 
relevance of cybernetic concepts to human 
affairs, none was better-balanced in his 
appreciation than Sir Geoffrey Vickers, 
who died in 1982 after a long life in the 
practice and analysis of administrative 
decision making. I first met his keen mind 
when reviewing a symposium on 
“Communication”? in 1955, where for 
sheer intellectual quality his contribution 
stood out from all the rest. From then on he 
produced a remarkable series of books 
with such titles as The Art of Judgment 
(Chapman & Hall, 1965) and Freedom ina 
Rocking Boat (Penguin, 1970), in which he 
sought to elucidate key elements in the 
working of human systems, and to contrast 
human judgement with the type of calcu- 
lation that can be mechanized in a 
computer, 

In this his last book, published posthu- 
mously, Vickers has brought together some 
of his most penetrating insights into the 
nature of human systems and the special 
cybernetic problems they present. Systems 
are nets of relations sustained through 
time. Open systems, interdependent with 
their surroundings, can be kept in being 


-only through mechanisms of self- 


regulation. The constraints of inter- 


dependence, however, set limits to the . 


possibilities of organization, making it 
necessary to think in ecological terms as 


-well as those of systems engineering if we 
are ever to understand the conditions for | 


their stability. When we do this, according 


to Vickers, the crisis of our time appears in | 


@ Routledge & Kegan Paul have issued in | 


paperback John C. Eccles’s The Human 
Mystery: The Gifford Lectures of 1977-1978. 


The book first appeared in 1979, published by 


Springer-Verlag, and was reviewed in Nature 282, 


- 160. Price of the paperback is £5.95, $10.95. 
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a new and ominous light. ‘The threats 
which face the world today’’, he claims, 

are all threats to the maintenance of systemic 
relations on which we depend. By a threat 1 
mean that we are no longer maintaining thes 


relations within tolerable limits and we have al. 


present no means in sight for doing so [p.107]. 

Much of the book is devoted to spelling 
out the nature of the threats to stability 
thus identified, and the implications for 
our society. Technology, for example, has 
encouraged expectations of an increasing 
share for all. 


Yet anyone familiar with the behaviour of 
systems should not need telling that they breed 
their own limitations and that ... the 
management of these limitations —- not their 
evasion but their acceptance and management 
— is what politics will [soon] be all about 
[p.147]. 

Again, overemphasis on the value of 
equality has produced a mistrust of non- 






reciprocal relationships (parent/child, os 


teacher/student, master/servant) 

fatal to the effective performance of a role by 
either party and hence to the effective working 
of any organization, since all depends on the 
trust by each in the faithful role playing of all the 
others [p.84]. 

Himself no technologist, Vickers offers 
no formulae or heavy theoretical models, 
still less any easy recipes for the rescue of 
our human system. He strongly urges, 
however, that systemic thinking should be 
taught and practised in schools, so that 
young people might grow up knowing 
enough about feedback loops to take it for 
granted that constraints must be accepted 
as the price of enablements. 

Human systems have become very difficult for 
human beings to maintain. They demand from 
whole populations levels of understanding and 


tolerance seldom before found even among the 
few [p.177]. 


There are two good reasons why we scien- 
tists in particular should read and ponder 
this book. The first is that it powerfully 
challenges the hopes placed in our 
profession by the dominant tradition of the 
past two centuries. 


The ideology deriving from the Enlightenment 

. has aspired to realize both liberty and 
equality ... by a self-regulating and self- 
exciting process, powered by technology and 
directed by human ‘‘reason’’. . . . The contem- 
porary outcome is the reverse of what the 19th 
century expected. An ever more scientific world 
was never less predictable. An ever more tech- 
nological world was never less controllable 
İp. xxvii}. 


Secondly, if Vickers is right (or even if he 
is not) there is an obvious need for much 
more thinking along these lines by minds 
trained in the relevant sciences and ready 


for the frustrations of cross-disciplinary 


collaboration. If a few. such are stirred to 
action by what he has written, we may all be 
the better fori it. X D, 
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_ Disease and death at 
- Shanidar 
Michael Day 


The Shanidar Neandertals. 
By Erik Trinkaus. 
Academic: 1983. Pp.502. $47.50, £35. 
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For some inexplicable reason the Shanidar 
Neanderthal remains from northern Iraq 
have never enjoyed the publicity that they 
seem to deserve. This has now been 
remedied by Erik Trinkaus; he has under- 
taken a careful study of the human bones, 
the results of which form the bulk of this 
monograph. The geology, archaeology, 
fauna and dating of the site are all touched 
upon in order to set the finds in context, but 
this brief treatment raises almost as many 
questions as it attempts to answer. 

The site is a vast limestone cavern over 
50m wide and 45m deep, set in a valley wall, 
which has given shelter to men and animals 
for many thousands of years. The exca- 
vations conducted in the 1950s by Solecki 
and Senyurek went down for 14m through 
five ‘‘strata’’ and recovered Mousterian 
tools, a modern fauna and nine Nean- 
derthal skeletons, two of which were of 
infants. The dating of the remains quoted 
by Trinkaus is of the order of 60,000- 
70,000 years BP on the evidence of two 
radiocarbon dates from an upper layer and 
“continuous sedimentation’? — tenuous 
grounds for any chronological opinion, as 
the author openly admits. 





The strength of the monograph lies in the . 


meticulous and exhaustive descriptions of 
the bones and teeth, and in the following 
attempts to assign age, sex and stature to 
each skeleton on the basis of anatomical 





observations, comparative measurements | 


and the application of formulae. The 
abundance of skeletal pathology (both 
traumatic and degenerative) provides 
opportunities for speculation as to how the 
injuries were sustained and how the group 
cared for its wounded members. These 
aspects of the work go some way to leaven 
the lump of pure anatomical description 
and ‘‘morphometrics’’. 

- The phylogenetic considerations quoted 
_. for this group are few. The Shanidar 

Neanderthals are said to be indistinguish- 
able from European and Near Eastern 









the face, the anterior dental dimensions 
-and the postcranial skeleton. Not sur- 
prisingly, this also turns out to be 
Trinkaus’s final conclusion. It may be, 

. therefore, that we are getting some inkling 
` of why the remains have never attracted the 
interest that at first sight they merit — 
perhaps they do not have much to con- 
tribute to our understanding of human 
evolution. If that is the case, then in 
compensation this detailed study does 
attempt to bring out some oblique 
sidelights on being a Neanderthaler. It is 









<- Neanderthals from other sites in terms of 
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clear that this group of short, muscular 
‘told’? men had a tough life that played 
havoc with their skeletons, producing 
osteoarthritis from overuse (and living in a 
damp cave?). They also broke their ribs, 
feet, arms and heads from time to time but 
survived to show good bony healing. The 
most deformed skeleton shows a withered 


one eye and osteomyelitis of the clavicle. 
Mercifully the children seem to have been 
quite fit when they died. 

It has been suggested before that the 
worst-injured male was killed in a rock fall. 
This now seems unlikely. Trinkaus’s new 
appraisal of the bones has prompted three 
possible explanations for the injuries. One 
is indeed a previous rock fall followed by 


survival, the second is cranial damage. 
followed by hemiplegia, the third an old. 


nerve injury that led to paralytic atrophy of 
the arm. Each of these explanations, and 
indeed the presence of severe, yet healed, 


| East include a suggestion of i 
_ and amputated arm, possible blindness of | 
masticatory use of teeth. 

















injuries on several eaten doe 
some evidence of the behavio 
Neanderthals from Shanidar —: 
the infirm is a behavioural trait 
a level of social cohesion no 
identified from equivalent 
sidelights on Neanderthal lif 


binding, intentional burial and 


Two final questions that are 
asked about Neanderthals — 
taurodont and did they have e 
bent-kneed gait? The answers are yestothe _ 
first question and no to the second. The _ 
anatomical opinion given on their loco- _ 
motion is that they enjoyed “‘normal _ 
human striding bipedal gaits” — that is, tE 


assume, when they» werenoton verutches! o 





Michael Day is Professor of Anatomy. a s : 


Thomas’s Hospital Medical School, University = 
of London. 





Our man in Africa 
Paul A. Colinvaux 


The Ecological Century: A Personal 
Appraisal. 

By E. Barton Worthington. 

Oxford University Press: 1983. Pp.206, 
£13.50, $27.50. 





IT sO happened that the collapse of the 
British Empire coincided with the final 
emergence of ecology as a major intel- 
lectual discipline. E.B. Worthington had a 
career as a very British public servant 
through these years of change. He has left a 
memoir that must be of immense value to 
future historians; a candid statement. of a 
career at the top while the African Empire 


fell and administrators learned to listen to 


ecologists. 

Worthington began expeditioning from 
Cambridge in 1927. For six years he divided 
his time between the Cam and the African 
Rift or the Nile, in the company of such 
men as L.C. Beadle and Vivian Fuchs. His 
interest in fisheries, and his view of lakes as 
units of production, at once marked him as 


one of the very few at that time with both 


experience of Africa and scientific instincts 
for resource management. Julian Huxley 
passed his name to a proconsul of the 
Indian Empire (Hailey), then charged with 
a survey of the resources of Africa, and 


Worthington became secretary to that 


project for four years. Home again, he 
spent a decade as the first director of the 
Fresh Water Biological Association’s 
laboratory, before returning to Africa on 
commission after commission. Then to the 
directorship of the Nature Conservancy 


until 1964, broken short for a last decade 
(1964-1974) as Secretary to the Inter- | 
national Biological Programme, before 
becoming a natural choice as environ- 
mental advisor to various British industrial 





consortia. All the stages of this remarkable _ 
career are set out with a frankness that _ 
illuminates the whole human system in. _ 
which Worthington lived. a 
The opportunities given by the Empire) to ee 
field naturalists were such as dreams are 
made of, and the young Worthington took 
full advantage of them.- The Cambridge a 
cachet opened frontiers, government | 
houses, guest houses and barracks. _ 
To a generation that has known — 
graduate students to be machine-gunned _ 
and research travellers thrown into sordid 
gaols for they knew not what, this isa 
remote past. I once caught the tailend ofit _ 
myself (also on an expedition from Cam- 
bridge); on coming upon a remote African _ 
village, a person ran out to assure me that _ 
the guest house was ready and they would — 


¿start cooking supper — blissful world. — 


Worthington revelled in it and tells us of - 
the life as if it were the most normal of 
existences. = 
The progression from Cambridge Si 
student to chairman of committees camè 
naturally. The friends made on expeditions: 
all rose to eminence in their respective- 
fields, but more than all of them Worthing- 
ton seems to have combined the skillsofthe 
mediator with an early grasp of the ‘‘design — 
with nature’ approach to practice 
ecology. This placed him in the counc 
the governors and these pages will 
to future historians more than ah 
social milieu and attitude of the Br 
their colonies in these transitional years. 
But the defects of the old system show _ 
through clearly enough. People trained in... 
science were extraordinarily few in 
number, so that the handful who were in at T 
the start were turned to by officialdom — 
again and again. Each appointment of — 
Worthington’s long career seems to have 
come about at the invitation of a friend of — 

















< youth, even to the final one with IBP — — 
< across a dinner table, “how would yon like 
EAD cine, | 
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Most glaring is the sexism of that system. 
When female scientists appear in the book 
they are ‘Young ladies”’ or ‘‘An attractive 
young lady’’. You will look in vain for 


reference to “Elegant gentlemen” joining 


the expedition and the text is definitely 
without ‘‘Pretty young men”. During 
Worthington’s years at the Fresh Water 
Biological station at Windermere, a 
woman started a career there whose work 


a -seems to many of us to be perhaps the most 


notable ever to have come from that 
laboratory; but her arrival is introduced 
with the information that ‘‘We put her on 
to. ..’’, a phrase not used for the work of 
any man. Worthington has honest pleasure 
in recounting that this woman is now a 
_ Fellow of the Royal Society. A cynic might 

-. Note that this richly deserved honour came 


a to her only after the first light airs of social 


change in England made some acknow- 
ledgement of women necessary. She never 
was granted chairs of national committees 
or a powerful professorship, unlike the 
males of her scientific cohort. 

With equal strength the failure of the 
Imperial British to exploit their African 
colonies comes through. Before Worth- 
ington’s generation little seems to have 
been done, even to survey or catalogue 
resources, a point made so forcibly by 
Correlli Barnett in The Collapse of British 
Power (Eyre Methuen, 1972). Africa for 
the British was a place to be governed, and 
the extraction of wealth was sufficient if 
the resulting taxes paid for the govern- 
ment. The men sent to govern thought of 
resources for hunting and fishing, even to 
the extent of a mischievous planting of 
trout in upland rivers, not of exploitation 
for their own or their subjects wealth. 
Worthington recounts how this attitude 
changed only with the advent of aware- 
ness of the value of the countryside about 
to be handed back to its native peoples. 

If the system’s warts show through in 
Worthington’s picture, it is yet clear that its 
picked man deserved the trust invested in 
him. In groping for ecological thought he 
was ahead of his time, already thinking in 


an Eltonian way about the ecosystems of 


African lakes in the year that C.S. Elton 
published Animal Ecology, the first 
- modern textbook of ecology (Sidgwick, 
1927). Some of the ecological assertions in 


- some unconscious revisionism, as when he 


talks of his early African work in the 


-` still ten years off. But he foresaw more 


clearly than most the need to plan for 


o development in what now would be called 


= an ecological way. Doubtless many of the 


last decisions of colonial governors were 


= the wiser as a result of his passion. And yet 
<> it may be that this short statement of his 
. working life, in telling of those vanished 


ae times, willbe of more lasting benefit. O 





Paul A. Colinvaux is a Professor in the 
Department of Zoology at The Ohio State Uni- 


versity, Columbus, Ohio. 






—— BOOK REVIEWS 
In the blood: the 
evolution 
of mankind 
C.O. Carter 


Biood Relations: Blood Groups and 
Anthropology. 

By A. E. Mourant. l 

Oxford University Press: 1983. Pp. 146. 
£15, $20.50. 











MANKIND has long been interested in the 
variability of his own species. The first 
classifications were inevitably based on 
physical features such as skin colour, hair 
colour and form, skeletal shape and facial 
features. These made possible the broad 
distinction between the Caucasoids in 
Europe, North Africa, south-west Asia 
and India, the Mongoloids in the Far East 
and south-east Asia, and the Negroids in 
Africa south of the Sahara. 

But external characters were not 
altogether satisfactory; their inheritance is 
complex and some characters are shared by 
unrelated populations as a result of 
exposure to similar selective forces, for 
example the very dark skin found in parts 
of Africa, India and Melanesia. So when 
the ABO blood groups were discovered in 
1900, and their Mendelian inheritance 
demonstrated in 1910 (though not fully 
elucidated until 1924), it was natural that 
analysis of their distribution should attract 
the attention of anthropologists. The first 
contribution was by the Hirszfelds at the 
end of the First World War. They were able 
to demonstrate the relatively high A 
frequency in Europeans and the increasing 
frequency of B as one moved towards 
eastern Europe and western and central 
Asia. Since then a mass of data has been 
collected worldwide for the ABO groups, 
and to a lesser extent for more recently 
discovered blood groups, plasma proteins, 
red cell enzymes and variants of the B-chain 
of haemoglobin. 

Since the end of the Second World War, 
A.E. Mourant and his colleagues have 
systematically organized the collection of 
such data and published their findings and 


those of other workers in detail. In this | 


short book, Dr Mourant has attempted a 
synthesis of all the work of preceding years. 

The origins of the differences in gene 
frequency between populations are 
mutation (the original source of diversity 
but a rare event), natural selection and 
founder effect and drift. Mutation is slow 
to produce change; natural selection may 
be relatively quick; founder effect and drift 
operate especially when populations are 
small. As to the blood genes themselves, 
the frequencies of those for the ABO 


| groups are relatively labile, of those for the | 


MNS and Rhesus factors more stable. 
Isolated populations tend to be high in O, 


probably as a result of the loss of A and B 
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fetuses of O mothers when not counter- 
acted by selective advantage of the A and B 
genes. 

Mourant considers each continent in 
turn, Africa was the only home of man- 
until about a million years ago, when at the 
Homo erectus stage men and women 
migrated to Europe, the Far East and 
Indonesia. Modern man, Homo sapiens 
sapiens, originating probably in western 
Asia, spread worldwide (including 
Australia but perhaps later to America) 
some 40,000 years ago, replacing and 
probably interbreeding with local less- 
developed varieties of man. The Sahara 
desert, however, became a formidable 
barrier to migration. It is therefore 
intelligible that in Africa south of the desert 
there are a number of ‘‘marker’’ genes 
which are rare elsewhere. These include the 
5S" allele and the Henshaw gene of the MNS 
system, the cDe haplotype of the Rhesus 


system, the Js* gene of the Kell system, the e 
Fy! allele of the Duffy system and the gene "™ 


for sickle-cell haemoglobin. The selective 
force for the latter two is malaria; 
homozygotes for the Fy* gene are almost 
totally resistant to Plasmodium vivex and 
heterozygotes for the sickle-cell gene have 
considerable resistance to Plasmodium 
falciparum. 

Turning to Eurasia and Australasia, 
Caucasoids and Mongoloids resemble each 
other more than either do the Negroids. 
Mongoloids have less k, less dand alow but 
consistent frequency of the DP gene of the 
Diego system, which is virtually absent in 
Caucasoids. Dr Mourant also discusses the 
contribution of the blood groups to several 
of the smaller scale questions in this area: 
the origin of the Basques, the Jews, the 


Gypsies, the Polynesians and the Ainu, and sę 
the relationship of the Australian 


aboriginals to tribal groups in south-west 7 
India. In addition he describes what little 
further is known about the relationships of 
blood group to susceptibility to specific 
diseases. 

Blood Relations is an admirably clear 
exposition of what may be learnt from the 
distribution of these nuclear genes. There is 
much we still do not know, however; for 
instance Dr Mourant notes that the 
polymorphism of the histocompatibility 
genes has been studied so far only in 
developed countries. But here, a powerful 
new technique is emerging, which is outside 
the scope of his book. This is the study of the 
distribution of the polymorphisms for 
restriction enzyme fragments of non- 
nuclear (mitochondrial) DNA. This DNA is 
probably transmitted only by the ovum, so is 
inherited entirely through the maternal line 
and the lineage is not obscured by 


E 


Mendelian segregation, G 





Cedric Carter died shortly before the 
publication of this review. He was Head of the 
Medical Research Council’s Clinical Genetics 
Unit at the Institute of Child Health, London, 


becoming Emeritus Professor in the University 
of London upon retirement. Among his works = 
was Human Heredity (Pelican, 1962). Bee 
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ROYAL FREE HOSPITAL 
SCHOOL OF MEDICINE 
(University of London) 
DEPARTMENT OF NEURGHOGICAL 
SCIENCE 
POST DOCTORAL 
“=< RESEARCH ASSISTANT 
Applications are invited for a post- 
doctoral research assistant to work 
on experimental myasthenia gravis, 
and to explore specific immuno- 
therapeutic strategies that might be 
applicable in man. Experience in 
eteMular immunology, immuno- 
chemistry or hydridoma work is 
essential, 

The post is in a group of basic and 
clinical scientists and is funded by a 5 
year MRC Programme Grant. Salary 
will be on Range 1A for Research 
Staff, 


Further details are available from 
the School Office, RFHSM, 
Rowland Hill Street, London NW3 
2PF or telephone 01-794 06500 
ext 4262, to which application by full 
curriculum vitae, including the 
names and addresses of two referees, 
should be submitted by 30 March 
1984 quoting reference JND/RA. 

: (1483)A 





leader. 


Department. 








UNIVERSITY 
OF EDINBURGH 


DEPARTMENT OF 
PHYSIOLOGY 


POST-DOCTORAL 
RESEARCH FELLOW 


Applications are invited for this 
MRC-funded. post to study the 
control of intracellular ion levels. 
The effects of hypoxia on intra- 
cellular pH will be of particular 
interest. lon-sensitive micro- 
electrodes for H+, Na+ and Ca? 
will be used. Some electrophysic- 
logical experience is desirable. 


The post is available for two vears 
from September 1984. Initial salary 
will be in the range £7,190 — £8,530 
on the 14 Research scale. 


Applications, including cv and the 
names of two referees should be sent 
as soon as possible to D Ellis, Depart- 
ment of Physiology, University 
Medical School, Edinburgh EHS 
9AG, from whom further 
information can be obtained. 


Please quote reference no 5158. 
(149A 


LERS 


LERS. the Pharmaceutical Research Division of SYNTHELABO has a vacant position fora: 





NATURE CLASSIFIED — 


___ LONDON OFFICE Keith Walesby 4 Little Essex Street, WC2R 3LF Telephone 01- 
AMERICAN OFFICES NEW YORK Miss Gene Fein 15 East 26 Street, New York, NY 1001! 
SAN FRANCISCO JJHS (415) 392 6794 @PASADENA JJHS (213) 796 9200 

CHICAGO Didier & Broderick (312) 498 4520 @ BOSTON CEL Assoc (617) 848 9306. 
; CANADIAN OFFICE TORONTO Peter Drake 17 Pine Crescent, Toronto, Ontario M4E ILL @ 
~ RATES UK — Rest of world — £11.00 per centimetre. Minimum 3 cm. £2 is charged for the re-direction of replies to advertiser 

CONDITIONS, The Publisher reserves the right to refuse, amend, withdraw or otherwise deal with all advertisements submi 
absolute discretion and without explanation. The Publishers will not be liable for any loss occasioned by the failure of any advertis 

from any cause whatever, nor do they accept liability for printers’ errors, although every care is taken to avoid mistake 


CANCELLATIONS MUST BE RECEIVED NO LATER THAN 5 p.m. ON THURSDAYS PRIOR TO ISSUE DATE. 


ROSWELL PARK 
MEMORIAL INSTITUTE 
Buffalo, NY 14263 


POSTDOCTORAL 
RESEARCH ASSOCIATE 


Two positions available in 1984 to 
study Neurotransmitter Receptor 
(ags aa, Bi; By, Adrenergic, 
Dopaminergic and Muscarinic 
Acetylcholine) Structure Inter- 
relationships and Function. 


Approaches involve anti-receptor 
monocional antibodies, eg PNAS 
81:272-276, 1984, target size analysis; 
eg, Mol Pharm 24:10-14, 1983 and 
receptor purification; eg J Biol Chem 
258:4842-4848, 1983, 


Salary to $20,000 depending upon 
experience, 


Roswell Park Memorial Institute is 
an equal opportunity employer. 


Send curriculum vitae, a statement 
of research interests and the names of 
three references to Dr J Craig Venter, 
Department of Molecular 
Immunology, Roswell Park 


Memorial Institute, 666 Elm Street, 
(NW396)A 


Buffalo, NY 14263. 


project leader 


The chosen candidate for this position will be in charge 
of a research unit within the group. and will participate 

in the coordination of the functions and scientific direc- 
tion of the group in close collaboration with the group 


The objectives of the Pharmacological Biochemistry 
Group are the selection and furtherevaluation, involving 
mechanism of action studies of psychotropic agents 
and other compounds within the research projects of 
the Company in relation with other groups of the 


Young and dynamic, he or she should possess an 
experience related to a: 
Ph. D. or equivalent qualification 


(neurochemist/pharmacologist) 


and have a good background of neurochemical regu- 
lation mechanisms, the related pharmacology and the 
modern biochemical techniques used in this field of 
research. 


He or she shouid have a post-doctoral experience of at 
least 3 years in this research area and a good working | 
knowledge of the French and English languages; an 
experience in the Pharmaceutical Industry would be 
appreciated. 
Place of work: Southern suburbs of Paris. 
Ailapplications will be confidentially considered an 
should be sent with a curriculum vitae to: 
LERS Direction Administrative 
58-60, rue de la Glaciére, 75013 Paris France. 






| (Telex 262024) 




















-IMPERIAL COLLEGE OF — 
SCIENCEAND © 
TECHNOLOGY _ 


PHARMACOLOGIST 


Research Officer required. to work 
within a MRC-funded neuro- 
chemistry group researching on 
neurotransmitter systems in. the 
vertebrate CNS, particularly syn- 
thesis storage and. release 
mechanisms. using in vitro pre- 
parations, ie 

Some experience of immunological 
or tissue culture techniques would be 
an asset, but is not essential, 
Applicants should be graduate bio- 
chemists/pharmacologists.up to 30: 
years of age. The post is tenable 
immediately and the appointment is: 
for one year in first instance, with 
extension possible up to four. years. 
Salary in scale £8,376 — £12,801 per 
annum. re es 

Please submit a full curriculum 
vitae to Professor H. F Bradford, 
Department of Biochemistry, 
Imperial College, London SW? 2AZ. 
(50DA 
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CARDIOVASCULAR RESEARCH 
RENAL PHYSIOLOGIST! 
PHARMACOLOGIST 


We are looking for a young Scientist to join one of our discovery research project 
teams seeking new drugs against cardiovascular disease. He or she will 


Direct studies on the renal effects of novel compounds 

Help formulate overall project goals 

Provide renal physiological expertise to other discovery projects 
Supervise a small team of graduates/ technicians 


x * * * 


The person we seek must have had a broad initial training in animal physiology or 
pharmacology and have acquired post-graduate or post-doctorate experience in 
renal research. We need, above all, a communicative ideas-person who is highly 
competent as an experimentalist and versatile enough to adapt to the needs of 
different projects. 


We are currently expanding our well-equipped laboratories at Sandwich on 
the Kent Coast. Our working and social conditions are excellent, as are our 
general terms of employment. Relocation expenses will be paid. 


if the idea of this post attracts you and you are looking for a long term 
research career with a major pharmaceutical company please send full 
details of your qualifications and experience to: D. W. Sells, Personnel 
Manager, Pfizer Central Research, Sandwich, Kent. (1465) A 








ST THOMAS’S HOSPITAL 
MEDICAL SCHOOL 


(United Medical & Dental 

B E R Li N Schools) pete SE 1 EH 

— A RESEARCH ASSISTANT 
FR E I E U N IV E R S ITAT | IMMUNOCYTOCHEMISTRY 
B E R LI N Applications are invited for the post 


: of Research Assistant in the Depart- 
Fachbereich Natur- und 


ment of Histopathology at St. 
Thomas’s Hospital Medical School. 


sozialwissenschaftliche A li localization of 
Gru ndlagen- -medizin und aes e i lung carcinoma, 
medion — Institut [ff eaeoe 

: . ur ysioiogie 
~HOCHSCHULASSISTENT/ IN 


Í Research associate position available in experimental 


the department, and the development 
of immunohistological techniques 
for paraffin and resin sections. 


The position is suitable either for 


E f an MLSO with an interest in research, 
§ neurophysiology (Head: Prof. Dr. O. J. GRUSSER). Research deals or for a graduate, but previous work 


with neurophysiology of the oculomotor and vestibular systems in FEE | experience in practical histology is 
g awake monkeys (macaques). Experience in one or more of the HMB | essential. The research will be under 
§ following areas essential: micro-electrode recordings of the brainof FEE | the direction of Dr E Heyderman, to 
I awake animals; neuroanatomy, in particular cytoarchitectonics of whom the successful candidate will 


| cortex, oculomotor system. Appointment includes teaching duties Jj | be accountable. The terms and 


E (4 hours a week during the term, practical course in physiology for JE- conditions of service will either be 
F medical students). : under the Professional and Technical 
ia Whitley Council B scheme with a 


s d l 7,441 , pl 
i Appointment for 3 years initially, renewable (on the condition that $ ‘i “Od > p nee ai m ai a p re 


| ‘scientific efficiency and success has been attained) for another 3 Weighting, or as a Research Assistant 
i years. Salary according to age, about DM 3.500, per month. s (graduate) up to £7,190 per annum, 
£ $ plus £1,186 per annum London 
cation and names of referees to be sent to: Freie f Allowance, according to experience. 
ersitat Berlin, Fachbereich Natur- und sozial- f The appointment will be for one year 
nschaftliche Grundlagenmedizin und medizinische f in the first instance. 


av-Meyer-Straße 7, D-1000 Berlin 33, West- : @ io Applications to Dr Hyderman, 
ference no. 2 020010. | (W833)A HER Dept of Histopathology, together | 
PERA K Í mith a shelisel ad woes: names 
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| Lecturer H 

Senior Lecturer 
in Geophysics 
£7,215 — £13,443 j 
(Pay award pending) 


} 
i 
f 
j 
i 


j 

| 
(Level of appointment and 2 
starting salary dependent upon | 
qualifications and experience) | 
To teach on honours | 
undergraduate courses in 
geology and initiate research. 
Candidates should have a i 
strong geological background | 
with either a proven record of | 
research or industrial l 
experience in subsurface 
geophysical techniques. A 
willingness to integrate basic i 
computing and numerical skilis | 
into geology teaching would 
be an advantage. 


Application forms, to be 
returned by 13th April, 1984, 
can be obtained with 


| 
: 
, 
| 
| 
| 
| 
| 





further particulars from the | 

Personnel Officer, 

Plymouth Polytechnic, 

Drake Circus, Plymouth PL4 

BAA. Telephone: Ba ena 

(0752) 264639. (1498) A - 
PRE 


ia SRN eNO Nc a AD AOA 


Sassoon SOA NDS DE SAN LNA DRM MNES ne 


e 


a 


UNIVERSITY OF 
CAMBRIDGE 


UNIVERSITY LECTURER IN | 


THE DEPARTMENT OF ~ 
ANATOMY 


Applications are invited for a 
University Lectureship, the 
appointment to commence on 1 
October 1984. Candidates should be 
graduates in medicine or science with 
substantial experience of teaching 
and research. The person appointed 
will be expected to teach in 
topographical and other aspects of 
Anatomy, and to do research for 
which thre are excellent facilities in 
the Department. 


The appointment will be for three 
years, with the possibility of 
reappointment to the retiring age. 


NATURE VOI WE 22 MARCH 1984 





The pensionable scale of stipends, — 


for persons not ordinarily resident in 


College, is £9,875 a year, rising by | 


eleven annual increments to £15,085. 
There is no grade of Senior Lecturer. 






Further information about the : 


duties and conditions of appointme 
may be obtained from the Secretary 





of the Appointments Committee for = 
the Faculty of Biology ‘B’, 19 | 
Trumpington Street, Cambridge, oe 
CB2 IQA, to whom applications 
including a curriculum vitae, list of 





publications and the names of not. 
= more than three referees, should be 
| sent so as to reach. him not later 
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LONDON SCHOOL OF 
< HYGIENE AND TROPICAL 
/ MEDICINE 
_.. (University of London) 
~ Keppel Street WCIE 7HT 

- THE WOLFSON UNIT OF 
7 MOLECULAR MEDICAL 
MICRCBOLOGY AND 

PARASITGLOGY 


- Applications are invited for two 
LECTURER OR POST- 
DOCTORAL FELLOW 


-positions, as lecturer or post-doctoral 
fellow, in this new unit, formed to 
utilize gene-cloning techniques in the 

Study of major pathogens. 
Candidates must have experience in 

recombinant DNA technology. The 

¿work will be conducted in 

_ laboratories involved in investigating 

the molecular biology of Vibro 
cholerae and Leishmania donovani 
with special reference to diagnostics 
and vaccine development. 


Appointments will be for up to 
three years initially on the relevant 
“UK university salary grades and 
ales. 








© Applications, identifying the level 
of post and consisting of full 
curriculum vitae and names of three 
professional referees, should be sent 
to the Senior Assistant Secretary at 





the School by | May 1984. (1514)A 
ANATOMY & CELL 
BIOLOGY 


Applicants are solicited for a tenure 
stream faculty member to supervise 
the medical gross anatomy program. 
The person should also have a strong 
research program compatible with 
the activities of this developing 
department. 


For further information or con- 
“sideration, please contact. or send 
fCurriculum Vitae and names of three 
Preferences no later than June 15, 1984 
- to? Dr Raymond D Lund, Depart- 

ment of Anatomy & Cell Biology, 
University of Pittsburgh School of 
Medicine, 820 Scaife Hall, 3550 
Terrace Street, Pittsburgh, PA 
15261. 


Salaries are dependent on 
experience and qualifications. The 
University is an Equal Opportunity/ 
Affirmative Action Employer. 

(NW407)A 
















ALABAMA NATIONAL 
> CYSTIC FIBROSIS BASIC 
l RESEARCH CENTER 

The Schools of Medicine and 
Dentistry are seeking a senior 
individual to develop a strong 
| Cystic Fibrosis Basic Science 
Research Program. The principal 
«t focus of this Center will be 
-4 molecular and cell biology with the 
urpose of understanding the basic 
etiology and pathogenesis of the 
“|.disease. Nomination, curricula 
“| vitae, and application should be 
4 submitted to: Antonietta D. Hyche, 
{Administrative Officer, University 
{of Alabama School of Medicine, 
{Dean's Office — MEB 306, 
Birmingham, Alabama 35294. An 
{Equal Opportunity/Affirmative 

Action Employer. 
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VIRGINIA INSTITUTE OF 
MARINE SCIENCE 
FISHERIES MOLLUSCAN 
BIOLOGIST 


Applications are invited for a tenure 
track faculty position in fisheries 
molluscan biology. The position is at 
the assistant or associate professor 
level in the Department of Fisheries 
Science, School of Marine Science/ 
Virginia Institute of Marine Science 
(VIMS), College of William and 
Mary at Gloucester Point, Virginia. 
Candidates must have a PhD. in 
marine ecology, oceanography, or 
fisheries science, Experience is 
required in moliuscan biology, 
statistics and marine field ecology. 


The incumbent will be expected to 
develop and supervise a research 
program on molluscan biology with 
initial emphasis on causes for 
declines and interannual fluctuation 
in recruitment in the Chesapeake Bay 
and Virginian tributaries. The 
incumbent will supervise the ongoing 
30-year monitoring program of 
oyster recruitment, condition 
indices, and mortality. 


VIMS serves as the mandated 


scientific advisory institution to state | 


and regional fisheries. management 
agencies, and as such the incumbent 
would be called upon periadically to 
serve on committees or advise such 
agencies. 


The position, in the School of 
Marine Science, includes contribu- 
ting to the academic program in the 
conduct of formal course offerings 
and direction of graduate student 
programs and research. 


Prior to | May 1984, applicants 
should submit a vitae, statement of 
research interests, and the names and 
addresses of three references to: 
Herbert M Austin, Chairman, Search 
Committee, VIMS, Gloucester 
Point, Virginia 23062. 


An EEO/AA | Employer. 
Minorities and women are 
encouragedtoapply. (NW402)A 





BIRKBECK COLLEGE 
(University of London) 
DEPARTMENT OF 
CRYSTALLOGRAPHY 
POSTDOCTORAL 
RESEARCH ASSISTANT 
Applications are invited for a post- 
doctoral research post funded by a 
three year SERC project grant, to 
study the importance of solvent 
effects on the stability and transitions 


of the different helical forms of 


nucleic acids. This is a theoretical 
project using both computer 
simulation and computer graphics 


techniques, A background in |- 


biophysics involving macro- 
molecular structures, energy 
calculations or computer simulation 
techniques would be appropriate. 
Appointment will be made on scale 
£8,080 — £8,530 — £8,975 pa 
+£1,186 pa London Weighting. 
Supervisor of the project will be Dr 
Julia Goodfellow. 


Applications in duplicate to 
include full cv.and- names and |. 
| addresses of two referees should be 


sent to the Assistant Secretary 
(Personnel), Birkbeck College, Malet 
Street, London WCIE 7HX. PF 

TEE (1489)A . 


-By April 19th 1984. 








CSIRO 


RESEARCH SCIENTIS 
SENIOR RESEARCH 
DIVISIONOFSOILS 
CANBERRA ACT è 


CSIRO conducts scientific and technological research in laboratories : 


located throughout Australia and employs about 7,500 staff, ofwhom f 
some 2,900 are professional scientists. The Organization's research $ 
activities are grouped into five Institutes: Animal and Food Sciences, $ 
Biological Resources, Energy and Earth Resources, Industrial — 


Technology and Physical Sciences. The CSIRO Division of Soilsisa f 
Member of the Institute of Biological Resources. 2 ital 
FIELD: Soil physics and physical chemistry. ae 
GENERAL: The CSIRO Division of soils studies the physics, che 


istry E 


and biology of soil and other porous media, together with the $ 
integrative disciplines of pedology and geomorphology. It also seeks = | 
the application of its research in agriculture, and in other areas of F 


science and technology. The Division has laboratories in Adelaide, 
Brisbane, Canberra and Townsville. ee 


The Division is strengthening a research program dealing with the F 
physical and mechanical properties of clays, clay soils, and colloidal. f 
suspensions. These properties derive from interactions. between the f 
mineralogy, the structure and the physical chemical of thesystem. The f 
situation is complicated by water and soluble salt movement relative to: 


the colloid. Bra: fh 
DUTIES: The appointee will provide theoretical support for this f 


program and in particular would be expected to undertake researchin $ 
some of the following areas: thermodynamics of clay soils, stress fields f 
in clay soil during water content change and loading and their f 
relationship to shear and consolidation, physical chemistry and f 
mechanics of aqueous solution flow in clay soil in relation to soil f 
structure, mechanical properties, including the rheology and structural: $ 
stability of staturated and unsaturated clay soils, and clay suspensions: E 
QUALIFICATIONS: A PhD degree or equivalent qualifications, with F 
demonstrated research ability and training, for example, insoilphysics, F 
soil mechanics, physical chemistry, and/or applied mathematics: ss $ 
LOCATION: The appointee will be based in Canberra, Act. Bee) | 
TENURE: The appointment is for an indefinite period, following f 
satisfactory completion of a probationary period. Australian f 


Government superannuation benefits are available. : 


APPLICATIONS: Stating full personal and professional details, the _ 


names of at least two referees, and quoting reference No A0525, should of 
be directed to: sae Gee oe 
The Chief 

CSIRO Division of Soils 
GPO Box 639 
CANBERRA ACT 2601 pie Ee 
AUSTRALIA 7 B 
waaa f 





| UNIVERSITY OF GUELPH f 
DEPARTMENT OF MOLECULAR BIOLOGY 
AND GENETICS i 
A new Department of Molecular Biology and Genetics Kas recently. 
been established by the University Senate. A search is being. 
initiated for a departmental chairperson who is dedicated to 
excellence in research and teaching who will direct this department. 
during its formative stages in attracting new faculty and developing | 
new courses and/or programs. The group of individuals who will. 
form the nucleus of, or who will be associated with; this ey 
venture include those with research interests in cell_and molecul 
biology of gene expression, developmental biology, and ge 
recombination. A new facility is being constructed to house the 
department. 
In accordance with Canadian immigration requirements, priority — 
will be given to Canadian citizens and permanent residents of 
Canada. This position is subject to final budgetary approval. 





Applicants should send Curriculum Vitae and thenamesofat | 


least three referees before May 1, 1984, to: Bruce H. Sells, f 
Dean, College of Biological Science, University of Guelph, - 
Guelph, Ontario, CanadaNiG2W1. ss (NW389)/ 
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National Institutes of Health 


National Cancer Institute 





SUPERVISORY 





, The National Cancer institute has an opening for Chief of 
“the Chemical and Physical Carcinogenesis Branch of the 
Carcinogenesis Extramural Program. 
| Duties include planning, developing, directing and man- 
caging a national extramural program of basic and applied 
“research concerned with the occurrence and inhibition of 
cancer caused or promoted by chemical or physical agents, 
acting separately or together, or in combination with biologi- 

cal agents. 
| The position requires extensive knowledge of the scien- 

tific basis of chemical and physicai carcinogenesis research; 

experience in planning, administration and evaluation of 
_research carried out under the grant, contract and coopera- 
-tive agreement mechanisms, experience with effective per- 
“sonnel management and supervision as well as experience in 
¿dealing with interrelationships between governmental, 
“educational, industrial, and private research concerns. 

in addition to three years of appropriate experience, 

‘minimum educational requirements include a 4 year course 
of study in an accredited college or university leading to a 


MICROBIOLOGIST/BIOLOGIST/CHEMIST 





bachelor’s degree with major study in chemistry or biology. 
A doctorate or equivalent training in molecular biochemistry, 
pharmacology or biology is desirable. 

This is a Civil Service Career-Conditional Appointment 
under the Merit Pay System at the GM-15 level with a salary 
range of $50,252 to $63,652 depending upon the qualifica- 
tions of the applicant selected. Benefits include Civil Service 
Retirement, life and health insurance. This is a supervisory | 
position and may require the incumbent to serve a one year uc 
probationary period. U.S. citizenship is required. 

Submit application (SF-171, Personal Qualifications 
Statement), current performance appraisal and names of 3 
references to: 


Ms. Rados, Cancer Personnel Office 
Bidg. 31, Rm. 3A-35, 9000 Rockville Pike 
Bethesda, MD 20205, Tel: 301/496-6864 
Applications must be received or postmarked by April 6, 1984. 
NIH is an equal opportunity employer. 





(NW362)A 








Faculty Openings 


Massachusetts Institute of Technology (MID. Whitaker 
College of Health Sciences, Techno ogy and Manage- 
ment, announces openings for junior faculty in systems 
neuroscience. Successful candidates will be engaged 
in research related to sensory and/or motor neuro- 
--seiencesto complement a broad program in neurobiology. 


Candidates are expected to hold a Ph.D. or an equiva- 
lent doctoral degree with substantive research accom- 
plishment and a solid, rigorous. background in physics, 
.. mathematics or engineering. Ability to teach under- 
graduate and graduate level courses and fo develop a 
> $lrong research program. 


New faculty will receive a joint appointment within the 
Whitaker College and within another appropriate MIT 
. department such as Aeronautics and Astronautics, Elec- 
_ tical Engineering and Computer Science, Mechanical 
Engineering, or Psychology. 


Interested applicants should send curriculum vitae, a 
_ short statement of proposed research, and the names 
_of three references by June 1, 1984 to: 


Chair, Systems Neuroscience Search Committee, 

| Bldg. E25-526, Massachusetts Institute of Technology, 

77 Massachusetts Avenue, Cambridge, MA 02439. 
ee | eae ANWAR 








SENIOR EDITOR 


The Scientific and Medical Division of Macmillan Press publishes 
scientific and medical monographs, symposia proceedings and learned 
journals. It is looking for a senior editor to assist in its growth. He/she 
will be expected quickly to assume responsibility for the Division's book 
programme and work closely with the Publisher to make a positive 
contribution to the commissioning and management of the Division’s 
academic journals list. 


This is a key appointment and candidates will be expected to. 
demonstrate a proven commissioning record. A scientific publishing . 
background, in either life sciences or medicine, is essential. 


This appointment is based in Basingstoke. 


Applications in strict confidence to: 


Sheilagh Browne 
Personnel Manager 

The Macmillan Press Ltd. 
Houndmills 

Basingstoke, Hants. 


RG21 2XS (26DA 
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Nos résultats en témoignent et permettent une progression jamais démentie, 


Nous étoffons encore nos effectifs en 


pharmacologie 


et recrutons; 


e 1 CADRE spécialisé en PHYSIOLOGIE, niveau | « 2 TECHNICIENS SUPERIEURS EN PHARMACO- 
3eme cycle, pour un secteur orienté vers la LOGIE, niveau DUT biologie. Secteur CARDIO- 
ventilation et circulation pulmonaires, VASCULAIRE notamment. 


+ 1 CADRE spécialisé en TECHNIQUES BIOCHI- 
MIQUES, niveau 3eme cycle, pour des ap- 
plications à la pharmacologie (dosages, liai- 
sons récepteurs, métabolisme...) 



















* 1 TECHNICIEN SUPERIEUR pour un service de 
BIO-INFORMATIQUE. Connaissances en élec- 
tronique souhaitées, 





Les moyens de travailler, un salaire motivant et la possibilité de rejoindre une Entreprise 
performante vous sont proposés, | oe 
N'hésitez donc pas à écrire, en joignant CV. + photo., sous référence 6072 a Média-System, 
104 rue Réaumur 75002 Paris qui transmettra. ee ee 


-< média-system 








CELL AND MOLECULAR BIOLOGY | 
The Department of Biochemistry invites 
applications for faculty 


(Assistant/ Associate Professor) 


positions in these areas. Preference will be given to applicants with $ 
expertise in regulation of gene expression who pian to study or are = E 
studying contemporary problems in eukaryotic molecular genetics, | a 
using recombinant DNA and/or monoclonal antibody techniques: E 
Applicants should have broad training in biochemistry and — $ 
molecular biology and will be expected to maintain and ordevelopa — E 
funded research program of high quality and to participate in the- 
graduate and professional school teaching programs of the- 
department of biochemistry. ae 
Applicants should send curriculum vitae, names of four | 
individuals who may be contacted for reference, and a- 
summary of research interests or on-going project to: Ifeanyi | 
„Arinze, PhD, Chairman, Department of Biochemistry, 
Aeharry Medical College, Nashville, TN 37208. Meharry 


NINEWELLS HOSPITAL — DUNDEE 

SENIOR CYTOGENETICIST/ 
CELL BIOLOGIST 

SENIOR BIOCHEMIST GRADE 


P Applicants with experience in cytogenetics and/or tissue culture are 
$ sought for this post in the Cytogenetics Laboratory, Ninewells Hospital, 
Dundee. The laboratory is responsible for cytogenetic services for Tayside 
BArea. The successful applicant will be concerned primarily with the 
_gantenatal screening service but will be expected to participate in all of the 
-§ laboratory's activities. The laboratory is also supported by the University 
-gand there are good opportunities for research. 

„Applicants should have good honours degree in a biological subject and- 
ypfour. years of relevant postgraduate experience. Applications should 
clude a curriculum vitae and the names of two referees and should be sent 
efto Personnel Officer, District Personne! Department, Dudhope House, . 
15 Oudhope Terrace, Dundee. Envelopes should be marked strictly. 
confidential. : re 
Or. M. Faed, Department of Pathology, Ninewells Hospital, 
{telephone Dundee 60111 ext 2680 would be pleased to discuss this vieharry Medical Colle 3 3 . Meharry 
[post and give any further information. <P Medical College is an Equal Opportunity/ Affirmative Action - 
- | Closing date for receipt of application forms is 8th April, 1984. ETE Employer. | (INW39ZJA 
Eoo ae pele? oe . {147B)A 2 i‘. 2 See a 
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BUREAU OF METEOROLOGY 
RESEARCH CENTRE 


MELBOURNE — AUSTRALIA 
SALARY $A55050 


Applications for the position of Chief Scientist to lead 
the recently created Bureau of Meteorology Research 
Centre (BMRC) are invited fram scientists with an 
established record of personal research achievement 
and leadership in on appropriate field of science, 

The Chief Scientist will be responsible for the 
leodership, scientific direction and coordination af the 
research programs of the BMRC and will be encouraged 
to promote active collaboration with appropriate 
divisions of the Commonwealth Scientific and Industrial 
Research Organization (CSIRO), universities and other 
institutions, both in Australia and overseas, conducting 
research in relevant areas. 


GENERAL 


The Bureau of Meteorology is established within the 
Commonwealth Department of Science and Technology 
and has a total staff of approximately 1 700 located 
throughout Australia. The Bureau, as the notional 
meteorological authority, is responsible for the 
provision of meteorological services throughout 
Australia and its territories and for the conduct of 
meteorological research. To meet these diverse 
responsibilities it operates modern facilities, many at 
the forefront of technology, including a major centralised 
computing installation. 

Following a recent reorganisation the Bureau will be 
substantially upgrading its meteorological research 
role through the establishment of the BMRC which wil! 
operate as an essentially self contained research 
institute, [tis proposed that the Centre will be staffed 
by o mix of Research Scientist and Meteorologist 
classifications with appropriate internal computing, 
administrative ond technical support. Its role will be 
to serve as a national meteorological research facility. 
In this context the purpose of the BMRC will be the 
advancement of meteorological science with emphasis 
on improved understanding of Australion weather and 


climate and improvement in the quolity of the Bureau's 


services, 
A salary of $55050 will be offered to the successfu! 


applicant. Current salaries are adjusted half-yearly to 


account for general community cost of living increases, 
CONDITIONS 


The successful applicant will be offered an initia! 
fixed term engagement for an agreed period as Chief of 
the BMRC. Re-engagement for a further period may be 
available. Appointment to an appropriate permanent 
position within the Bureau may also be available to the 
successful applicant should the initial term appointment 
of Chief of BMRC not be renewed. 

Conditions of service include 4 weeks’ annual 
recreation leave, cumulative sick leave, 3 months’ 
long service leave after 10 years, an annual leave 
loading and a comprehensive superannuation scheme. 
Assistance with removal costs will also be available, 


-if required, 


| Telephone enquiries may be directed to 
Dr D J Gauntlett, Deputy Director (Research and 
Systems) Telephone : Melbourne 669 4371 
Applications stating full personal and professional 
details and the names of at least three referees should 
reach: 


Director of Meteorology 
PO Box 1289K 
MELBOURNE Vic 3001 
AUSTRALIA 








by 30 April 1984 (W829) A 
— ||| POSTDOCTORAL FELLOW 















Mapping of.surface receptors of 
| macrophages and tumor cells by 
{| energy transfer. Inquiries, CV, refs | 
| to. Dr. S. Haskill; Lineberger Cancer 


en replying to J] akeke oe martes aan 
“advertisements | || of North Carolina, Chapel Hill, NC | 
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The International Laboratory for Research on Animal Diseases 
(LRAD), Nairobi, Kenya is an internationally funded institution with the 
mandate to develop improved methods of control for two major 
diseases of livestock, trypanosomiasis and theileriosis. The _ 
multidisciplinary research programme includes biochemistry, 
molecular biology, immunology, cell biology, pathology and para- 
sitology with appropriate supporting units. Applications for the 


following positions are invited: 


Iimmuno-parasitologist Ref: SC/ L1/ 84/1 


A scientist to conduct comparative investigations on mechanisms of 
resistance to African. pathogenic trypanosomes in susceptible and 
naturally resistant vertebrate hosts. Applicants should have a first 
degree in biology, medicine, or veterinary medicine and a doctorate in 
immunology or parasitology with at least 5 years of post-doctoral 
research experience in the field of host-parasite interactions, preferably 
in the area of protozoology. Experience of research in wildlife and/or 
domestic livestock would be an advantage. 


Cell Biologist/ Biochemist Ref: 


PD.L1/ 84/1 


a 
ea 


A post-doctoral fellow to study biochemical characterisation of 
salivarian trypanosome populations. Applicants should have 
completed a PhD in a relevant research area of biological science, 
preferably with recent experience in the use of isoenzyme biochemistry 
or related techniques for characterising cells and their products. 
Knowledge and experience of protozoan parasite biochemistry, would 


be an advantage. 


The above positions are international staff positions and salaries will be 
paid in US dollars. Initial salary level will be determined by qualification 
and experience. Moving, housing, commutation, and education 
allowances are paid and there are medical and retirement benefits. 
Applications should include a current curriculum vitae and the names 
and addresses of three referees. Applications, citing the reference 
number should be sent by 31st May 1984 to: 
Chief Personnel Officer 


LLRA 


D. 


P.O. Box 30709 


NAIROBI 
Kenya 


(W845) A 





BEATSON INSTITUTE FOR 
CANCER RESEARCH 


POSTDOCTORAL 
RESEARCH 


Applications are invited from 
scientists with some experience in 
molecular biology to join a group 
studying the structure and function 
of gene(s) coding for a haemato- 
poietic growth factor in normal and 
leukaemic cells. Appointment will be 
to the University Research Staff 
Range 1A (£8,530 to £11,615). 


Applications with curriculum vitae 
should be sent to Dr I B Pragness or 


Dr N M Wilkie, Beatson Institute for — 
Cancer Research, Garscube Estate, 


Bearsden, Glasgow G61 IBD, 
Scotland. (1500A 





CELL BIOLOGIST, Research 
Faculty Position: University of 
Nebraska Medical Center. PhD cell 
biologist or biochemist with at least 
two years of postdoctoral experience. 
Individual wili play a major role inan 
ongoing, broad research program in 
membrane biogenesis and the role of 
the cytoskeleton in the liver. Salary 
competitive and flexible depending 


| on qualifications. CV to Dean J 


Tuma, PhD, Liver Study Unit, VA 
Medical Center, 4101 Woolworth 
Avenue, Omaha NE 68105. An Equal 
Opportunity/Affirmative Action 


Employer. 0 3.0 (NWA 4 4 









SOUTH MANCHESTER A 
HEALTH AUTHORITY i 
CHRISTIE HOSPITAL AN. 
HOLT RADIUM INSTITUT 3 
RESEARCH TECHNICIAN © 
Required immediately for work in the 
Section of Immunology under the 
direction of Dr Michael Moore. 
Applicants should possess an HNC 
equivalent qualification or BSc and 
preferably have some experience in 
cellular immunology or monoclonal 
antibody techniques. Salary £5,491 
— £7,747 according to experience. z 
Application form from the 
Laboratory Manager, Paterson 
Laboratories, Christe Hospital and. 
Holt Radium Institute, Manchester. 
M20 9BX, enclosing SAE and 






| quoting Reference No PL 84/7, 


(477A © 








RESEARCH 

ASSISTANT 
Required as soon as possible to" 
assist in a human fertility project. } 
The work involves tissue culture © 
techniques and may involve | 
animal embryo work. Experience | 
in cell biology may be helpful, 










Salary negotiable. 
Further details from Dr Glatt. 






Tel: 01-8354760, (1493) | 












UNIVERSITY OF MIAMI 
-> ROSENSTIEL SCHOOL OF 
- MARINE AND 

<- “ATMOSPHERIC SCIENCE 


VISION OF METEOROLOGY AND 
ATMOSPHERIC SCIENCE 


FACULTY POSITION IN 
METEOROLOGY 


Applications are invited for a tenure- 
track or tenured faculty position in 
the Division of Meteorology and 
Physical Oceanography in the 
Rosenstiel School of Marine and 
Atmospheric Science of the 
University of Miami. The rank and 
salary will be negotiated depending 
upon qualifications. The applicant 
Must. hold a PhD in atmospheric 
science, or closely related field, and 
“have a thorough knowledge of large- 
scale atmospheric dynamics. We are 
especially seeking applications from 
those interested in climate dynamics, 
including observational studies of all 
‘aspects of the general circulation and 
«its interannual variability, although 
e,falified candidates in other areas 
_ are also encouraged to apply. The 
“/ successful candidate will be free to 
- pursue an active research program 
with a limited amount of graduate- 
level teaching. Applicants should 
submit curriculum vitae and the 
names of three references to: Dr Eric 
J Pitcher, Chairman of Search 
Committee, Rosenstiel School of 
Marine and Atmospheric Science, 
University of Miami, 4600 Ricken- 
< backer Causeway, Miami, Florida, 
33149. 


The University of Miami is a 
private, independent, international 
-university and is an Equal Opportun- 

ity/Affirmative Action Employer. 

(NW385)A 
















UNIVERSITY OF 
NEWCASTLE UPON TYNE 
CANCER RESEARCH UNIT 

JUNIOR RESEARCH 
ASSOCIATE 


Applications are invited from science 
graduates for a temporary appoint- 
ment of Junior Research Associate to 
“assist in a research project 
investigating the effects of inhibitors 
of the enzyme NAD* -ADP ribosyl- 
- transferase on DNA repair following 
= the- action of cytotoxic drugs on 
“cultured cells which is financed by the 
~ North of England Cancer Research 
_ Campaign. The work will involve the 
-use of various biochemical 
-techniques in addition to cell culture. 
-The appointment is available to be 
-made as soon as can be arranged and 
will be for a maximum of three years. 
_, Commencing salary will be £6,310 pa 
on the Range IB scale £6,310 — 
25,530 pa. 


«« Applications giving age, qualifi- 
cations and experience, together with 
a full curriculum vitae and the names 
of two referees should be submitted 
to Professor A L Harris, Cancer 
Research Unit, Royal Victoria 
Infirmary, Newcastle upon Tyne, 







~ NEI 4LP, not later than 9th April | 


| Institute, Rye, New York, 10580. || h 






UNIVERSITY COLLEGE 
DUBLIN 


SEISMIC 
EXPLORATIONIST/ 
ORGANIC 
GEOCHEMIST 
(Funded Appointment) 


Applications are invited for a full- 
time academic appointment in 
the Department of Geology. The 
appointment will be made at the 
College Lecturer level for an initial 
period of two years. This position 
is funded by the Petroleum 
Affairs Division of the 
Department of Energy and by the 
petroleum industry. Provided 
continued funding proves satis- 
factory the contract may be 
extended. The successful candi- 
date will probably have a PhD 
degree and several years 
experience in industry. The 
College will be particularly 
interested in candidates with 
background in ` seismic 
exploration or organic geo- 
chemistry, The appointee will be 
expected to take a major part in 
the new M.Sc. course in Petro- 
leum Geology scheduled to start 
in October 1984 and should thus 
be available to take up the 
position in. August/September, 
1984. Other teaching duties will 
include contributing to relevant 
parts of the undergraduate 
curriculum. He or she will be 
expected to develop an active 
research programme in 
collaboration with the industry. 
Opportunities also exist for 
collaboration with other staff in 
the Department and the College. 
The current salary scale for 
College Lecturer is IR£12,981 — 
IRE17,873. Entry will be at a point 
in accordance with qualifications 
and experience. 

Prior to application, further 
information (including 
application procedure) maybe 
obtained from the Secretary 
and. Bursar, University 
College, Belfield, Dublin 4. 
Telephone. enquiries: 693244 
ext 431. 

The closing date for receipt of 
completed applications is 
Thursday, 5th April, 1984. 
(1459)A 




































































2 POSTDOCTORAL 
POSITIONS AT 
Sloan Kettering Institute 
Rye, New York 
Applications are invited from recent 
PhDs for 2 post doctoral positions 
to study the structure/function 
relationship of DNA polymerases. 
Experience in protein chemistry and 
enzymology required for cone 
position, while the second position 
requires familiarity with molecular 
biology technique and tissue 
culture, Salary range: $15,000 — 
$18,000 per annum depending on 

the experience. 


Send applications with 2|] 


supporting letters to Dr. M. Jd. 
Modak, Head, Department of 
Animal Virology, Sloan Kettering 


. 15 East 26th Street 

-f New York 10010 

fp USA | 
- Tel: (212).689 5900 




















RESEARCH SCIENTI! 

SENIOR RESEARC 

SCIENTIST 
$A24,344 — $A35,806 _ 


CENTRE FOR IRRIGATION RESEARCH _ 
GRIFFITH NSW AUSTRALIA — 


FIELD: Algal Physiological / Ecology. 


CSIRO: conducts scientific and technological research in laboratories. 
located throughout Australia and employs about 7,500 staff, of whom 
some 2,900 are professional scientists. The Organization's research _ 
activities are grouped into five Institutes: Animal and Food Sciences, _ 
Biological Resources, Energy and Earth Resources, Industrial 
Technology and Physical Sciences. ae 


GENERAL: This. position is located at the CSIRO Centre for-Irrigation 
Research (a component of CSIRO’s Institute of Biological Resources) 
at Griffith, NSW, Ee 

The Centre has two research programs: Water. Resource 
Management and Irrigation Cropping. It is well equipped ‘with — 
laboratory, greenhouse and field facilities, a library and computing - 
services. Research program at the Centre form the basis for several 
collaborative studies with other CSIRO Divisions and other institutions. 
This appointment is part of a new initiative within the Water Resource 
Management Program to expand its limnological research endeavours. 

The Centre for Irrigation Research is located at Griffith about 800 km 
north of Melbourne and 659 km west of Sydney. The town hasa 
population of about 14,000 and is situated in a well developed rural - 




















centre, with good educational and recreational facilities. 


DUTIES: To investigate major nutrient uptake by algae in Australian. 
freshwaters. In particular, to investigate the biological availability of. 
nutrients associated with suspended particulate matter in collaboration 
with other scientists. The aim of these studies is to formulate and ~ 
evaluate management options for minimising eutrophication in the 
Murray-Darling System, within which Griffith is centrally located. Ces 





TENURE: Indefinite with Australian Government superannuation 
benefits available. Re ee ET 
APPLICATIONS: Stating full personal and professional details, the 
names of at least two referees, and quoting reference No A0598 should 
be directed to: eee Gy 
The Officer-in-Charge 

CSIRO Centre for Irrigation Research 
Private Mail Bag 

GRIFFITH NSW 2680 oe 
AUSTRALIA ae 
By April 27th 1984. (W842)A 

CSIRO IS AN EQUAL OPPORTUNITY EMPLOYER 


BIOTECHNOLOGISTS! 


Are you reading Bio/Technology, the International Journal for 
Industrial Biology? PE 


For a free sample copy of this new monthly Journal from the Publishe 


of Nature, please write or phone: 


Mirta Soto 
Bio/Technology 


Felicity Parker 
Bio/Technology | 
Houndmilis Industrial Estate 
Brunel Road, Basingstoke 
Hampshire, UK 3 
Tel.: (0256) 29242 | * oe 
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THE IRISH EQUINE CENTRE 


DIRECTOR 

-= The Irish Equine Foundation invites applications for the 
- post of Director of the new Irish Equine Centre. The Irish 
Equine Centre is located at Johnstown, Naas, County 
_ Kildare, Ireland and will be engaged in the investigation, 
_ diagnosis and research into equine diseases. Phase 1 in 
-the development of the Centre will include departments 
of pathology, bacteriology, virology and 
immunohaematology. 


Applicants should have a registrable veterinary quali- 
fication. The successful candidate will have a doctorate 
- or its equivalent, a distinguished research career and 
promise of administrative skills to provide leadership and 
co-ordination of a diverse group. Suitable experience of 
the Equine Industry is essential. 


Salary and other benefits will be commensurate with the 
responsibilities of the position and dependent on 
experience, 


Closing date for applications is May 24th 1984. 

Applicants should include a full Curriculum Vitae and the 

names and addresses of two referees who will be 
contacted only with the prior permission of the applicant. 


. Applications should be submitted to the Secretary, 
The Irish Equine Foundation, Irish Equine Centre, 
Johnstown, Naas, County Kildare, Ireland. 
(1516)A 


UNIVERSITY OF GUELPH 


ROYAL POSTGRADUATE 
MEDICAL SCHOOL 
(University of London) 
PAEDIATRICS AND 
NEONATAL MEDICINE 
MLSO required to join the Depart- 
ment. Duties will include research 
histology and studies on brain and 

lung samples. 


Salary on range £5,547 to £7,824 
plus £1,042 London Allowance a 
year. 


Application forms and further 
particulars may be obtained from the 
Personnel Office, Royal Post- 
graduate Medical School, 150 
Ducane Rd, London W12 OHS, 
quoting ref 28/230/N. 


Closing Date: 12 April 1984. 
(1488)A 





UNIVERSITY 
OF CAMBRIDGE 
Cavendish Laboratory 
SCIENTIST 


A vacancy exists for a postdoctoral 
research worker to join the Semi- 
conductor Physics group. The work 
will focus on the physics of the two 
dimensional electron gas in GaAs and 
Si devices and will involve 
measurements down to very low 
temperatures in high magnetic fields. 


Salary in the range £7,190 — 
£8,530 pa. 


Applications, including cv, names 
of two referees and publications list, 
should be submitted to The 
Secretary, Cavendish Laboratory, 
Madingley Road, Cambridge CB3 
OHE before 20 April. Ref: MP. 

(L480)A 
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WASHINGTON STATE 
UNIVERSITY 
INSTITUTE OF 
BIOLOGICAL CHEMISTRY 


POSTDOCTORAL POSITION: 


Structure and regulation of 
expression of genes involved in lipid 
metabolism. Send CV and three. . 
letters of recommendation by Mäy 
15, 1984, to Dr P E Kolattukudy;, 
Institute of Biological Chemistry, 
Washington State University, > 
Pullman, WA 99164-6340. An 
Affirmative Action/Equal 
Opportunity Employer. 
(NW390)A 











ASSISTANT/ASSOCIATE 
Professor. The Department of Bio- 
chemistry of UMDNJ-Rutgers 
Medical School is seeking an 
exceptional candidate to fill a tenure 
track, state-funded position. In the 
initial screening of applicants, pre- 
ference will be given to scientists 
working in areas of molecular, 
immunology, molecular cell biology, 
biochemistry of development, and” 
macromolecular structure. The. 
primary criterion, however, will be 
the candidate's potential todevelopa 
productive research program. Please 
submit curriculum vitae; a summary 
of current research; a statement 
about future research plans, and 
names and telephone numbers of 
three individuals who can be con- 
tacted for references to: DJ 
Prockop, Department of Bio- 
chemistry, University of Medicine 
and Dentistry of New Jersey, Rutgers 
Medical School, PO Box IOI, 
Piscataway, New Jersey 08854. An 
Equal Opportunity/Affirmative 
Action Employer. (NW409)A 








UNIVERSITY OF ST ANDREWS 


DEPARTMENT OF ANATOMY AND 
EXPERIMENTAL PATHOLOGY 


Applications are invited for the past of 


LECTURER IN RADIOBIOLOGY 


Tenable for five years in the first instance in the Department of Anatomy 
and Experimental Pathology. The successful applicant will be especially 
concerned with the radiobiology component of an MSC course in 
radiation biophysics which is organised in collaboration with the 
Department of Physics but will be expected also to contribute to the 
courses in experimental pathology and related subjects which the 
department provides for science students and for preclinical medical 
students. 


The current research of the Department includes studies of radiation- 
induced leukaemia, the regulation of haematopoiesis, the properties of 
haematopoietic stem cells and the dissemination of tumours. 
Candidates for this post who require further information or who may 
wish to visit the department are invited to communicate with Dr A C 
Riches. 

Starting salary at appropriate point within range £7,190 to £8,530 per 
annum according to age and experience, plus USS. 

Applications (two copies preferably in typescript) with the 
names of three referees should be sent to the Establishments | 
Officer, The University, College Gate, St Andrews, Fife,toarrive [| 
not later than 19 April 1984, (1522A F. 


DEPARTMENT OF BOTANY 
CHAIRPERSON 


A- botanist is required as chairperson for the newly reorganized 
Department of Botany at the University of Guelph, The Department 
currently has strengths in the areas of plantstructure, development, 
physiology, ecology and biosystematics, and will interact with the 
newly formed Department of Molecular Biology and Genetics. The 
candidate should be dedicated to excellence in research and 
teaching and have the capacity to strengthen existing fields within 
the department, and promote development of new directions within 
plant biology. 
In accordance with Canadian immigration requirements, priority 
willbe given to Canadian citizens and permanent residents of 
ai. Canada. This position is subject to final budgetary approval. 
> Applicants should send Curriculum Vitae and the names of at 
-- Jeast three referees before May 1, 1984, to: B. H. Sells, Dean, 
<- College of Biological Science, EV Srey of ae Guelph, 
i iiiki Canada NIG 2wi, (NW388)A 































EXCITING RESEARCH OPPORTUNITY IN 
WEST GERMANY 
PARTAKE STUDIES ON EPITHELIAL AND 
MEMBRANE TRANSPORT USING 

ms BIOCHEMICAL TECHNIQUES 

-X ideal candidate should have MD and/or PhD (Postdoc or junior 
> faculty) and should have experience in protein chemistry and 
reparative organic. chemistry. inaddition to the researcher's salary, 
; federally- funded position includes. salary for one technician, 


“funds and an appropriate supply budget. The research 
“are, tec oF the Max- Planck-Institut fuer 




















Please mention , _ ba 


d refe er ences to Dr. Rolf Kinne, Director 
és ~ Systemphysiologie, 


1, West Germany. ng to these advertisements 






Flow Laboratories 


Quality Control Manager 


Biological 
Products 






Attractive 
Salary 





Flow Laboratories Limited requires a Manager to 
assume responsibility for the in-process and final 
testing of a wide range of products, including 
cells, media, sera, microbiological identification 
systems and associated consumable and 
disposable items. A fully documented quality 
control system is operated by qualified stoff. 
The person appointed will have at least a first 
© | degree in a biological science and post-graduate 
r experience of the use and performance criteria of 


the products. 


The Company serves medical research facilities, 
diagnostic laboratories, pharmaceutical and 
biotechnology companies throughout the world. 
A highly competitive salary will be offered to 
attract the right individual, together with excellent 
pension, life assurance and holiday benefits. 
Assistance with relocation is available if required. 
Write, or telephone, for an application form, or 
send detailed C.V., to Mrs E McConnell, 


Personnel Officer, at the address below. 
Flow Laboratories Limited 

PO Box 17 Second Avenue Industrial Estate 
o IRVINE KA12.8NB Tel: (0294) 74242 









(1490) A 








DURHAM UNIVERSITY 
/ DEPARTMENT OF GEOGRAPHY 
PRESEARCH ASSISTANT IN 
“REMOTE SENSING 


Applications are invited from post- 
doctoral or other candidates to work 
on.a NERC Special Topic research 
project entitled ‘‘Investigation of 
multiband remote sensing for 
geological mapping” under the 
direction of Dr R Harris and Mr T J 
Munday. The post is tenable from as 
soon as possible until 31 March 1987. 


Initial salary in the range £6,310 — 
£8,530 on Range | A or 1B plus super- 
annuation. 


Applications (3 copies) naming 
three referees should be sent by 30 
April 1984 to the Registrar, Science 
Laboratories, South Road, Durham 
DHI JLE, from whom further par- 
ticulars may be obtained. 

a. 2 ce (l484A 





IMPERIAL COLLEGE OF 
SCIENCE AND 
TECHNOLOGY 
DEPARTMENT OF 

MATHEMATICS 
LECTURESHIP IN APPLIED 
MATHEMATICS 
Applications are invited for this 
lectureship, which will be filled from 
I October 1984 or a mutually agree- 
able date. The present interests of the 
Department include analytical and 
computational fluid and solid 
mechanics, dynamical systems and 

theoretical laser optics. 


Applications from applicants in 


any one of these or related fields | 


should be sent by Friday 27 April to 
Professor J T Stuart, FRS, 
Department of Mathematics, 
Imperial College, London SW7 2BZ, 
from whom further particulars may 
be obtained. (1500) 4 





JNIVERSITY OF OXFORD 
‘Dyson Perrins Laboratory 

k- POST-DOCTORAL 
‘APPOINTMENT IN BIO- 









ORGANIC CHEMISTRY 

plications are invited for an SERC 
ided post-doctoral position to 
rk on the mechanism of action or 
ibition of enzymes. Candidates 
wld have experience in synthetic 
anic. chemistry; experience with 





and/or. FT. omr spectro- ` 3QY. 


scopy would be an advantage. The 
position will be available from Ist 
October 1984 for one year at this 
stage, on the research assistant grade 
1A scale and with membership of 
USS (£7,190 — £8,530 pa according 
to age). 


Applicants should send their 


curriculum vitae and ask two referees 


to write on their behalf to Dr 


G Lowe, Dyson Perrins Laboratory, 
South Parks Road, Oxford OXI 
(1486)A_ 


AGRICULTURAL AND FOOD RESEARCH COI 
FOOD RESEARCH INSTITUTE 
Nutrition and Food Quality D 


Temporary Scientifi 
Officer 


A temporary Scientific Officer is required to join a group inve: 
the availability of nutrients in the human diet. The project, which 
funded by the Ministry of Agriculture, Fisheries and Food fora pe 
2 years, aims to develop a new method for estimating the ext ff 
digestion and utilisation of food folates in the mammalian digestive 
system, and hence to quantify the availability of folates in various 
human foods. OUR DOE DS SS BARS GAs 
Qualifications 

A first or upper second class honours degree in 
Physiology or a related subject. SERN ne 
The work will invoive the use of both biochemical and microbiological | _ 
techniques for the assay of folates in animal tissue. ES nai 
Salary 

On a scale £5,682 — £7,765 
Non-contributory superannuation scheme. cee ee 
The Agricultural and Food Research Council is an Equal Opportunities 
Employer. EO 
Further information and application forms from the Secretary, Food - 
Shiri Institute, Colney Lane, Norwich NR4 7UA, quoting Ref. 


Closing date: 5th April 1984. (1603)A 




























B iochemistry, : | 
























PUBLIC HEALTH LABORATORY SERVICE BOARD oe 
PHLS CENTRE FOR APPLIED MICROBIOLOGY AND =. f 
RESEARCH | oe 

THERAPEUTIC PRODUCTS LABORATORY 3 cT 
Analytical Chemist/ Biochemist | 
A vacancy exists for a Graduate Chemist/Biochemist with a broad f 
experience of analysing chemicals and biological materials, to Head an. f. 
Analytical Chemistry Section. See: © 
The Section comprises a total of three trained staff and one ancillary f 
staff and provides a general Analytical Service to several Laboratories e 
within the Centre, including a service of Quality Control fora varietyof f 
pharmaceutical products and reagents used in their manufacture, f 
The appointed person will be required to supervise and ‘operate f 
established chemical and biochemical procedures including modern f 
techniques for the characterisation of proteins. Qualificationsshouldbe f 
commensurate with Chartered Chemist to support a role as Deputy E 
Quality Controller for the Centre. ERE E 
Further information may be obtained from Dr H E Wade, Director, f 
Therapeutic Products Laboratory (telephone: 0980 610391 ext 459) f 
National Health Service Terms and conditions will apply. € 00. eee © 
Salary on the scale of Senior Grade Microbiologist £9,010 to £11,649. | 
Application forms are available from the Personnel Officer, f 
PHLS Centre for Applied Microbiology and Research, Porton | t 
Down, Salisbury, Wiltshire SP4 0JG. BA Ba 






























Closing date: 13 April 1984. 













EXPERIMENTAL PATHOLOGY UNIT | 
LECTURER (NON-CLINICAL) 
Applications are invited from science graduates with postdoctoral. 
research experience in the biochemistry of Connective Tissues: 
Expertise in cartilage and bone biochemistry, Knowledge of cell’ 
metabolism, tissue culture and radioisotopic techniques will be an 
advantage. This is mainly a research post with some teaching of = 
postgraduates and undergraduates. ae 
Salary on the University Non-Clinical Academic Lecturer Scale. 
(£8,376 to £15,311 per annum including L.A.) ae | 
Applications forms from Institute Secretary, institute of < $ 
Orthopaedics (University of London), RNOH, Stanmore f 
HA7 4LP. Tel: 01-954 2300 ext 379; further details from Dr. $ 













=S. Y. Ali, ext 225. 


Closing date for completed applications 30th April 1984. 9 $ 








lassified 10 


Nordisk Gentofte 
BIOTECHNOLOGY-SCIENTISTS 


a _ As of April 1st, 1984, or later, the Research & Development _ 
-. Section of NORDISK GENTOFTE, Copenhagen, has vacancies 
-< for scientists trained in recombinant DNA techniques. 

© The successful applicants should have practical experience in at 


least one of the following areas: 


— DNA technology 
-- Cloning of genes 


— Expression of cloned genes in prokaryotic or yeast cells. 
Ability and willingness to participate in a broad intergroup co- 
operation are essential for these posts, as the work will be carried 
out in close collaboration with scientists in associated groups. 


- NORDISK GENTOFTE (manufacturing, marketing and 
: development) makes up the independent foundation of 
NORDISK INSULINLABORATORIUM together with HAGEDORN 
RESEARCH LABORATORY (basic research into diabetes) and 
STENO MEMORIAL HOSPITAL (research and treatment of 


diabetes). 


At present, the major products manufactured by NORDISK 
GENTOFTE are insulins, human growth hormone, and plasma 


proteins. 


Salary will be fixed in accordance with applicant's qualifications 
and the salary level of a corresponding position at NORDISK 


GENTOFTE. 


NORDISK GENTOFTE is conveniently situated near public means 


of communication. 


Further information about the vacancies may be obtained from 
Dr. Nanni Din (telephone: 01-680168 ext 464). 

Applications with curriculum vitae should be sent to: NOR DISK 
GENTOFTE, Niels Steensensvej 1, 2820 Gentofte, Denmark. 


NORDISK GENTOFTE is manufacturing and marketing insulin, 
blood fractionation products, human growth hormone, etc., and 
together with HAGENDORN RESEARCH LABORATORY and 
STENO MEMORIAL HOSPITAL it makes up the independent 
foundation NORDISK INSULINLABORATORIUM, which has 










approximately 800 employees. (W832)A 
UNIVERSITY OF 
“UNIVERSITY OF THE HONG HONG 

an ae Pei LECTURESHIP IN PHYSICS 
: | Applications are invited for a 
“DEPARTMENT OF PATHOLOGY Lectureship in Physics. Applicants 
POST-DOCTORAL should have a PhD degree in Physics 
POSITION and be carrying out active research in 


a field of physics related to existing 
departmental interests. Preference 


"he Uniformed Services University 
f the Health Sciences. invites 
pplicants for a post-doctoral 













and recombinant DNA tech- 
ry. Level of salary will be 
ommensurate with training and 
Xperience. Interested candidates 
ould submit curriculum vitae, 
Hiography, and names of three 


“to Dr Robert M Friedman, 
irman, Department of 





esda, MD 20814. 
ormed Services University of the 
th Sciences is an equal 
ortunity/affirmative action 
er. INW395)A 






nd experience in molecular | 


essional references by 13 April | 


logy, c/o Personnel Division, | 
S, 4301 Jones Bridge Road, | 
The | 





will be given to candidates with 


research experience in theoretical or 
experimental solid state physics. 
Annual salary (superannuable) is 
on an 11-point scale: HK$135,780- 
227,100 (£11,910-19,921 approx.) 
(Sterling equivalent. as at March 2, 


1984). Starting salary will depend on 


qualifications and experience. 


_ At current rates, salaries will not _ 
exceed 15% (expected to increase to 


17%) of gross income. Housing 


benefits at a rental of 7'2 o of salary, — 


children’s education allowance, leave 
and medical benefits are provided. 


Further particulars and appli- 


cation forms may be obtained. from 


the Secretary General, Association of 


Commonwealth Universities 
(Appts), 36 Gordon Square, London 
WCIH OPF, or from the Appoint- 
ments Unit, Secretary’s Office, 


University of Hong Kong, Hong 
Kong. Closing date: 27 April 1984. 





UNIVERSITY OF SURREY 


DEPARTMENTS OF CHEMICAL & | 


PROCESS ENGINEERING AND 
PHYSICS 
POST DOCTORAL 
RESEARCH FELLOWS 


Two post-doctoral Research Fellows | 


with qualifications in Chemical 
Engineering, Physics or Material 
Science are required for a collabora- 
tive investigation with ICI PLC, into 
processes of attrition (particle frag- 


mentation and wear) of particulate | 


materials. One fellow will study 
dynamic attrition under impact 
conditions in. the Department of 
Chemical & Process Engineering, 
while the other, working in the 
Physics Department, will be concern- 
ed with the fundamental machanisms 
of crystal fracture. 


The research is financed by a co- 
funded grant from the SERC and 
ICI, PLC. The posts are on the 
Research and Analogous IA scale 
and tenable for three years (Chemical 
& Process Engineering) and two years 
(Physics). Starting salary will be 
within the range £7190 - £8530 per 
annum depending on age, qualifica- 
tions and experience. 


Further details may be obtained 
from Dr M Ghadiri, Department of 
Chemical & Process Engineering (ext 
770) or Professor K E Puttick, 
Department of Physics (ext 602), tel 
0483-571281. Application in the form 
of a curriculum vitae {3 copies) 
including the names and addresses of 
two referees should be sent to the 
Deputy Secretary (Personnel), Uni- 
versity of Surrey, Guildford, Surrey, 
GU2 5XH by 6 April 1984, quoting 
reference 231/N. O476)A 





POSTDOCTORAL 


position available May 1, 1984 or 
later for work on the biochemistry 
and molecular biology of blood 
coagulation. Experience in 
enzymology, separation techniques, 
and immunochemistry would be 
helpful but not essential. 


Send curriculum vitae and names 
of three references to: Dr William 
Konigsberg, Department of Mole- 
cular Biophysics and Biochemistry, 


Yale University, PO Box 3333, New. 
Haven, CT 06510. 


(NW378)A 





UNIVERSITY OF OXFORD 
READERSHIP IN HUMAN 
PHYSIOLOGY 


The electors intend to proceed to an 


election to the Readership in Human | 


Physiology which is now vacant. The 
stipend of the readership ts on a scale 
which is at present £13,515 to £16,925 


per annum. It is intended that the. 


appointment should be held in con- 


junction with a college fellowship. 


Applications (ten copies, or one 
from abroad), naming three referees 
but without testimonials, should be 


received not later than 8 May by the | 
Registrar, University Offices, | 
Wellington Square, Oxford, OXI- 
23D, from whom further particulars . 
may be obtained. AF l 





- Institute of Marine Science (VIMS 


1474)A -| quote ref. 83/26, 


NATURE VOI. J08 22 MARCH 1984. 
-VIRGINIA INSTITUTE OF a 
MARINE SCIENCE 
FISHERIES POPULATION 
. DYNAMICIST 
The Department of Fisheries Sciens 
School of Marine Science/ Vir; 







invites applications for a tenure track | 
assistant or associate professor | 
position in Fisheries population . 
dynamics. Candidates must have a. 
PhD in marine ecology, oceano- — 
graphy, fisheries science or related ~ 
fields. Experience is required in 
fisheries population dynamics, 
statistics and marine field ecology. 


The incumbent will be expected to. ` 
develop a research program on, and. 
assess the population dynamics of- 
major finfish and shellfish stocks of - 
commercial and recreational impor- 
tance to the Commonwealth. Par- 
ticular research focus should be on: 
how stock-recruitment and mortality 
relationships are related toa: 
environmental fluctuations. 












Academic responsibilities will: 
include conducting formal coursgs ; 
(including Population Dynamics), 
directing graduate research, ande 
serving on academic committees. | 


Prior to 1 April 1984, applicants” 
should submit a vitae, statement of- 
research interests, and the names and- 
addresses of three references to: 
Herbert M Austin, Chairman, Search 
Committee, VIMS, Gloucester 
Point, Virginia 23062. 


An EEO/AA 
Minorities and 
encouraged toapply. 





Employer. 
women are 
(NW40DA 





NATIONAL INSTITUTE FOR« 
RESEARCH IN DAIRYING À 


PHYSICAL SCIENCES 
DEPARTMENT 


A vacancy exists in the Physical- 
Sciences Department to undertake 
research on the formation and: 
properties of protein/lipid/air inter- 


faces in food emulsions and foams 


with particular emphasis on. dairy 
products. The. research will involve © 
the development and use of methods © 
to measure the properties of inter- 
faces, emulsions and foams together 
with a study of the relationship of the 
physical chemical properties of 
interfaces to their functionality in 
foods. 


Appointment will be as Higher 
Scientific Officer (£7,149 — £9,561) | 
or Senior Scientific Officer (£8,970 — 
— £11,476). The NIRD is an equal 
opportunities employer. 


The candidate should have a First: 
or Upper Second class honours- 
degree in ‘biophysics or physica 
chemistry, with at least two. years 
relevant postqualifying research 
experience for appointment at HS0, 
four years’ for SSO. Non»: 
contributory superannuation. ee 


"Apply by letter and curriculum — 
vitae to the Secretary, Nationa 
Institute for Research in Dairying 


Shinfield, Reading RG2 9A’ 


























MPTON: end ‘South West 
eè Health Authority. 
cations are invited for 
ate Biochemists or Pharma- 
ts or those qualifying in 1984 
‘or a research post in the Depart- 
ts of Medicine and Clinical 
rmacology to carry out an 
vestigation into the role of 
: ostaglandins and related 
“substances in peptic ulcer disease. 
= Fhe appointment will be initially for 
one year with the likelihood of 
extension for the second. The salary 
: will be according to Whitley Council 
-Professional & Technical A and will 
“be paid on Basic Probationer Scale. 
Applications in writing should 
dnclude curriculum vitae and names 
and addresses of two referees to 
District. Personnel Department, 
Tremona Court, 30-32 Tremona 
Road, Southampton SOl 6HT. 
“Further. information obtained by 
writing to Dr K Hillier or by 
‘telephone 0703 559122 extension 
‘8264, Closing date 26 April 1984. 

(1456)A 




























"THE UNIVERSITY COLLEGE 
OF WALES 
ABERYSTWYTH 


DEPARTMENT OF BIOCHEMISTRY 
AND AGRICULTURAL 
BIOCHEMISTRY 


Applications are invited for the posts 
-of Post Doctoral Research Assistant, 
salary scale Grade 1A and Research 
Technician, salary scale Grade 5, to 
work on an ARFC funded project 
concerned with the factors regulating 
the movement of pyruvate across 
“mitochondrial and chloroplast mem- 
“branes. The posts are tenable for a 
period of three years, the starting 
date is negotiable. 


Application. forms and further 
particulars can be obtained from the 
Registrar, (Staffing Office), The 
University College of Wales, Old 
gp ollege, King Street, Aberystwyth, 
m 7 ed, SY23 2AX (Tel: 0970 3177 ext 
907), 


Closing date for applications: 
Friday 6 April 1984. (1470A 






UNIVERSITY 
OF CAMBRIDGE 
DEPARTMENT CF PATHOLOGY 
IMMUNOLOGY DIVISION 
.. NEW ADDENBROOKE’S 
: HOSPITAL 
An opportunity arises for a 
-POST DOCTORAL 
~ RESEARCH ASSISTANT 


z iräinedi in Immunology to participate 
- jt atwo year programme studying the 
possible allergic aetiology of Coeliac 
Disease. The post is funded by the 
Coeliac Trust and candidates should 
bein the age range 24-27. Salary 
yUniversity scale £7,190 — £8,130. 
Seurther details can be obtained from 
Professor Coombs, Immunology 
eDivision, New Addenbrooke's 
Hospital, Hills Road, Cambridge. 


Applications to be sent together 
with the names and addresses of two 
‘refi rees to The. Superintendent, 
“nt. of Pathology, Tennis 
ad, X ambridge CB2 IQP. 


















er eed > tues 


THE AUSTRALIAN 
NATIONAL UNIVERSITY 
FACULTY Ch SCIENCE 
SYNTHETIC ORGANIC 

CHEMISTRY 


RESEARCH ASSOCIATE 

(2 positions) 
Applications are invited from 
suitably qualified men and women 
for appointment to two positions (for 
1-2 years) which are available 
immediately in the field of synthetic 
organic chemistry in the Department 
of Chemistry (Head: Professor R N 
Warrener). The posts are funded by 
the Australian Research Grants 
Scheme. 


One programme is associated with 
the total synthesis of anthracycline 
anti-tumor agents related to 
daunomycin (joint grant to Dr RA 
Russell and Professor R N 
Warrener). The second is in the field 
of synthetic alicyclic chemistry, and 
is related to the preparation of new 
rigid polycyclic compounds useful as 
rods and spacers in the design of new 
molecules (cf JCS Chem Commun, 
1983, 1340). 


Candidates should hold a PhD 
degree in synthetic organic chemistry 
and preferably have appropriate 
postdoctoral experience. 


Salary will be in accordance with 
qualifications and experience with 
the range: $A20, 164-$23,100 pa. The 
current rate is $A1=UK63p. The 
successful candidate may be eligible 
for air fares to Australia and an 
allowance for removal of personal 
effects. 


The University reserves the right 
not to make an appointment or to 
make an appointment by invitation at 
any time. 


Applicants should supply by 20 
April 1984 to the Registrar of the 
University, GPC Box 4, Canberra 
City, ACT 2601, Australia, a 
curriculum vitae and photograph and 
arrange for two referees to forward 
reports independently also to the 
Registrar. (NW 844)A 


McMASTER UNIVERSITY 
DEPARTMENT OF BIOLOGY 


The Department of Biology, 
McMaster University, invites 
applications for two positions, one in 
developmental biology and one in cell 
biology. One appointment will be a 


tenure-track appointment at the- 


assistant professor level; the other an 
NSERC-University 
Fellowship. 


The successful candidates will be 
expected to contribute to under- 
graduate teaching, at all levels and to 
develop strong research pro- 
grammes. A completed curriculum 
vitae, including names of at least 
three referees, should be received no 
later than May 30, 1984 by Dr S Mak, 
Chairman, Department of Biology, 
McMaster University, 1280 Main 


Street West, Hamilton, Ontario L8S | $ 
4K1. In accordance with Canadian | §- 
immigration requirements, priority | $ 


will be given to Canadian citizens and 
permanent residents of Canada. _ 


Research 











RESEAR CH SCI E NTIS 
SE N IOR RESEA RC CH 
SCIENTIST 


$A24, 344 — $A35,8 6 ` 
DIVISION OF SOILS 


CSIRO conducts scientific and. technological research in laboratories as 
located throughout Australia and employs about 7,500 staff; of whom __ 
some 2,900 are professional scientists. The Organization’ s research _ 
activities are grouped into five Institutes: Animal and Food Sciences, 
Biological. Resources, Energy and Earth Resources, Industrial - 















Technology and Physical Sciences. The CSIRO Division of Wildlifeand 


Rangelands Research is a member of the Institute of Biological ts 
Resources. “EAS 
FIELD: Soil physics/hydrology/applied mathematics. ee 
GENERAL: The.CSIRO Division of Soils conducts research into omst 
aspects of soil science, including the physics, chemistry and biology of _ 
soils, and the integrative disciplines of pedology and geomorphology. Eo 
also-seeks the application of its Research in Agriculture and in other _ 
areas. of science and technology. The. division has- laboratories in 
Adelaide, Brisbane, Canberra and Townsville. 2 
DUTIES: The appointee will undertake research.as part of a program 


studying the effect of climate and land mañagement on the entry and E 
redistribution of water.in soils. It is anticipated ‘that the principles E 
developed will be used in studies of surface water management and. F 
plant/water relations. The appointee’s research will be on the applied E 
physics or mathematical aspects of this program. Initially the work will E 
be directed to the study and interpretation of the distribution of $ 
deuterium and oxygen-18 in relation to the movement of water in soils. E 


and will involve both laboratory and field studies. 


The appointee will be based at the Division's Adelaide laboratory which . 
is equipped with a VG602 mass spectrometer, a wide range of @ 


equipment for studying the physical and chemical properties of soiland _ 


water, and drilling rigs designed for soil sampling. Computing facilities $ 
are available on site, and the laboratory is linked to the CSIRO Cyber-76 | 
computer. ag 


QUALIFICATIONS: Applicants should. have a PhD degree or : 
equivalent qualifications, supported by established research ability in E 
one or more of the following fields: soil physics or pure physics, physical : 


chemistry, applied mathematics, or hydrology. 


TENURE: The appointment is for an indefinite period, following : i 


satisfactory completion of a probationary period. Australian 


- Government superannuation benefits are available. of 
APPLICATIONS: Stating full personal and professional details, the $ 
names of at least two scientific referees, and quoting reference No. : : 


A0539, should be directed to: 
The: Chief 

CSIRO Division of Soils 
Private Bag No. 2 

GLEN OSMOND SA 5064 
AUSTRALIA 


By April 19th 1984. (WES9)A. 


Postion available for a 
PhD OR MD, PhD IN NEURAL 
SCIENCES WITH FOCUS ON 
NEUROPHYSIOLOGY 


in a neurophysiological research unit of a Department of Neurology _ i : 
and Clinical Neurophysiology of a University Hospital. > 


The applicant (postdoctoral fellow or more advanced junior. 
scientist) will have major research responsibilities in a laboratory for- 
central control of movement in patients with various motor- 
disturbances, including the pre- and post-operative evaluation of- 
patients undergoing stereotaxic surgery. 


A. special research opportunity will be electrophysiologica 





Be ‘postionng.. of deep brain structures during stereotaxic electrode.. 


 (NW3I8JA [5 ee 
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SOIL SCIENTIST 
DIVISION OF WILDLIFE AND 
RANGELANDS RESEARCH 
DENILIQUIN NSW 
AUSTRALIA 


CSIRO conducts scientific and technological research in laboratories 
located throughout Australia and employs about 7,500 staff, of whom 
some 2,900 are professional scientists. The Organization's research 
activities are grouped into five Institutes: Animal and Food Sciences, 

Biological Resources, Energy and Earth Resources, Industrial 
_ Technology and Physical Sciences, The CSIRO Division of Wildlife and 

. Rangelands Research is a member of the Institute of Biological 
> Resources. 

FIELD: Soil degradation 

GENERAL: The Division of Wildlife and Rangelands Research under- 

takes research into the general principles underlying the control of 

animal and plant populations and the application of this knowledge to 
ecosystem management and conservation. The Rangelands Group at 

Deniliquin studies those changes in semi-arid plant communities and 

soils that are associated with pastoral management. Current projects 

concentrate on the delineation and quantification of the ecological 
processes of disturbance by grazing and fire, and the interacting socio- 
economic factors influencing pastoral. management. 

DUTIES: The appointee will carry out research on the nature and 

consequences of the degradation of rangeland soils under pastoral 

management. This will involve collaboration with existing research staff 
who are studying soil-plant relationships, and the effects of prescribed 
burning and grazing on vegetation dynamics. Collaboration with the 

Division of Soils wili be encouraged. 

QUALIFICATIONS: A PhD degree or equivalent qualifications ina. 

field related to soil science, plus proven research ability. Experience in 

analysing soil degradation processes in the field would be an 
advantage. 

TENURE: 

benefits available. 

APPLICATIONS: Stating full personal and professional details, : the 
~~ names of at least two referees, and quoting reference No A1382, should 
“be directed to: 

The Acting Chief 

CSIRO Division of Wildlife and Rangelands Research 
SPO Box 84 

“LYNEHAM ACT 2602 

AUSTRALIA 


By April 27th 1984. (W841)A 























PHARMACOLOGY 
POSTDOCT ORAL POSITIONS will be available during 1984-1985 for : 


work on several grant supported tesearch projects: 


ith Garlid: ‘ton transport mechanisms; reconstitution of K+/ H- + | 
tiporters from mitochondria and bacteria [JBC 259, 2062 (1984)) 


Amir Askari: Reaction mechanism and structure of Na, K- meee 
: (digitalis receptor) [JBC 258, 9878, (1983) 


Keith Schlender: Hormonal. ‘regulation -of protein kinases. and 
-phosphatases involved i if glycogen metabolism [JBC 259, 1415 (1984)) 


‘Ted Chiu: Benzodiazepine receptor regulation and purification. [TIPS 
4, 348 (1983) 


Ron Mellgren: Properties ‘on physiologic role of the calcium- de- 
malian: elis, 















Applicants | ‘should: “indies 
curriculum vitae andn names: 










indefinite with Australian Government superannuation. E > a 
c | £6,035; starting salary according to 


McMASTER UNIVERSITY 
DEPARTMENT OF BIOLOGY 
ASSISTANT PROFESSOR OF 
BIOLOGY 
The Department of Biology, 
McMaster University, invites appli- 
cations for a tenure-track position of 
assistant professor of biology in the 


| area of microbiology. The successful 


candidate will be expected to teach an 
introductory course in microbiology 
and contribute to teaching in 
advanced microbiology courses, and 
to develop a strong research pro- 
gramme. A completed curriculum 
vitae, including names of at least 
three referees, should be received no 
later than May 30,.1984 by Dr 5 Mak, 
Chairman, Department of Biology, 
McMaster University, 1280 Main 
Street West, Hamilton, Ontario L&S 
4Ki. In accordance with Canadian 
immigration requirements, priority 
will be given to Canadian citizens and 
permanent residents of Canada. 
(NW399)A 


UNIVERSITY 
OF READING | 


RESEARCH OFFICER. 
for Work on Selection 
in Poultry 


This appointment, which isin ope 
Department of Agriculture and 
Horticulture and will be funded by © 
ARC, is for a fixed term of three” 
years. Duties will be to assist. Prof” 
TR Morris. with a long-term 
selection experiment aimed at pro-~ 


ducing strains of laying fowls havi ing | 


very early sexual maturity. 


Preference will be given to candi- 
dates with a first degree in- 
Agriculture who are able to take up: 
duties in May or June 1984, but appli« 
cations from 1984 graduates will be- 
considered. 


Minimum starting salary of £6,310. 
pa. Apply quoting Ref RISA for 
further particulars and application 
form to Personnel Office, University < 
of Reading, Whiteknights, Reading 
(491A 


RG62AH. 





WELSH NATIONAL 
SCHOOL OF MEDICINE 
(University of Wales) 


A RESEARCH TECHNICIAN 


is required in the above Department 
to assist with the isolation and 
chemical characterisation of an as yet 
unidentified vasodilator substance 
released from endothelium. Some 
experience with HPLC techniques 
would be an advantage though not 
essential. The post is for | year in the 
first instance with the possibility of 


z| renewal for a further 2 years. 


Salary in the range £5,151 to 


qualifications and experience. 


Applications (quoting Ref No 
C51/1/9A) in the form of a 
curriculum vitae with the. names and 
addresses of two referees should be 
submitted to the Registrar and Sec- 
retary, Welsh: National School of 
ine, Heath Park, Cardiff CE4 
: 0 0222/75 $944 ext 2296) 
from whom further particulars are 
available. Closing date: 6th April, 
1984, OSDA 









ST GEORGE'S HOSPITAL 
MEDICAL SCHOOL 
(University of London) 


POSTDOCTORAL 
APPOINTMENT 
available ona three year British Heart 
Foundation research project to work 
with Dr Anthony Firth on the struc- 
tural basis of cardiac microvascular 


permeability. Candidates should | 


have postgraduate experience in 
microvascular physiology or ultra- 
structural methods. 


Salary for a holder of the PhD will 
be on the Research Fellow (1A) scale. 
Prospective applicants: are invited to 
telephone Dr Firth (01-672 1255, ext 
4601). 


Application form available from 
the Establishment 


don SW17 


Officer, St 
| George’s Hospital Medical School, 
d Cranmer Terrace, Lor 





THE ROYAL VETERINARY » 
COLLEGE 
University of London 
DEPARTMENT F 
MICROBIO CUY AND 
PARASITOLOGY 
IMMUNOLOGIST 


Applications are invited for an 
AFRC gprant-aided post of posi- 


‘doctoral Research Assistant for three 


years. The appointee will work under 
Dr PH Russell in a study of antigenic 
variation and pathogenicity of avian 
paramyxoviruses using monocional 
antibodies and inbred chickens. 


“© Salary on national scale Range 1A 
“which starts at £7,190 plus £1,186 


London Weighting. Applicants must, 
be under 29 with an interest in avian 
infectious diseases, Superannuation, 
under Universities’ Scheme. 


Applications (3 copies) with curri- 
culum vitae naming three referees 
should be sent to the Assistant Sec- 
retary (Personnel) The Royal 
Veterinary College, Royal College: 
Street, London NW 1 OTU by 30 April 





1984. (ISIDA | 
UNIVERSITY OF 
EDINBURGH 
DEPARTMENT GF 

PHYSICS | 
RESEARCH ASSOCIATE IN 
SOLID STATE PHYSICS | 


Applications are invited for a 
Research Associate Post in the field 
of Solid State Physics. The successful- 
candidate will be expected to use. 
X-ray and neutron scattering: 
techniques to study phase transitions . 
in crystals, surfaces and absorbed 
layers. The post is supported by Serc- 
for 3 years and it is hoped to make an: 
appointment from Ist October 1984y° 
on the 1A salary scale. 






Applications should be sent to. 
Professor R A Cowley, Department. 
of Physics, University of Edinburgh, : 
Mayfield Road, Edinburgh EH9 332: 
from whom further particulars can. 
be obtained. The applications should . 
aes a cy and the names 5 Of: two. 













DEPARTM ENT OF 
_BICCHEMISTRY 
< LECTURER 


plications are invited for a newly 
plished Lectureship in Bio- 
emistry to be held in the Faculties 
yf Science and Medicine and located 
n the Department of Biochemistry 
culty of Science). We are seeking a 
hemist with experience in 
ukaryotic gene cloning who wishes 
QO pursue a research programme 
nvolving the use of that expertise. 
“Facilities are already well established 
“in the department for prokaryotic 
gene cloning and sequencing. 


= Salary will be at an appropriate 
“point on the Lecturers’ scale, £7,190 
to £14,125 pa. according to age, 
qualifications and experience. 


Further particulars may be 
Obtained. from the Senior Assistant 
‘Registrar (Establishments) (F.P.), 
‘The University, 6 Kensington 
Terrace, Newcastle upon Tyne, NEI 
FRU, with whom applications (3 
kies) together with the names and 
mmcddresses of three referees should be 
dgdged not later than 16th April, 
1984. Please quote reference N. 

ae (ISIO)A 

















| UNIVERSITY OF OXFORD 


4 NUFFIELD DEPARTMENT OF 
fone PATHOLOGY 

~ RESEARCH TECHNICIAN 
| A research technician is required 
| to assist in the detection of virus 

in carcinoma of the cervix. 
1 Experience -in molecular 
| biological and/or immu- 
-nohistochemical techniques 
| would be an advantage. 


“¢ The project is supported by a 
megrant for one year at this stage, 

Bod the salary shall be on the 
Pyvnitley Council scales for 
i-Medical Laboratory Scientific 
Officers with a maximum starting 
|- point of £6,436 dependent on 
| experience and qualifications. 


{= Applications with the names of 
|-two referees to Dr K Fleming, 
| Clinical Reader in Pathology, 
Department of Histopathology, 
“Level 1, John Radcliffe Hospital, 
| Headington, Oxford OX3 9DU. 
“Tel: 817476 by the 15th April 
|. 1984. (1469)A 





NIVERSITY OF YORK 
DEPARTMENT OF BIOLOGY 
GRADUATE RESEARCH 
< ASSISTANT 

uired to work on an AFRC 

i project on ribulose 











mmencing as soon as 








THE UNIVERSITY 
OF LEEDS 
DEPARTMENT C4 
MICROBICLOGY 


LECURER (Non-clinical) 


Applications are invited for the 
above post available immediately. 
Research interest and teaching 
experience in bacterial genetics or 
biochemistry of antibiotic action or 
resistance are required. Candidates 
will also be required to involve them- 
selves in clinical research projects 
within the department as well as to 
teach relevant aspects in the courses 
provided for medical and dental 
students and in the BSc Honours 
Microbiology scheme. 


Salary on the scale for lecturers: 
£7,190 — £14,125 (subject to review 
from ! April 1984) according to age, 
qualifications and experience. 


Application forms and further par- 
ticulars may be obtained from The 
Registrar, The University, Leeds L.S2 
9JT quoting reference number 
96/34/D. Closing date for 
applications 13 April 1984.(1518)A 


RSMAS/UNIVERSITY 
OF MIAMI 


POSTDOCTORAL POSITION 
IN PHYSICAL 
OCEANOGRAPHY OR 
METEOROLOGY 


Available for research on the oceanic 
or atmospheric aspects of climate in 
collaboration with CIMAS Fellows 
and using the facilities of the 
Rosenstiel School of Marine and 
Atmospheric Science and NOAA’s 
Atlantic Oceanographic and 
Meteorological Laboratory. 


One year appointment extendable 
to two years. Salary to $27,300 based 
on experience, Applicants should 
submit a résumé, a statement of 
research interest and the names of 
three references to: 


Dr William W Fox, Jr, Director, 
Cooperative Institute for Marine and 
Atmospheric Studies, RSMAS/ 
University of Miami, 4600 Ricken- 
backer Causeway, Miami, FI 33149. 
(305) 361-4185 


An Equal Opportunity/Affirma- 
tive Action Employer. (NW404)A 


Starting salary £6,310 per annum, 
with USS, within range 1B of the 
research and analogous salary scales. 


Informal enquiries can be made to 
Professor Rachel Leech, Department 
of Biology (0904 59861 ext 5797). 
Two copies of applications and 


curricula vitae, naming two referees, 
should be sent by 26 April 1984 to 


Registrar’s Department (Staff 
Appointments), University of York, 


quote reference number 11/7117. 


(1481)A F) 











Heslington, York YOL SDD. Please 


- Experimental Station — 
Harpenden, Herts, AL5 2JQ } 


AERODYNAMICIST, PHYSICIST or METEOROLOGIST to workin 
the Physiology and Environmental Physics Department on the 
theory and measurement of turbulent dispersion amongst crop 
foliage, and on the distribution of small particles such as funga 
spores and spray droplets. A major part of the work will be thi 
development of new theories of dispersal and deposition ir 
turbulent flow e.g. using Markov chain models of particle 
trajectories, but there will also be a need for experimental work both 
in the wind tunnel and in field crops. ee 





Qualifications: First or upper second class honours degree inf 
physics, or applied physics, aeronautics or meteorology. Research fo 


degree advantageous. 


Appointment in the grade of Higher Scientific Officer, £7,149- D i 
£9,561 or Senior Scientific Officer, £8,970-£11,476. None § 


contributory superannuation. 


Apply by letter to the Secretary giving the names and — : : 
an of two referees and quoting Ref: 542 by 19th April. F 


Further details on request. 


PHYSICIST or MATHEMATICIAN required to work in the f 
Physiology and Environmental. Physics Department, to providea g 


quantitative framework for the analysis and interpretation of results 
from experiments investigating the response of plants to their 
environment. The person appointed will develop mathematical 
models in collaboration with physicists, physiologists and 
biochemists, and become involved in the experimental programme 
to test the models. 


Qualifications: First of upper second class honours degree in 
physics or other relevant subject. Postgraduate experience, and 
preferably a higher degree, in research that has included much 
computing and analysis and also close contact with experimental . 
science. 


Appointment in the grade of Higher Scientific Officer, £7,149- 
£9,561 or Senior Scientific Officer, £8,970-£11,476. Non- 
contributory superannuation. pk 


Apply by letter to the Secretary giving the names and f 


oo of two referees and quoting Ref: 543 by 19th April 


Further details on request. 


We are equal opportunities employers. (I505)A : : 





HAN UNIVERSITY 
FACULTY OF HEALTH SCIENCES 


Applications are invited for 


PROFESSOR AND CHAIRMAN OF 
BIOCHEMISTRY jam | 


Applicants should be capable of planning, organizing 


THE AGA K 





-and implementing a curriculum for medical students, = 


interfacing with the clinical biochemistry unit of the ~~ 
University Hospital, developing a research programme = 
and establishing a new department. TS 
Candidates must have a Ph.D. or M.D. degree, leader- 
ship qualities, strong medical school teaching back- 
ground, record of research accomplishments and 
administrative experience. 


Salary and benefits will be commensurate with 

qualifications and experience. Please send detailed 
resumé and names of at least two referees to the a 
Personnel Director, The Aga Khan University, P.O... 


Box 3500, Stadium Road, Karachi, Pakistan. _ 











Classified 14 


SCIENTIST 
(Immunopharmacology) 


| Cetus Corporation, a leader in bio- 
technology, has a new position 
T availabie within our Pharmacology 
< ond Toxicology group. Initial re- 
sponsibilities will include develop- 
ing efficacy, toxicology, metabo- 
ism and distribution studies for our 
anticancer immunotoxin program. 
Requirements include a Ph.D. in 
immunopharmacology, Toxicolo- 
gy or related field and 3-5 years’ 
experience, preferably in an indus- 
trial setting. Experience in working 
with animal models, monocional 
antibody technology and peptide 
toxin studies is desirable. This is an 
excelient opportunity for career 
advancement in a cutting edge 
research environment devoted to 
health care product development. 
For confidential consideration, 
please send your resume fo: 


Dr. A. Frankel 
Cetus immune Corporation 
3400 West Bayshore Road 
Palo Alto, CA 94303 




























cetus. 


An equal opportunity employe: 
mt handicapped 











RESEARCH 
PHARMACOLOGIST 
The Position; Available July 1, 1984. 
Supervises activities of a fully equipped 
and staffed research laboratory allied 
with active basic and clinical research 
program in cardiovascular disease at St. 
Michael's Hospital, a University of 
Toronto teaching hospital. The 
research program is dedicated to 
problem solving in coronary artery 
disease, heart failure and cardiac 
arrhythmias. Primary academic 
appointment at University of Toronto 
will be in the Department of Medicine 
with cross appointment in Department 
of Pharmacology through which 
graduate students may be supervised. 


The individual: The applicant should 
have a PhD and be experienced in all 
aspects of drug assay development and 
pharmacokinetics. Prior experience in 
cardiovascular pharmacology and 
physiology is desirable. Appointment at 
assistant or associate professor level, 
salary commensurate with 
qualifications and experience. 


Please apply to: Dr. J. Platt, Associate 
Executive Director, St. Michael's 
Hospital, 30 Bond Street, Toronto, 
Ontario, Canada M5B 1W8. 
INW39T)A 





iF Research Laboratory 
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Director 


Battelle's Columbus Division has an imm: 
diate opening for an individual to manage F 
all program and business activities for the 
Charles F. Kettering Research Laboratory 
in Yellow Springs, Ohio. The Charles F 
Kettering Research Laboratory was estab- 
lished in 1953, and conducts research on- 
the fundamental processes of nitrogen fix- | 
ation, photosynthesis, and symbiosis asa | 
means to impact on world food supply, | 










The successful applicant should have a 
Ph.D. in an appropriate area of plant sci- 
ences and a working knowledge of molec- 
ular genetics. This position will require 5 or 
more years of applicable management 
experience and a demonstrated ability to 
attract quality research staff and research 
funds. The ability to develop and implement 
a long-range research plan for the devel- 
opment of the laboratory is also an essential 
requirement. 


Battelle offers a competitive salary, excel- — 
lent employee benefits and career growth <j 
opportunities. Interested individuals should 
send resumes to Dick Shaw, Employment, 
Department A-2. 

PAOS (NW394)A 


Š% Battelle 


Calumbus Division 
505 King Avenue 
Columbus, Ohio 43201 


An Equal Opportunity Affirmative Action Employer 
























Research Scientist 


Oceanographic Geology and Geophysics 


Surrey-based with overseas travel 
The institute of Oceanographic Science is seeking a young scientist 
with a few years postgraduate experience to join its Geology and 
Geophysics Group. 















Some areas of the ocean floor are poorly mapped and understood 
and exploratory geophysical cruises are required to define their 
regional geology. Other areas have potential economic use and 
require detailed geological and geophysical examination. One 
possible use is for the disposal of high-level radioactive waste and 
the Institute is currently investigating the feasibility of the safe 
disposal of such waste in sedimented areas of the ocean floor. 


The successful candidate will work under the guidance of an 
experienced senior scientist and in close association with other 
personnel. Most of the work will be concerned with the conduct of 
marine geophysical surveys (using acoustic profiling, side-scan 
sonar, near-bottom profiling and photography) and the analysis of 
the data obtained. It will involve going to sea on research ships for a 
month or two each year. As time goes on increased emphasis will be 
placed on the use of near-bottom measurements and sampling. 













co Candidates should have a degree in geophysics, geology, 

|o oceanography or physics. Some experience in the use of marine 

¿o geophysical techniques would be desirable. 

-o Appointment will be made in either the Scientific Officer (£5,682- 
-£7,765 p.a.) or Higher Scientific Officer (£7,149-£9,561 p.a.) grade 

according to qualifications and experience. Starting salary may be 

above the scale minimum. 















o Application forms are available from: 

_. The Secretary, Institute of Oceanographic Sciences, Brook 
Road, Wormley, Godalming, Surrey GU8 5UB. Telephone: 

>: Wormley (042879) 4141, ext. 272. Please quote reference 

BAF 002) 110. 

-Closing date for applications: 5 April 1984. (1508)A 


-NATURAL ENVIRONMENT RESEARCH COUNCIL 










to study the biosynthesis of 
photosynthetic pigments and related 
molecules. Recent PhD in bio- 
chemistry, plant physiology, or 
related field is required. Experience 
with enzyme characterization and/or 
tetrapyrrole biochemistry is 
desirable. 


Send curriculum vitae and names 
of three references to: Samuel I 
Beale, Division of Biology and 
Medicine, Brown University, 
Providence, RI 02912. Brown 
University is an Equal Opportunity/ 
Affirmative Action Employer. 

(NW403)A 





UNIVERSITY OF OXFORD 
IN ASSOCIATION WITH 
WORCESTER COLLEGE 


UNIVERSITY LECTURESHIP 
IN PHARMACOLOGY 


Applications are invited for the 
above post. Stipend according to age 
on the scale £7,190 to £15,085. The 
successful candidate may be offered a 
stipendiary Tutorial Fellowship by 
Worcester College. Details from: Sir 
William Paton, Department of 
Pharmacology, South Parks Road, 
Oxford OX1 3QT, to whom applica- 
tions (nine typed copies; two for 
overseas applicants) with the names 
















April 1984 


of three referees should be sent by 30 
11984... 0 > OANWI47S)A | | 





BROWN UNIVERSITY THE UNIVERSITY 
F SHEFFIELD 
POSTDOCTORAL Ones : | 
RESEARCH ASSOCIATE DYSON CHAIR OF NON- 
METALLIC MATERIALS; 


Applications are invited for the 
Dyson Chair of Non-Metallic 
Materials in the Department. of 
Ceramics, Glasses and Polymer: 
tenable from a date to be arrangeg 








oo 

Salary on the range for pro- 
fessorial staff (minimum £17,275; 
average £20,300). Particulars from 
the Registrar and Secretary 
(Staffing), The University, Sheffield 
S10 2TN to whom applications fone 
copy), including the names and 
addresses of three referees, should be 
sent by 30 April 1984. Quote refi R 
48/G. (1490A 





NEUROGENETICSOF _ 
DROSOPHILA ; 


POSTDOCTORAL 
ASSISTANT 

position available immediately, 
Research involves application Q 
recombinant DNA technolog 
neural genes of Drosophila. < 
appointment, which will be for: 
year in the first instance on the scal 
28,000 —- 34,000 DM (metto) pa, ma: 
be extended for a further period 
two years, ' 




























| 
c 
t 


Applications with CV, resea 
interests and other relevant << 
including the names and addres 
three referees should be se 
Lehrstuhl fiir Genetik, Ront 
11, 8700 Würzburg, Germa 
















CSIRO 
RESEARCH FELLOWSHIP 


$A24,344 — $A35,806 


DIVISION OF SOILS 
CANBERRA ACT 


§ CSIRO conducts scientific and technological research in 
§ © laboratories located throughout Australia and employs about 7,500 
4 | staff, of whom some 2,900 are professional scientists. The 
§ Organization's research activities are grouped into five institutes: 
_- Animal and Food Sciences, Biological Resources, Energy and Earth 
§ Resources, Industrial Technology and Physical Sciences. The 
§ CSIRO Division of Soils is a Member of the Institute of Biological 
§ Resources. 
§ FIELD: Soil management. 
§ GENERAL: The CSIRO Division of soils studies the physics, 
chemistry and biology of soils and other porous media, together with 
§ the integrative disciplines of pedology and geomorphology. It also 
seeks to establish principlee for the application of soil science to 
agriculture, forestry, hydrology, engineering and conservation. The 
division has laboratories in Adelaide, Brisbane, Canberra and 
a. Townsville. 
yg The Division proposes to appoint a Research Fellow to participate 
_ in “Siragcrop’’, a collaborative project on soil and other constraints 
>On irrigated crop production within the CSIRO Institute of Biological 
Resources. The Division of Soils component of the project will focus 
¿cOn Structural and mechanical problems presented by soils in which 
Structurally unstable surface horizons overlie dense and 
impervious clay subsoils. Field work will be concentrated at a site 
|. close to the CSIRO Centre for Irrigation Research at Griffith, NSW. 
g DUTIES: The appointee will study aspects of the nature, origin and 
§ consequences of soil structural instability in irrigation agriculture. 
§ The study will address the physical-chemistry of these soils in 
-c felation to their mechanical and physical properties and will seek to 
identify means for their amelioration to ensure long-term crop 
productivity. The research will involve both laboratory and field 
§ studies and will complement that of biologists and applied scientists 
§ in Adelaide, Canberra and Griffith. 
§ QUALIFICATIONS: A PhD degree or equivalent qualifications, with 
demonstrated research ability and training in soil physics, soil 
g mechanics, or physical chemistry. 
= LOGATION: The successful applicant will be based in Canberra, 
C 












t 

NURE: A fixed term of 5 years. Australian Government 

} Superannuation benefits are available. 

g APPLICATIONS: Stating full personal and professional details, the 
| fames of at least two referees and quoting reference no A0584, 

should be directed to: 

The Chief 

“ CSIRO Division of Soils 

“GPO Box 639 

~ CANBERRA ACT 2601 

es AUSTRALIA 

z: By. April 19th 1984, 


gues 


(W840)E 


-ISTITUTO NAZIONALE DI FISICA NUCLEARE 
LN.F.N. 


pe Laboratori Nazionali di Legnaro 

| TWO POSTDOCTORAL FELLOWSHIPS 

| IN EXPERIMENTAL NUCLEAR 
STRUCTURE PHYSICS 


: Applications are invited for the above posts which are now vacant 
-andare funded by INFN for the period 1 October 1984-30 September 
985. The successful candidates will be expected to initiate and 
ssist with research at the 16 MV Tandem Van de Graaff accelerator 
of the Legnaro Laboratories. 

Applicants are expected to hold a PhD degree in Nuclear Structure 
“Physics and should have an aptitude for pursuing research in 
xperimental physics. 

he gross salary will be 1,500,000 Italian lire per month for twelve 
nonths. 

\pplications with full cv and names of two referees and 















FELLOWSHIPS 













1 of three referees before May 18 to 


Oakland, CA 94608 









SANDOZ RESEARCH 
INSTITUTE 
Vienna, Austria 


is one of three international research centres of the Swiss 
based phamaceutical company SANDOZ. ae 
Currently we offer a 


POSTDOCTORAL | 
FELLOWSHIP | 


in our Department of IMMUNOLOGY for research in cellular. f 
immunology. The candidate should hold a PhD oran | : 
equivalent degree. Background in basic immunology ff 
necessary. me | 













The successful candidate will find excellent working $ 
conditions in well equipped laboratories. The appointment E 
will be for an initial 2-year period. We offer an attractive $ 
salary. Travel expenses from and to the country of originwill F 
be paid. ree 












Please send application with curriculum vitae, two. $ 
references and list of publications to | 







Dr. N. Zacheri, Personnel Manager, 
SANDOZ Forschungsinstitut, 
Brunner StraBe 59, 
A-1235 Vienna, Austria. 






(W834)E 





ZMBH 
Zentrum für Molekulare Biologie 
University of Heidelberg, W-Germany | 


POSTDOCTORAL FELLOWSHIP IN | 
MOLECULAR NEUROBIOLOGY | 


Applications are invited for a postdoctoral fellowship to work onthe f 
molecular cloning and expression of neuroreceptors in the vertebrate | 
central nervous system using recombinant DNA techniques. |- 
Preference will be given to applicants with a background in molecular | 
biology. | oe 
Appointments will be for two years initially. Salary according to Federal. {1 
Regulation (BAT lla). RaR 
Applications including a curriculum vitae, statement of — : 
research interests, and the names of two references should be |- 
sent to: Dr H. Betz, ZMBH, Zentrum fiir Molekulare Biologie, Im $ 
Neuenheimer Feld 364, 6900 Heidelberg, FRG. (W823)E 


ADVANCED GENETIC l 
SCIENCES, INC. Please mention | 
POSTDOCTORAL ee 
FELLOWSHIP IN 

BACTERIAL GENETICS 


ede 


Applications are invited for a two 
year research position in molecular 
biology of Pseudomonas. 


Send a curriculum vitae and names 


when replying to — 
these advertisements 


G J Warren, Advanced Genetic 
Sciences, Inc, 6701 San Pablo Ave, | 
Di La ki  ANW40R)E Go 
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“number of research projects. 


Crawford) 


expression (Dr A.M. Fried) 


~ IMPERIAL CANCER RESEARCH FUND 
Research Fellowships 
Postdoctoral Fellowships are available in the Fund's laboratories for a 
-The awards will be tenable for three years on salary range £8,530 to 


-£10,710 plus £1,250 London Weighting, depending on qualifications 
Te experience. Appointments are available in the following fields: 


The role of papillomaviruses in human tumours (Dr L.V. 


Development of a new series of anti-tumour agents based on 
prodrug concepts (Dr A.M. Creighton) 
Mammalian DNA sequences that enhance and regulate gene 


The role of cellular oncogenes in cancer metastasis (Dr |. Hart) 
Studies of the development and mechanisms of drug resistance 


oe ie in human tumour cells (Dr B. Hill) 
>i N6. Analysis of drug-radiation interactions in human tumour cells in 


vitro (Dr B. Hill) 


0 N7. Molecular genetic analysis of arenon pattern in Drosophila 


(Dr. D. ish-Horowicz) 


N8. Molecular biology of intermediate filaments (Or B. Lane) 
N9. Investigation of region specific markers in early embryos (Dr J. 


Molecular genetic approaches to chromosome changes in solid 
Molecular defects in inherited human connective tissue 


Anti-cancer effects of immunotoxins (Dr P. Thorpe) 
Analysis of the control of RNA processing using Xenopus 


The anti-tumour activity of interferons in in vivo and in vitro 
Structure and function of the lymphocyte surface membrane 
Analysis of oncogene expression in tissue sections using nucleic 


acid probes (Professor P. Isaacson and Dr W.F. Bodmer) 
Computer image processing techniques particularly for 2D gel 


Slack) 
N10. 

tumours (Dr E. Solomon) 
N11. 

disorders (Dr E. Solomon) 
N12. 
N13. 

oocytes (Dr J.G. Williams) 
N14, 

model systems (Dr F. Balkwill) 
N15. 

{Dr M. Crumpton) 
N16. 

= N17. 

analysis {Dr P.J. Vitek} 

N18. 


Geriatric control of growth and differentiation in human colonic 
epithelium (Dr W.F. Bodmer) 


Further details are available from The Personnel Officer, 
imperial Cancer Research Fund, Lincoin’s inn Fields, London 


<: WC2. Tel: 01-242 0200 ext 305, quoting reference N52/ 84. Piease 
give reference number of the project(s) which are of interest. 
Applications which should be accompanied by the names and 
addresses of three referees should be received by 20th April 1984. 





THE ROYAL SOCIETY 


JOHN PRINGLE 
FELLOWSHIPS 


~The late Professor J W S Pringle, 
SFRS, played a substantial role in the 
»-¢reation of the International Centre 
--Of Insect Physiology and Ecology 
“ -(ICIPE) in Nairobi. In his memory 
=the Society and the ICIPE are each 
- making available one John Pringle 
Fellowship annually. The Centre’s 
-programme of research in insect 
~ biology includes work in tesetse flies, 
_- ticks, crop borers, pest management 
and plant resistance to insect attack. 
T pplications are invited from UK 
ientists in appropriate fields of 
search to visit ICIPE for periods of 
yeen six weeks and four months. 
s intended that holders of these 
owships should be active research 
orkers but no age limitations are 
nposed. 
nternational fares will be 
vided by the Royal Society, with 
IPE covering local costs in Kenya 
the rate of KSh 9000 per month 
ipproximately £450). Applications 
3 Fellowships from Kenya to the 
K under similar conditions will be 
msidered by the ICIPE. 
urther information and 
lication forms for fellowships 





ble in Kenya may be obtained. 


the Executive Secretary (Ref: 
3M) The Royal Society, 6 
House Terrace, London 


— (S12)E. 





(1435) 


UNIVERSITY 
OF EDINBURGH 


DEPARTMENT Cb ZOCLOGY 


POST DOCTORAL 
RESEARCH FELLOWSHIP 


Applications are invited for an MRC 
funded post to investigate axonal and 
cellular interactions in vitro, using 
amphibian nervous tissue. 
Candidates should have experience in 
tissue culture and a background in 
cell biology or biochemistry would be 
helpful. The person appointed will 
join a smali team investigating the 
specificity of nerve connections in 


development and regeneration. A | 


well equipped laboratory and 
technical assistance are available, 


The post is tenable for five years 
starting as soon as possible. The 
salary range (Grade la) is £7,190 — 
£11,615. 


Applications (three copies, 
including CV and the names of two 
referees) to Dr R M Gaze, Depart- 
ment of Zoology; West Mains Road, 
Edinburgh, EH9 3JT. 





Please quote reference No 3157. 
oo (479E 














BOEHRINGER INGELHEIM 
(CANADA) 
RESEARCH FELLOWSHIP 
Position available immediately for an 
MD, or a PhD graduate in pharm- 
acology or physiology, to study basic 
and therapeutic aspects of aerosol 
drugs. The successful candidate will 


werk in an internationally known | 


university aerosol laboratory, on 
both clinical and theoretical applica- 
tions of respiratory therapy to human 
lung disease. A background in 
pharmacological aspects of thera- 
peutics or respiratory physiology and 
a proven ability to write up scientific 
research would be assets. The 
position will be 2 years duration, with 
possible extension. Salary is com- 
mensurate with Medical Research 
Council of Canada guidelines for 
fellowships, with further considera- 
tion for experience. 


Send curriculum vitae and the 
names of references to: Dr Michael 
T Newhouse, Firestone Regional 
Chest and Allergy Unit, St Joseph’s 
Hospital — McMaster University, 59 
Charlton Avenue East, Hamilton, 
Ontario, LEN 1 Y4. (NW387)E 


JOHNS HOPKINS 
UNIVERSITY 
SCHOOL OF MEDICINE 


DEPARTMENT OF PHYSIOLOGICAL. 
CHEMISTRY 


POSTDOCTORAL 
FELLOWSHIP 


available July 1984 for the bio- 
chemical study of cell-cell interac- 
tions in the cellular slime mold, 
Dictyostelium discoideum. Current 
work is focused on a purified 
adenylate cyclase and surface cAMP 
receptors, the key components of the 
intercellular signaling system. 
Experience in biochemistry or cell 
biology is desirable. Send résumé and 
names of three references to; Dr Peter 
N Devreotes, Department of 
Physiological Chemistry, The Johns 
Hopkins University School of 
Medicine, 725 North Wolfe Street, 
Baltimore, Maryland 21205. 
(NW 393)E 





UNIVERSITY OF 
BIRMINGHAM 
FACULTY OF MEDICINE 
AND DENTISTRY > 
DEPARTMENT OF PHYSIOLOGY 
Applications invited for a 
POSTDOCTORAL ¢ 
RESEARCH FELLOWSHIP 
funded by British Heart Foundatio: 
for a two year period starting 1.1 
or later to work on ‘capillary grow! 
and heart performance in hearts wil 
a compromised vascular supply’ 
Experience in cardiovascula 
physiology and some experience i 
surgery desirable. 


Salary on scale Research Fellow |) 
£7,190-11,615 with superannuatior 
Further information contact Dr { 
Hudlicka, Department of Physiolog 
in writing. Applications (thre 
copies) to Assistant Registrar 
Medical School, Birmingham Bl 
2TJ by 9 April 1984. Quote Re 
RF/Phy/OLH. (147DE 


UNIVERSITY OF 


NOTTINGHAM = 
SCHOOL CF 
AGRICULTURE 


POSTDOCTORAL 
FELLOWSHIP 
PHYSICIST/CHEMIST/ 
BIOPHYSICIST 


Applications are invited for a 
AFRC funded Research Fellowshij 
to investigate fundamental aspects o 
the structure of the starch granul 
involving such techniques as X-ray 
neutron and electron diffraction ani 
nmr. Previous experience in some o 
these techniques is essential. Salary 
on the postdoctoral scale whicl 
commences at £7,190 pa. The projec 
is scheduled to commence as soon a 
possible. i 








Applications containing cv an 
names of 2 referees should «bt 
submitted at the earliest opportunit: 
to J M V Blanshard, Dept of Appliei 
Biochemistry & Food Science 
University of Nottingham, Schoo? 
Sutton Bonington 
CLE 






Agriculture, 
Loughborough, Leics. 





CONFERENCES and COURSES 


MARICULTURE: CULTURE OF 
MARINE INVERTEBRATES FOR > 
RESEARCH PURPOSES 
May 20-26 1984 Carl J Berg Jr Course Director 


This one week program provides a detailed review of current. 
information on the culture of marine invertebrates together with > 
intensive laboratory training in culture techniques and in the main-. 
tenance of mariculture systems. The course is designed for scientists ~~ 
and advanced technicians interested in rearing invertebrates for 
research, for those already doing mariculture, but who wish to review 
the state of the art or who want to culture animal groups with whi 
they are unfamiliar; and for investigators who are experiencing spect 
problems with existing mariculture systems, limited enrollment. 


Faculty: Judith Capuzzo, Roger Mann, and Nancy Marcus, wh 
Roger Doyle, Dalhousie; Roger Hanlon, Texas (Galveston); Jol 
Hughes, Mass. Lobster Hatchery, Louis Leibovitz, MBL/Corne 
Rogert Guillard, Bigelow Laboratories; Stephen Spotte, Mi 
Aquarium, Louis Garibaldi, New York Aquarium; Carol Bower, Insti 
for Aquariurn Studies; Stephen Sulkin, Maryland: and June Harr 


and Tom Capo, MBL. 


Deadline: April 9, 1984. For further information, inctudir: 
course syllabus, contact the Admissions Officer, MBL, Woo: 


Hole, MA 02543, (617)-548- 








3705 











dune 11-15 

June 18-22 

June 25-29 
| duly 24 


July 16-20 


“Frontiers of Science” 


1984 SCHEDULE — NEW HAMPSHIRE 


Cotby-Sawyer College iN} 
New London 


Tribology 
Nuclear Chemistry 


Catalysis 
Polymers 


Fiber Science 


Celby-Sawyer College (S) 
New London 


UV/Visible Multiphotons 
& Dissociation Processes 
Thermosetting Polymers 


Synthetic Membranes 


Theoretical Biology & 
Biomathematics 


*Liguid Crystal Polymers 


New Hampton School . 
New Hampton 


Nucleic Acids 


Photoconductivity & 
Related Phenomena 
Environmental Science: 
Water 


Fuel Science 


Heterocyclic Compounds, 


Chemistry of 


Kimball Union Academy 
Meriden 


Isotopes, Chemistry & 
Physics of 


Lipid Metabolism 


High Pressure, 
Research at 


Enzymes, Coenzymes & 
Metabolic Pathways 


Lasers in Medicine & 
Biology 


Tilton School 
Tilton 


Cyclic Nucleotides 
Animal Celis & Viruses 


“Temperature Stresses — 
in Plants 


Nuclear Proteins, Gene. 


Regulation & Chromatin 


Structure 


Nuclear Structure 
Physics 





Elastomers Thin Organic Films & Organic Reactions & Bones & Teeth, Chemistry, Metal Insulator Semi- 
Solid Surfaces enses Physiology & Structure of conductor Systems 
July 23-27 Corrosion Chemotherapy of Experi- Natural Products Interfaces, Chemistry at Quantum Solids & 
mental & Clinical Cancer Fluids 
July W-Aug.3 Medicinal Chemistry Ceramics, Solid State Stat.stics in Chemistry Toxicology Bioelectrochemistry 
) Studies in & Chemical Engineering . 
August 6-10 Extrachromosomal Pyrrole Compounds Water & Aqueous Hormone Action Magnetic Resonance in 
Elements Solutions, Chemistry & Medicine & Biology 
Physics of 
August 13-17 Separation & lonizing Channels in Analytical Chemistry Chemical Oceanography Plasma Chemistry 
Purification Muscle & Other Excitable 
Membranes 
August 20-24 Cancer Origin of Life Adhesion, Science of Photosynthesis, Bio- *Methanogenesis 
chemical Aspects of 
August 27-31 "Cybernetics, Nondestructive 
Fundamentals of Evaluation 


renner LL TLL OL NNN NNT TTC NNO AEN HN ONIN ashAe tne a a 
Proctor Academy 


Holderness School Brewhler Academy Plymouth State College (iN? Plymouth State College (8) 
Andover Piymouih Wolfeboro Plymouth Plymouth 
Mataraman aaka Oaai ro AAAA AAR EIT 
June i115 Plant Molecular Inotropic Agents: Physical Organic *Proteoglycans Holography & Coherent 
Biology Positive & Negative Chemistry Opties 
June 18-22 Hemostasis Biological Regulatory Radical lons Basement Membranes Proteolytic Enzymes & 
Mechanisms Their Inhibitors 
June 25-29 Eucaryotic Cells, Biopolymers, Physics & Radiation Chemistry Stereochemistry Lysosomes 
Introduction of Physical Chemistry of 
Macromolecules into 
July 24 Molecular Biology, Muscle: Contractile Renewable Resources, Immunochemistry & Mutagenesis 
Diffraction Methods in Proteins Chemicals & Materials Immunobiology 
from 
July 913 Chemical Senses: Particle Solid Microstructure Fabri- Mammalian Genital Tract Drug Carriers in Biology 
Taste & Smell Interactions cation, Chemistry & & Medicine 
Physics of 
July 16-20 Polymer Physics Photonuclear Electron Spectroscopy Fungal Metabolism Microbiological Safety 
Reactions i of Food 


July 23-27 
July ®-Aug. 3 


August 610 


August 13-17 


August 20-24 


August 27-31 


Program. The complete program for the 1984 Gordon Research Con- 
ferences is published in Science, March 2, 1984. Reprints are available 


mrp 


Physical Metallurgy 
Modeling of Fiow in 
Permeable Media 
Bioengineering & 
Orthopedic Science 


Organometallic 
Chemistry 


Mammalian Gametogenesis 


& Embryogenesis 


Drug Metabolism 
Dielectric Phenomena 


Plant Senescence 


Immobilized Systems 
in Biotechnology 


Organic Geochemistry 


High Temperature 
Chem istry 


Atomic & Molecular 
Interactions 


Inorganic Chemistry 


Dynamics of Simple 
Systems in Chemistry 
& Physics . 


Vibrational Spectroscopy 


Purines, Chemistry & 
Physics of 


Microbial Toxins 


Solid State Chemistry 


Electron Donor Acceptor 
Interactions 


*NEW CONFERENCES — 1984 


Cybernetics, Fundamentals of 
Liquid Crystal Polymers 
Methanogenesis 


. mation, should be addressed to: 


i Dr. Alexander M. Cruickshank, Director 
rdon Research Conferences 
sity of Rhode Island - 


equest. 
Requests for applications to the Conferences, or for additional infor- 


Proteog 


lycans. 


Temperature Stresses in Plants 


Pulmonary Biology 


Foams 


Magnesium in Biochemical. 


Processes & Medicine 


Coatings & Films 


FIXED CONFERENCE FEES — 1984 


Conferee (double occupancy) 
Non-resident Conferee (meals, no room) 
Guest troom, meals) . 


$235.00 
$195.00 
$175.00 


4 Feit fixed fee charged re ere of time conferee attends Con- 
J ore Plese noté delali of 












~ OXFORD SCIENCE STUDIES SUMMER SEMINAR 


THE QUEEN’S COLLEGE, OXFORD, JULY 14-28, 1984 


The seminar is intended to act as an international forum for discussions between scientists, scholars, policy- 
makers, teachers and others with professional or lay interest in science studies. It will explore topical issues by 
means of lectures, seminar sessions and contributed papers. 


July 14-21: THE STUDY OF SCIENCE 


What is science, and what are the prospects for a synthesis of the insights contained in contemporary 
philosophical, historical and sociological studies? 
Guest lecturers will include: Barry Barnes, Rom Harré, Robert Young & John Ziman. 


July 21-28: SCIENCE IN PUBLIC 


What does it mean to live in a scientific culture, and how are lay people to understand and respond to the 
esoteric products of scientific research? E 
Guest lecturers will include: Walter Bodmer, David Dickson, Sir Edmund Leach & Dorothy Nelkin is 


The two weeks may be attended either separately or in combination. 
The cost per week (inclusive of seminar fee and accommodation in Queen’s College) is 
£150 (residents of UK & EEC countries)/£200 (residents of other countries). 


Write for further information to: Dr. J. R. Durant, Room 5.27, Department of External Studies, University of 
Oxford, 3-7 Wellington Square, Oxford OX1 2JA. 
Tel. Oxford (0865) 52901 





MSc in Medical 
Immunology 


(University of London) 
An intercollegiate 4-centre course 


From Sept/October 1984 the University of London is offering a part- 
time two-year MSc in Medical Immunology which will be taught at the 
= Medical Schools of St Thomas’, St Mary's, The Middlesex and King’s 
College Hospitals. Additional teaching staff will corne from other 
Medical Schools and University Institutes. Teaching will be given on 
cone day per week and will comprise lectures, clinicopathological and 
- Jaboratory demonstrations, practical work and seminars, organized 
into 11 consecutive topics: (1} Introduction to Medical Immunology; 
-1 42) Molecular Immunology; (3) Cellular Immunology; (4) Autoimmunity 
and disease: (5) Arthritis, nephritis and vasculitis: (6) Extrinsic allergic 
disease; {7} Infective diseases; (8) Immunodeficiency; (9) Trans- 
<- plantation; (10) Immunology of neoplasia; (11) Principles of diagnostic 
-medical immunology, quality control and laboratory management. 
-During the two years students will also undertake a research project. 

= The Course is open to UK and overseas graduates in Medicine, 
Veterinary Medicine, Dentistry, Pharmacy or Biological Sciences, who 
are associated with a London University Teaching institution. Overseas 
applicants can be advised on appropriate attachments in London. 
‘xaminations will be held at the end of the second year: successful 
aminees. will be exempted from the MCQ/written paper of the 


















Regulation HM (67) 27. 
s hoped that the MSc Course will meet the career needs of medical 
d science graduates in clinical, diagnostic or academic specialties, as 
las being of value for those specializing in biotechnology or drug 
development. The closing date for applications is 1 July 1984. 

Further particulars, including the course syllabus and 
application form, are obtainable from the Secretary, 
Department of Immunology, St Thomas’ Hospital and Medical 
chool, London SE17EH. (1520)C 


























Primary MRCPath and the Course is approved for Study Leave under 






Biological Sciences, University of Warwick, Coventry CV4 


(1468)M 






INTERNATIONAL CONFERENCE ON : 
RNA TUMOR VIRUSES IN HUMAN CANCER | 


June 10-14, 1984 Denver, Colorado, USA 
Organized by the AMC Cancer Research Center, Denver. 


Topics Include: 
Oncogenes: Structure & Function; Virus-Related Sequences in Huma 
Cancer: Mechanisms of Virus-Induced Carcinogenesis; Experimenta 
Model Systems: Human Diseases Associated with RNA Tumor Viruses: 
{including AIDS and Hepatitis.) oe 


Invited Speakers Include: 
M. Rich (Conference Chairman), S. Aaronson, S, Astrin, M. Barbacid, 
D. Bolognesi, A. Burny, R. Callahan, J. Cooper, C. Croce, G. de Thé, 
P. Duesberg, M. Essex, P. Fischinger, D. Francis, M. Gardner; 
R. Gilden, W. Hardy, E. Hunter, K. Kelly, M.A. Lane, D. Lowy, Ma 
Martin, T. Papas, M. Reitz, J. Schlom, D. Shafritz, J. Stephenson, Go 
Todaro, G. Vande Woude, i. Yerma, 
Deadline for abstracts and preregistration (required) is May 15, 1984; 
Fee: $325 ($175 student) : 
Special discount airfares to Denver are available for this meeting. Call 
Garber Travel at 1-800-225-4570 (617-787-0600 in Massachusetts} for. 
reservations. ae 
For further details and registration forms contact: Dr Jean | 
Hager, Conference Coordinator, AMC Cancer Research Center, 
6401 West Colfax Avenue, Denver, CO 80214, USA, telepho 
303-233-6501 INW470)M. 




































EMBO WORKSHOP | 

GENE EXPRESSION IN MICROINJECTED XENOPUS 
OOCYTES AND EMBRYOS . 

September 9-19, 1984 eee 

Warwick University, England _ os 

INSTRUCTORS INCLUDE: A. Colman (Warwick), C. D 

(Tubingen), E. Jones (Warwick), M. Kirschner (San Francisco), R 

(Warwick), C. Phillips (San Francisco), M. Vlad (Warwick 

Woodland (Warwick), _ So) sai Aa oo 

TECHNIQUES TO BE COVERED: Microinjection of DNA and RN, 

into xenopus oocytes and embryos, followed by the anor 

analytical assays. Localization of nucleic acid and sequences by! 

hybridization to gro hes and embryo sections. Protein localization 
antibody binding techniques. roy Sapir chromosome preparati 

ENQUIRIES TO: A. Colman & H. Woodland, Departme 
























K. (Tel. ext 





























yi z qüälities a and qualifi- 
ir ae the most influential 


u ts must be pre-paid ana 

Nature Classified (Appts 
ttle Essex Street, London 

< {890)B 


AR medic (18) seeks vacation 
tzerland/Germany. Fluent 
and English, passable 
+- Has worked as assistant 
isherman. V. good A-levels. 
anytime. ‘‘Write Box 1494, c/o 
4 Little Essex St, London 
(1494)B 






















FANIST, age 21, BSc Third, 
cological background, seeks 
sting work or research. Box no 
Toco Nature, 4 Little Essex 
, London WC2R 3LF. 

(1$07)B 








ACCOMMODATION 


PLEASANT home to let May 2nd 
May iSth. Situated ona small farm 
< beautiful Chiltern Valley nr 
ley-on-Thames. Also for two 
ks in October. Sleeps 4. From 
/84 to March/85 a comfortable 
room and breakfast. Box No 1465, 
c/o Nature, 4 Little Essex Street, 
London WC2R 3LF., (1466)S 





THE UNIVERSITY COLLEGE 
OF WALES 
ABERYSTWYTH 
DEPARTMENT GE 
AGRICULTURAL BOTANY 
MAFF POSTGRADUATE 
STUDENTSHIP 


Applications are invited from recent 
graduates in Agricultural Botany or 
Plant Pathology or from 
undergraduates who expect to obtain 
a First or Upper Second Class 
Honours degree in June. The 
successful candidate will work in a 
group under the supervision of Dr D 
Gareth Jones and will study aspects 
of: Resistance to Pyrenopeziza 
brassica and Alternaria brassicae in 
genotypes of oil and rape. 


Applicants are asked to send for 
the relevant form to: The Registrar 
(Admissions Office), The University 
College of Wales, Old College, King 
Street, Aberystwyth, SY23 2AX. 
Closing date for applications: 
Thursday, 31 May, 1984. (1S09)F 





ARC INSTITUTE OF 
ANIMAL PHYSIOLOGY 
Babraham Cambridge CB2 4AT 


STUDENTSHIPS 


Applications are invited from final 
year students expecting to graduate 
with a Ist or upper 2nd class honours 
science degree or in medicine or 
veterinary medicine for up to four 
AFRC/MRC Research Studentships. 
Available projects include work on 
growth factors, enzymic control of 
inositide cell cycle, monoclonal 
antibodies to sex steroids, electro- 
physiology of gonadotroph and 
somatotroph cells, gene insertion 
into mammalian eggs, immune 
tolerance, and histocompatibility 
antigens. 


Successful applicants may expect 
to be registered as research students 
at Cambridge University. 


Please write for application forms 
which should be returned to the 
Director, Dr B A Cross CBE FRS by 
20th April 1984. (1495)F 





UNIVERSITY 
OF ESSEX 


DEPARTMENT OF 
BIOLOGY 


NERC CASE STUDENTSHIP 


Influence of surfaces upon surfactant 
degradation by microorganisms. 


Applications are invited from 
microbiology graduates or those 
about to graduate for a CASE 
studentship leading to a PhD. The 
project in collaboration with 
Unilever Research will investigate 
surfactant degradation i in laboratory 
chemostats and in natural aquatic 
sediments. 


Applications with a curriculum 
vitae and the names of two referees 
should be sent to Dr D B Nedwell,. 
Department of Biology, University 
of Essex, Colchester CO4 3SQ, from 
whom further information may be 
obtained by 5 April 1984, (1499)F 


STUDENTSHIPS 


THE UNIVERSITY OF 
ASTON IN BIRMINGHAM 


DEPARTMENT OF 
GEOLOGICAL SCIENCES 


NERC PhD STUDENTSHIPS 


Two studentships are available 
chosen from the following topics: 


Palaeomagnetic constraints on the 
geological evolution of the Central 
Andes (Lat 23°S, Northern Chile) — 
Dr P Turner. 


Sulphide ore minerals: surface 
chemical properties and their minera- 
logical and geochemical signficance 
— Dr DJ Vaughan 


Microstructural studies of base 
metal sulphides bearing on problems 
of ore genesis — Dr D J Vaughan and 
Dr J R Ashworth 


Graduates in geology or other 
physical sciences are invited to apply. 


Applications should be sent to Pro- 
fessor D D Hawkes at the 
Department of Geological Sciences, 
the University of Aston, Birmingham 
B4 JET, as soon as possible, 

(1492)F 


UNIVERSITY 
OF NOTTINGHAM 


MAFF STUDENTSHIP 


Applications are invited for a 
research studentship to carry out 
research on agronomic studies in 
semi-leafless peas, leading to a PhD 
degree. The successful candidate 
would join a very active group 
working on the pea crop. 


The Studentship, which is funded 
by the MAFF is tenable for 3 years, 
commencing ist October, 1984. 
Applicants expecting or having a 
good Honours degree in Agriculture 
or Plant Science and resident in 
England or Wales, should send their 
CV and the names of two referees to 
arrive not later than 30th April, 1984 
to: Dr P D Hebblethwaite, Dept of 
Agriculture and Horticulture, 
University of Nottingham, School of 
PEN MTE, Sutton Bonington, 

Loughborough, Leics. (1485)F 


UNIVERSITY OF 
NOTTINGHAM 


SCHOOL OF AGRICULTURE 


SUTTON BONINGTON 
DEPARTMENT OF PHYSIOLOGY 
AND ENVIRONMENTAL SCIENCE 


MAFF RESEARCH 
STUDENTSHIPS 


Applications are invited from 
students who hold or expect to obtain 
a first or upper second class honours 
degree in Plant Science or a related 
subject, for two three-year student- 
ships leading to PhD’s. The projects 
are on: Epidemiology and control of 
Sclerotinia on oilseed rape, and 
Physiology of pod-shatter in oilseed 
rape. Further details can be obtained 
from Dr S Rossall and Dr JA 
Roberts respectively, Department of 
Physiology and Environmental! 
Science, School of Agriculture, 
Sutton Bonington, Loughborough 
LEI2 5RD, to whom applications 
with the names and addresses of two 
referees should be submitted, 
(1463)F 








gi Kingsdale Press, Reading, Berks, member of the St. Ives Group, in association with.God 
AACMILLAN JOURNALS LTD, 4 Little Essex Street, Landon W 

















Medical Research Counc 

MRC Experimental 
Embryology and 
Teratology Unit 


















STUDENTSHIP 









Applications are invited for an 
MRC postgraduate student 

which it is hoped will bi 
for commencement. in ‘Octo 
1984 and will be: tenable for 3 
years leading to a PhD. degree of 
the University of London: : 


The preferred research area. “will ae 
be intermediary metabolism inthe | 
mammalian organogenesis- f 
phase embryo and the) 
modulation of these pathways by sf 
chemical teratogens. A 


Candidates should possess. ory 
expect to obtain a first. or upper: a 
second class honours degree in f 
biochemistry, developmental ‘or: 
molecular biology or other related | 
areas. 


Curriculum vitae with names | 
and addresses of two referees | 
should be sent to The 
Secretary, MRC Experimental | 
Embryology and Teratology 
Unit, MRC Laboratories, | 
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Carshalton, Surrey SM5 4EF | 
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Applications are invited Tom [ 
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ships with the Applied. Geophysics 
Unit of the British Geological Survey — 
which have been approved a the 
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(1) Development of Downho 
Induced Polarisation/Resistivity 
Systems. 


(2) Development of T ransient 
Electromagnetic (TEM) Mathemat- 
ical Modelling Techniques. 


Enquiries from students interested : 
in appeal awards in seismology n 
Kenya or the UK are also invited. 


Applications, which should abo” 
include the names of two referees; 
should be sent to Dr M A Khan, 
Department of Geology, The 
University, Leicester LE] 7RH, from 
whom further information may- 
obtained. (1467) 
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The FACS Analyzer and our Leu Monoclonal Antibodies— 
the system for two color analysis. 
More answers. Better answers. In less time. 


Becton Dickinson's total immuno- 
monitoring system provides you with 
a new standard of analysis. A stan- 
dard that not only gives you better 
reproducibility, but also the flexibility 
you need for new applications in 
cellular immunology. 


Collect more data faster, at 
higher levels of sensitivity. 


With sensitivity comparable to 
laser-based cell sorters, the FACS 
Analyzer combines unparalleled 
versatility and convenience for high- 
throughput analysis of human leuco- 
cyte subpopulations. This benchtop 
instrument enables you to study 
up to four cell parameters including 
volume, light scatter, and two 


fluorescence signals. In addition, 
the Consort-30™ data management 
package provides easy-to-use 
software for immunomonitoring. 


The broadest range of 
monoclonal antibodies. 


Monoclonal antibodies from Becton 
Dickinson have set the standard 
of quality for reagent purity, stability, 
and reliability. They give you the 
greatest number of options with the 
broadest range of unique specific- 
ities and conjugates. 

In addition to the classical mono- 
clonal reagents for T cells, Becton 
Dickinson antibodies now are avail- 
able for B cells, NK cells, monocytes, 
and granulocytes as illustrated in 
The Monoclonal Table. 





For research use only. Not for use in human diagnostic or therapeutic procedures. 
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Anti-Leu-2a PE 
Orange Fluorescence Intensity 


Green Fluorescence Intensity 
Anti-Leu-3a + 3b FITC 


Analysis of T helper/inducer cells and T cytotoxic/ 
Suppressor cells from a single whole blood sample, 
using two-color direct immunofluorescence. 


Clinical research in cellular 
immunology made easier. 


Worldwide, this automated 
instrument/reagent system is used 
in routine studies of immunodeficien- 
cies, transplantation, cancer, and 
infectious diseases. The closed 
flow system of the FACS Analyzer 
coupled with directly conjugated 
reagents, provides the ideal system 
for safe and convenient 
immunomonitoring. 

+ 


BEC ] ON Becton Dickinson Becton Dickinson 


_ DICKINSON 


Superior Quality 


See us at FASEB Booth Numbers: F-51, 53, G-50, 52 





Whole blood analysis. 


The FACS Analyzer easily dis- 
criminates between lymphocytes, 
monocytes, and granulocytes in 
whole blood using high-resolution 
wide angle light scatter and cell 
volume measurements. 


Phycoerythrin* for two-color 
analysis. 


Only Becton Dickinson offers a 
total system for simultaneous two- 
color immunofluorescence analysis 
of leucocyte subpopulations. The 
FACS Analyzer, when used with 
Becton Dickinson fluorescein and 
phycoerythrin conjugated antibod- 
les, permits discrimination of up to 


four distinct leucocyte subpopulations. 


“Patent pending 


FACS Systems and 


Monoclonal Center 

2375 Garcia Avenue 
Mountain View, CA 94043 
Telephone (415) 968-7744 
TELEX 910 338 2026 





T helper cells fluoresce yellow-orange with 
Anti-Leu-3a PE; T suppressor/cytotoxic cells 
fluoresce green with Anti-Leu-2a FITC. 


The New Standard— 
a total instrument/reagent system 
for answers in cellular immunology. 


Contact Becton Dickinson today for 
complete information and a free full- 
color poster of The Monoclonal Table. 






Laboratory Systems 
Antwerpsesteenweg 259 
2800 Mechelen 


BELGIUM 
Telephone 015/291043 
TELEX 846 72096 


Becton Dickinson Immunocytometry Systems 


iboprobe 


Gene Analysis System 





o May make 
nick translation obsolete. 


g Increases Northern/Southern 
blot sensitivity up to 10 fold. 


[and/or reduces exposure times up to 10 fold} 


o Eliminates the need 


to isolate probes from gels. 


g Increases 


in situ hybridization sensitivity. 


o Eliminates the need to end label 
probes in many applications. 


A complete Riboprobe system technical information 
packet is available, including: é 


—References —Schematic protocols 
—Applications data —Product specifications 
—Plasmid maps —Ordering information 


Riboprobe™ Gene Analysis System 
Authorized Distributors: 


Promega Biotec 
P & S Biochemicals Ltd Yliopiston Apteekki 

38 Queensland Street Kermikaaliosasto 

Liverpool L7 3JG, England Kalliolannnne 6 

Telephone; 051-709-4701 00510 Helsinki, Fintand 

Telex. 627694 HYDRO G Telephone: 90-717100 
Telex. 121708 UNIVE SF 

Cogert 

79 Rue des Morilions Eisenberg Brothers, Lid 

75015 Paris, France Asia House 

Telephone. 1-533-67-17 P.O. Box 33638 

Telex: COGER 204046F Tel-Aviv, Israel 
Telephone: 3219111 





Telex. 33-511 EISGR IL 


Current research confirms that F 
be used successfully for gene p 
providing greater sensitivity thar 
achieved with similar DNA prob: 
our technical information sheets 
ences). The Riboprobe™ gene 
system offers a convenient vecti 
system for the preparation of m 
quantities of high specific activit 
stranded RNA's. These RNA’s ¢ 





suitable for use as probes, as F 
cessing substrates, and for othe 
plications where large amounts 
specific RNA’s or enhanced pr 


sensitivity is required. 


The Riboprobe system consist 
1) highly purified, RNase-free t 
ophage SP6 RNA polymerase, 
latest Riboprobe system SP6 \ 


(oSP64, pSP65) as developed 
ton, Krieg, and Green, ef. al. (s 
nical information sheets for refe 


and 3) a Riboprobe system R 
marker template for use as af 


control. 


With the Riboprobe system, si 
ligate your DNA into one of thi 
Riboprobe system plasmids, { 


a recombinant plasmid by star 
plasmid propagation and purif 


techniques, linearize the recon 
plasmid with the appropriate r 
enzyme, add the Riboprobe < 
polymerase with labelled ribor 


tides, and incubate the reactic 


The Riboprobe system does ` 
is exceedingly efficient and, d 
on conditions, can synthesize 
10ug of RNA from 1p9 of plé 
template. The use of this RA 
improve or replace many in 
analytical procedures in mc 


biology. 


Seikagaku Kogyo Co. Lid 

Tokyo Yakugyo Bidg 

9-8, Nihonbashi-Honcho 2-chrome 
Chuo-ku, Tokyo, 103 Japan 
Telephone: 3-270-0966 

Telex. SKK J27140 


DS 

Scandinavian Diagnostic Services 
Box 40 

5-311 01 Falkenberg, Sweden 
Telephone: 0346-83050 

Telex: 38230 DIAGNO S 


Genofit, S. A 

5 Rue des Falaises 

1205 Geneva. Switzerland 
Telephone: 022-29-84-30 
Telex: 423226 STER CH 


Riboprobe, Packagene, Promega, TOPO |, GammaPrep, and © are all trademarks of Promega Biotec, Madison, Wi, 
U.S.A: RNasin is a trademark registered in the U.S. Patent and Trademark office by Promega Biotec, Madison, WI, U.S.A. 


- Circle No.04 on Reader Service Card. 


Promega B 
2800 S. Fish Hatc 
Madison, WI 53 
Toll Free 80C 


In Wisconsin 60% 
TWX 910 





Joje/elgelel- 
Gane Anahe S\ 


High fidelty, SP6-derlvec 
Tanscrption DAGU 


p Ur 


N ee : v 
ANQNYT / 


a. 2 
s1 Mea. SMA 





Versatility Defined 7 


The superior prepacked system for nucleic acid purification. 


The most versatile tool available for nucleic acid 
purification, NACS PREPAC streamlines a broad spectrum of 
routine clean-up and recovery procedures, including: 

e Plasmid purification and clone screening; 

e Removal of unincorporated nucleotides from labeling 
reactions; and 

e Recovery of nucleic acids from electrophoresis gels. 

NACS is BRL’s family of ion-exchange resins for 

use in virtually every nucleic acid application and with 
every chromatography technique. Filled with 
NACS-52, the convenient, efficient PREPAC is avail- 

| able in two forms: the Convertible, for use as a mini- 

‘column or pipette tip; and the Cartridge, for use with a 
| syringe. 

The Convertible is rapidly hydrated from either 
above or below the resin with a 1-ml Pipetman. Because 
NACS-52 is large and uniformly sized, gravity flow is 
sufficient for loading, washing and elution. 
However, a 1-ml Pipetman can be used to 
accelerate the flow, if desired. 

uy. This bottom portion, called the Cartridge, 
<> also is available separately. As with the Con- - 
vertible, the resin can be hydrated from either ` r 
— the bottom or the top of the Cartridge. 


RL | 





e Excellent Capacity and Recovery: A PREPAC contains 
enough resin to bind up to 40 micrograms of A. material, 
four times the capacity needed in most applications. More 
than 90% of the sample can be recovered by following the sim- 
ple BRL protocols. 

Detailed Applications Manual: A comprehensive, step- 
by-step applications manual is included with every PREPAC 
order. For any questions not answered in the manual, call 
BRL and ask for one of our purification specialists. 

The Versatile PREPAC. Only from the Definitive 
Source—BRL. 


TS 


Bethesda Laboratories, Inc. Bethesda Research Laboratories (UK) i» 
Gaithersburg, Maryland 20877 Cambridge, CB4 4BE United Kingdom 
Telex: 64210 BRL GARG UW Telex: 818710 BRLCAM G 

To Order: (800) 638-8992; (301) 840-8000 To Services: (0223) 315504 
Technical Services: (800) 638-4045 


Bethesda Research Laboratories GmbH 
6078 Neu Isenberg, West Germany 
Telex: 417699 BRLNI D 

To Order/Tech Services: 06102-3204 


Bethesda Research Laboratories SARL 
F-95220 Herblay, France 

Telex: 695729 FBIMAGRE 

To Order!Tech Services: (3) 978 8200 
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= Localization of transcripts from a potential new 
-homoeotic gene of Drosophila. The white dots show the 
positions of transcripts in a blastoderm embryo. See 
- page 428 and News and Views page 402. And see pages 
414 and 484 for more on Drosophila. 
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Call Biosearch. 


Our business is synthetic 
DNA and peptide chemistry. 
And we've automated these 
chemistries to supply you 
with high quality, custom 
oligonucleotides and peptides 
for prices that will fit your 
budget and need for fast 
delivery. 


Custom DNA—Choose 
from three new pricing op- 
tions to suit your budget and 
requirements for speedy 
delivery. For example, save 
up to 25% on our regular 
price if you sequence your 
custom nucleotide. And fast? 
Depending on the option 
you choose, 











we can deliver a custom 
product within ten days! 


Custom peptides—We 
guarantee confidentiality, se- 
quence integrity, on-time 
delivery, and high purity at 


ow to get custom DNA or 
peptides from a telephone—Fast! K 


very competitive prices. Each 
peptide is shipped with com- 
plete analytical data for prod- 
uct verification. Call us with 
the sequence you need and 
we'll furnish a quote the 
same day. 


Additional discounts are 
available for multiple orders. 
So ... to get the best custom 
DNA or peptides from a 
telephone, 
call Biosearch. Today! 


800-227-2624 


Inside California: 
(415) 459-3907 





2980 Kerner Boulevard 
San Rafael, California 94901 
Telex: 703077 BIOSEARCH 
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BIOSYSTEMS UPDATE 





A New Approach to Automated Peptide Synthesis 


Applied Biosystems is pleased to announce 
the first instrument designed for high effi- 
ciency peptide synthesis. The key to the high 
coupling yield of the Model 430A Peptide 
Synthesizer is an activation unit which 
converts the amino acid to a very efficient 
acylating species immediately prior to the 
coupling step. The defined protocol has 
been optimized for general peptide synthe- 
sis, but the fully programmable system 
allows straightforward adaptation to other 
chemistries. 


Cycle times with the general synthesis pro- 
tocol are approximately one hour. A single 
loading of protected amino acids, reagents, 


COUPLING YIELD (%) 


— = Oly ily 


®--Gly—Asn -—lIle - Tyr -—Asp -—lle -—Ala=—Ala< 


Amino acid incorporation during assembly of Acyl 
Carrier Protein residues 65-74. 






ANALYTICAL METHOD 
Quantitative Ninhydrin Monitoring’, 








and solvents will give up to 50 synthesis 
cycles. To insure high coupling yields, 
Applied Biosystems manufactures and 
supplies all synthesis reagents. 


The data below summarize the results of the 
synthesis of the decapeptide Acyl Carrier 
Protein (65-74). These results illustrate the 
combined capabilities of the novel auto- 
mated synthesis procedure and the high 
quality peptide synthesis reagents and loaded 
resins. 


The new Model 430A Peptide Synthesizer is 
being introduced in the U.S. at FASEB and 
in Europe at Analytica. For more informa- 
tion, circle No. 08 


The synthenis on 0.500 mmots 
Boc~Giy-OCH,-PAM renin yieided 427 mg 
of crude peptide (Theory = Stimg) 


Chromatography 
Vydac C,: A Butter: 0.1% HPO, HO 
B Guffer: 0.1% HPO, 60% CHCN 


(210 nm) 


GRADIENT 


ABSORBANCE 


TIME (min) 


HPLC chromatogram of crude, HF cleaved Acyl Car- 
rier Protein (65-74). 









STEP YIELD (%) 















Preview Quantitation by Solid Phase Sequencing of 
Protected, Resin Bound Peptide“. 


Amino Acid Analysis of HF Cleaved, Deprotected Peptide 














99.6| 99.5] 99.4! 99.1] 99.2! 99.2] 99.1] 98.9 
99.4] — | 99.3! 99.1| 99.2! — | 98.9| 98.7 


1.00 0.97 10.90 | 0.94 | 0.97 0.90] 0.96] 0.96 | 0.94 


Amino Acid Residue Gly~-Asn~—lle~—Tyr<—Asp~— lle «—Ala~<—Ala~-Gin<- Val 





RELATIVE AMINO ACID EQUIVALENTS 


Step yield quantitation and amino acid analysis results for Acyl Carrier Protein (65-74) chain assembly using Applied 
Biosystems’ general synthesis protocol. Only single couplings were used throughout the synthesis (except for Gin). 
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CD Bosystems 


APPLIED BIOSYSTEMS, INC., 850 Lincoln Centre Drive, Foster City, CA 94404 + (800) 874-9868 « In California (800) 831-3582 
IN EUROPE: APPLIED BIOSYSTEMS GMBH, Bergstrasse 104, D6102 Pfungstadt, West Germany + 06157-6036 





Nycodenz® 


The autoclavable, universal centrifugation medium 


A major advance in the field of 
centrifugation media 
e Non-ionic 


Non-toxic 

Low osmolality 
Low viscosity 
High solubility 


- suitable for separating all types of 
biological particles. 


NYCODENZ” Is available through Nyegaard & Co. A/S 


representatives in the following countries: 


Australia: 
Belgium: 
Denmark: 
Finiand: 
France: 


Holland: 


Hong Kong: 


iceland: 


italy: 


BDH Chemicals Australia Pty, Ltd. 
Melbourne, Telephone: (3) 859 1305 
Nyegaard s.a., n.v., Bruxelles 
Telephone: (2) 215 9200 

NycoMed Aps, Redovre 
Telephone: (1) 70 82 00 
Lakemedelsfabriken-Medica AB 
Helsingfors, Telephone: (0) 75 02 81 
Fiobio, Courbevoie 

Telephone: (1) 788 8476 
Pharmachemie B.V., Haarlem 
Telephone: (23) 31 92 09 

Science international Corporation 
Telephone: (5) 60285 

G. Olafsson h.f., Reykjavik 
Telephone: (1) 84166 

immuno S.p.A., Pisa 

Telephone: (50) 50 20 01 


Ter n 
Sotonic, sterile solution as 


~ 


= —, s 


isotonic sterile solution 
(d = 1.15 g/ml) 


Specially designed for the 
isolation of subcellular 
organelles, cells, viruses, 
bacteria and other osmoti- 
cally sensitive particies. 





Japan: Daiichi Pure Chemicals Co. Ltd., 
Tokyo 
Telephone: (3) 272 0671 

Norway: Nyegaard & Co. A/S, Oslo 
Telephone: (02) 64 40 00 

Singapore: Equimed Pte. Ltd. 
Telephone: (27) 32215/6/7 

Spain: Hucoa-Eriéss, Madrid 
Telephone: (1) 215 6941 

Sweden: Nyegaard & Co. AB, Stockholm 


Telephone: (8) 67 90 50 

United Kingdom: Nyegaard (U.K.) Ltd., Birmingham 
Telephone: (21) 742 8806 

USA og Canada: Accurate Chemical & Scientific 
Corporation, Westbury, New York 
Telephone: (516) 433 4900 

West Germany, Dr. Molter GmbH, 

Austria & Heidelberg 

Switzerland Telephone: (62) 23 41 31 

Other Countries: Please contact the manufacturer, 





“any Diagnostica 






Analytical grade powder 


For the isolation of nucleo- 
proteins, nucleic acids, poly- 
saccharides and proteins. 


144.82 


Nyegaard & Co. AS 
Diagnostics Division 


Postbox 4220 Torshov, Oslo 4, Norway. 
Phone (47 2) 644000 
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“So what makes it better than mine?” 


, Well Ive stopped collecting fractions. 
ame [justcollect peaks’ 


“Yes, it’s the only peak-sensing HPLC collector that does” 
“So?” 

“So for preparative HPLC it’s perfect. It’s got a built-in slope 

detector that can tell the difference between peaks and non peaks’? 

“How about unresolved peaks?” 

“Them too, and it automatically compensates for drifting baselines, 

peak asymmetry and band broadening” 

“Yeah, but will it really work with fast eluting peaks?” 

“Listen, this fraction collector’s so intelligent, it'll collect anything you want, 
any time, any place. So however sharp the peak is you'll always get it 

— right in the tube. And it’s got over 300 tubes to collect in” 
“OK, but will it work with my system?” 

“a oe “Of course it will—and you'll be able to 
program it with your own HPLC 
controller.” 

“Well, what’s it called?” 
“SuperRac’” 

“And who makes it?” 

“LKB” 

“LKB? I think I'll give them a call” 













reennnnged 


ae 








i ee : tec ore 
i at work in laboratories 
throughout the world _ 
thananyother. > 
E EE 


A e LKB fraction ci 


LKB 


BROMMA 


Head office: LKB-Produkter AB, Box 305, S-161 26 Bromma, Sweden. Tel. 08-98 00 40, telex 10492 
Main US sales office: LKB Instruments, Inc. 9319 Gaither Road, Gaithersburg, Maryland 20877. Tel. 301-963-3200, telex 909870 (dom.), 64634 (intern.) 
K sales office: LKB Instruments Ltd., 232 Addington Road, S. Croydon, Surrey CR2 8YD, England. Tel. 01-657 8822, telex 264414 
Other sales offices in: Antwerp, Athens (for Middle East), Bangkok, Copenhagen, Lucerne, Madras, Moscow, Munich, Paris, Rome, Turku, Vienna, Zoetermeer 
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oncor introduces 








Hybridization probes 


and antibodies 


qualified for a 
oncogene 
research 





Hybridization Probe DNAs 


Highly purified, sequence-specific DNA fragments, 
for use in nick translation reactions and 


for the detection of oncogenic sequences by nucleic 


Oncor 





H Probe 


Pab/- 7° 
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acid hybridization. 
Pabi-1™ 0.5yg/Spul* + controls each $125.00 
3+ 99.00 
Pmos-1™ O.5y¢/5ul + controls each $125.00 
3+ 99.00 
Pmyb:1™ O.5pg/5 + controls each $125.00 
3+ 99.00 
Pmyec:1'™ O.54¢/Sal + controls each $125.00 
3+ 99.00 
‘Pras: 1™ O.5pg/5) + controls each $125.00 
3+ 99.00 
Pras-2™ 0.5pg/5¢] + controls each $125.00 
3+ 99.00 


*Suificient product provided to perform 5-10 Southern blots. 





Antibodies 


“. Well-characterized, extensively tested antibodies 





N 






Sè 

R j linked assays. 
ABmyc: 1'™ 
ABras-:1™ — 
ABsre:1'™ 
ABrcr-r: 1'™ 


` for the detection of oncogene protein products and 
related antigens, such as the epidermal growth 
factor receptor. Designed for use in immuno- 
‘fluorescence, immunoprecipitation, and enzyme 


Recons. Vol. 0.5 ml** each $125.00 
3+ 99.00 
Recons. Vol. 0.5 ml each $125.00 
3+ 99.00 
Recons. Vol. 0.25 ml** each $125.00 
3+ 99.00 
Recons. Vol. 0.5 ml each $125.00 
3+ 99.00 


**Sufficient product provided to perform 50 RIP~PAGE assays. 





To receive complete product details and the premier issue of 
ONCOS— including your FREE “Gel Scale"’—fill out the reader service 


card or call or write ONCOR, INC. 





oncor 





oncor, inc. * P.O. Box 870 Ħ Gaithersburg, MD 20877 * 301/963-3500 
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TWO NEW reliable, up-to-date 
and complete biotechnology 






Detailed information 


on every aspect of 
biotechnology worldwide 


aD 
An indispensable guide 
to: * Products, services and 
research * Companies * 


Government and inter- 
national agencies * Infor- 
mation sources 


THE INTERNATIONAL - 


BIOTECHNOLOGY 
DIRECTORY 198 — 
è is thoroughly international 
e features a unique BUYER'S 
GUIDE tw products, re- 
search and services 


Information 
Sources in 
Biotechnology 


* covers both old and new 
technologies 

* covers technical and com- 
mercial literature 

* covers difficult and hard 
to trace sources 

* includes over 20 at-a- 
glance evaluation tables 

* provides an Index of 
publishers and thew ad- 
dresses 

Dr. Crafts-Lighty, Head of 
Information and Library 
Services at Celtech Limited, 
systematically and critically 
reviews all the important 
information sources: 

è books ® conferences ® trade 
periodicals ® research period- 
icals ® computer databases 
è patent ® market surveys 
e directories ® organisations 
è secondary sources 


e covers both the old and new 
biotechnologies 

The Directory tells you: 
* Who your competition 1s, 
and what they are doing. 

* Who are potential cus- 
tomers and suppliers. 

* Where to buy equipment, 
chemicals and services. 

# Where culture collections 
are located and what cultures 
they hold. 

* Who imports/exports bio- 
technology products in over 
20 countries. 

* Which government de- 
partments are associated 
with biotechnology. 

All compiled by the eminent 
biotechnologist Dr. Jim 
Coombs and now available to 
you on FREE AP- 
PROVAL. 

Macmullan Hardcover 400pp 
November 1983 


ISBN 0 333 35140 1 
£50,00/ A$100.00 





£40.00/$80.00 


You can take these new 
books for 30 days examin- 
ation without commitment, 
If you are not completely 
satisfied, just return the 
book(s) in good condition 
within 30 days and we will 
cancel your invoice. 





m 


Globe Book Services Limited 
Brune Road, Houndmills 
Basingstoke, Hants AG21 2X5 Engiand 
Tainphone Basingstoke (0286) 28222 
A DIVISION OF MACMILLAN 
PUBLISHERS LTD 


The Nature Press 
15 E 26 Street, New York. N.Y. 10010. 





Telephone. 212-532-4811 : 
~~ = = = — — =- — 


EREE APPROVAL ORDER FORM 


| To: lan Jacobs, Globe 
I Services Ltd., FREEPOST, 
| Brunel Road, Houndmills, 


Book 


The Nature Press, 
15 E 26 Street, New York, 
N.Y. 10010. Credit card 


I 

| 

, Basingstoke, callers call toll-free - 

Hants RG21 2BR, England. 800-221-2123 (or in 

| New York: 212-532-4811) | 

| Piease send me on 30 days FREE APPROVAL___ | 

| copies of The International Biotechnology Directory 1984at | 

£50.00/$ 100.00 each, and/or___ copies of Information ' 

i Sources in Biotechnology at £40.00/$80.00 each. ' 
if iam not entirely satisfied. | may return any book in good 

condition within 30 days and you will cancel my invoice. l 

| Postage and Packing I 

| UK subscribers £2.00 (Overseas £3.00) US Subscribers | 

| $1.50 | 

| Tick preferred method of payment | 

Bill me. | need send no money now | 

| enclose cheque for £/$ 








Charge my credit card on publication £/$ 




















| 

| 

| - visa ` Access/Mastercharge — Am. Express Dine! 
| Í 
i Card No > ii _ Expiry Date | 
| Signature 02 A 6 Au F — 
' (Orders cannot be accepted without a signature) i 
i Name__ —— oe a | 

(PLEASE PRINT) 

| Address. —— u j =": I 
| | 
i oT TK a. a | 
i Postcode/Zip Code ż ' 
' Books will be delivered to you on publication. N3 
Dew Subscribers POST TODAY — NO STAMP NEEDED Ai 








FASTER THAN ALL 
THE REST. 


















lgGsorbis the IgG adsorbing agent it serves a variety of applications, in 

that won’t keep you waiting. It re- some Cases replacing charcoal, 

moves antibody and antibody- double antibody, and other cum- 

complexed antigen from solution bersome methods of separation. 

in a mere 15 minutes! Plus, it’s available in botn liquid 
Highly specific for binding the FC and dry form. 

portion of IgG antibodies, IgGsorb Try IgGsorb yourself and see 






is a lyophilized preparation of €^. A> how fast it really is. Because two 
Protein A fixed to the cell walls of \. . » hour waits you really don’t need! 


inactivated Staphylococcus aureus. ‘\ 
IgGsorb has more than speed too. tof TOLL-FREE 1-800-343-2170 









It has long storage life. Its 
homogeneity can be assured. And H THE ENZYME CENTER, INC. 
“The Enzyme Center, Inc., 1984 36 Franklin Street. Malden MA 02148 





eee ee (617) 322-4885 
. Pe HO tái . 


“PROTEIN 
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BY A\C\H\E YM offers to all biochemists, 
biologists, immunologists, . . . 


Custom Syntheses of Biologically Active Peptides 
serving as @ Vaccines or 
@ Inhibitors 


BACHEM has the comprehensive know-how, necessary for the custom syntheses of rare and difficult 
peptides not listed in the catalogs of your biochemical suppliers. Therefore, don’t hesitate to contact 
us. You will immediately get our price and delivery date. Moreover, BACHEM’s new catalog S7 with 
a plurality of news has been completed. Please ask for your free copy. On your special request you 
will additionally receive BACHEM’s latest information sheet BA 039/1 s 
(Chemically defined antiviral vaccines». 
Lately, BACHEM synthesizes most of the custom synthesis peptides 
on the new semi-automated low-priced LABORTEC Peptide Synthe- 
sizer SP 640. Afterwards, whenever possible, the final purification 
occurs on a LABORTEC Craig CCD apparatus, e.g. with a phase 
volume of 10 ml and 200 stages. Please ask for more information 
_4 on both instruments from LABORTEC, a division of BACHEM AG 

. (Switzerland). 


BACHEM Feinchemikalien AG Labortec AG 








s 
Das 






































Hauptstrasse 144 Hauptstrasse 144 

CH-4416 Bubendorf/Switzerland CH-4416 Bubendorf/Switzerland 
Phone: 061/95 2333 Phone: 061/95 23 33 

Telex: 966081 Telex: 966 081 
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QUICK WHOLE BLOOD KIT 
SPECIFIC/T&B CELLS 





This new kit from Coulter offers you you need for 25 tests, including control). 
high specificity—it is the only kit with It has built-in Q.C....identifiable 
both T & B specific monoclonal anti- morphology that correlates with the J 
bodies. It is fast (ready to read in 25-30 standard differential. It has quality | 
minutes), flexible (suitable for use with a reagents; modern processing techniques, 
fluorescent microscope or EPICS® or with guaranteed high brightness, 
other flow cytometers) and complete (it’s specificity, purity, and lot-to-lot 
the only kit with everything uniformity. 


See us at Booths D21 thru 29 and E20 thru 28 at FASEB. 


ai at xt +t 





MORE GOOD THINGS 


(FROM COULTER ONLY) 


aA The only specific B Cell Markers, B1 
and B2. 


_ @ The only specific Monocyte/Macrophage 


Marker, MO2. 
€ The original specific J5 (CALLA) Marker. 


= Unique Activation Markers such as 
(la like) 12 and ILR2. 


® High Titer MCA to Human 
immunoglobulins including IgG, IgD, 
IgM, IgE. 

= A World Class Reference Developing 
Reagent, GAM-FITC. 


Also of interest are monoclonal antibodies 
both unconjugated and conjugated with fluores- 
cein and biotin labeling with the highest affinity, 
labeling density and specificity, They are pack- 
aged for your needs in 25, 50, 100 test sizes. 
unts available on multiple 100 test sizes. 
oulter also offers a comprehensive line of 
T Cell Markers, including T1, T3, T4, T6, T8, T11 
and TQ1. And also mouse IgG and IgM controls 
specially-formulated for background deter- 
minations in MCA reagent applications. 


COMING FROM COULTER 


= A Myeloid Series m T Cell—Lytic Series 


= T Cell Markers—for special applications 
= More B Cells m Highly-specific Natural 
Killer Cell markers = Plasma Cell markers 


m More activation markers = More CALLA 
markers m Whole Blood Kit—T4/T8 


E Blotin-Avidin Peroxidase Kit—T11/B1. 


al lasses of Human 
amma immunoglobulins 


= AIDS Typing Kit 
= Acute Leukemia 
Typing Kit. 
" All purpose 
Calibrator— 
icroscope, 
PICS, etc. 


For research use only: not for diagnostic or therapeutic use. 








EPICS and COULTER CLONE are registered trademarks of Coulter Corporation. 
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To order a Whole Blood T & B kit or for informa- 
tion on our other Monoclonal Antibodies and 
Reagents, please call: 

(800) 327-3778 (outside Florida) 

(800) 432-6518 (inside Florida—eExt. 289) 


or write to: 
COULTER IMMUNOLOGY 
A Division of Coulter Corporation 
440 West 20th Street 
Hialeah, Florida 33010 


COULTER 
CLONE‘ 


reagents... 


Bringing Significant 
Developments to the Surface. 





COULTER IMMUNOLOGY 

A Division of Coulter Corp. 
440 West 20th Street 
Hialeah, Florida 33010 





send more information on the COULTER CLONES® m 
I've circled. " 


Th, > Se ae ae a zà 
AE Be. I2,  ILR2, Mo, A 
Mo2, MY4, MY7, MY8, MY9, J5, í 
J413, TQ1, IgD, IgG, IgM, GAM-FITC, 


GAM-BIOTIN, Kappa, Lambda, Typing Kits 
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If you hate waiting 
you'll love ENLIGHTNING 


The new one-step 
fluorography enhancer 
that’s ten times faster 
than PPO-DMSO. 
ENLIGHTNING™ Rapid 
Autoradiography Enhancer 
takes only 15 to 30 minutes 
to process your gels, 
compared to five hours 

for PPO-DMSO. 


And in only one step: 
simply soak the gels in 
ENLIGHTNING™. No multi- 
step procedure. Quick 
processing minimizes 
diffusion artifacts and loss 
of smaller molecular weight 
components, too. 


The resulting fluorograms 
are fully comparable to 
those obtained using other 
fluorographic techniques, 
with either polyacrylamide 
or 2% agarose gels (3mm 
min. thickness). 


Not for use in humans or clinical diagnosis 





New England Nuclear 

549 Albany Street, Boston, MA 02118 
Call toll free: 800-225-1572, Telex: 94-0996 
Mass. and Internat’l: 617-482-9595 
Europe: NEN Chemicals GmbH D-6072, 
Dreieich, W. Germany, Postfach 401240, 
Tel. (06103) 803-0, Telex 4-17993 NEN D 
NEN Canada: 2453 46th Avenue, 
Lachine, Que H8T 3C9 

Tel. 514-636-4971, Telex 05-821808 

© 1983 NEN 
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24-hr. visualization 


with with 
ENLIGHTNING PPO-DMSO unenhanced 


o— »D 


15 min. 5 hours 
Processing Time 





KEY New England Nuclear 


And easier to live with 
in the lab. 

ENLIGHTNING™ is odorless 
and safer to work with than 
enhancers containing DMSO. 
It requires nothing more 
than standard laboratory 
gloves. What’s more, 
refrigeration is unnecessary; 
ENLIGHTNING™ has a long 


shelf life at room temperature. 


Free 16-page Guide 


Ask us to send you our 
Guide to Autoradiography 
Enhancement, with its 
helpful tips on the 
enhancement, exposure, 
and development of 
film—complete with a 
trouble shooting checklist. 
Free for the asking. 


Another 
original product from Hana Cell Biology Research 


A SerXtend 


A COMBINATION OF GROWTH FACTORS 
THAT CAN REDUCE SERUM REQUIREMENTS BY 50% OR MORE. 





Now, use the latest technological development plus save money 
and storage space too. 


For more information or to order, use our toll-free number: 
800-772-4262 


shg 
ake -y 
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Hana Media, Inc. 
A subsidiary of Hana Biologics, Inc. 
626 Bancroft 
Berkeley, California 94710 415-549-0874 
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NEW PEPTIDES 
FROM BACHEM 


Alpha hANP 


Kangawa K and Matsuo H. Biochem. Biophys. Res. Comms LIB No 1, p131-139 (1984) 


Atriopeptin I 


Currie M. G. et al. Science 223 p67-69 (1984) 


Atriopeptin II 


Currie M. G. et al. Science 223 p67-69 (1984) 


These are the so called 
‘Natriuretic Peptides’ 
which have recently been 
described as playing 

a major role in 
controlling sodium excretion. 


Also: 


Galanin 


Tatemoto K. et al. FEBS letters 164 p124-128 (1983) 
Calcitonin 


Gene Related Peptide 
(Human) 


Etienne T et al. J. Physiol. in Press (1984) 


CUSTOM SYNTHESIS 
IS OUR SPECIALITY 


For full details 
please contact us directly. 


BACHEM UK 


BRANCH OF BACHEM INC. CALIFORNIA 


69 HIGH STREET 
SAFFRON WALDEN 


ESSEX CB10 1AA 
TELEPHONE [0799] 26465 
TELEX 817205 BACHEMG 





BRANCH OF 





BACHEM... 


FINE CHEMICALS 
PO Box 3426 


Torrance 
CA 90510 
USA 
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Rapid Chemical 
Kinetics 


Stopped-Flow 








The Hi-Tech SF-4 Stopped-flow Spectrophotometer System ts the most advanced and 
versatile instrument of its kind available in the world today. Essential but unique features 
include close temperature control ‘free from thermal artefacts’’ over a wide range (-100 to 
+ 100°C), 3-port valves guaranteed not to leak or fail and a readily adapted but virtually 
indestructible chemically inert flow circuit. Other features include dead times as short asa 
millisecond, readily selected 2 or 10mm pathlengths, various detection modes, very small 
filling volumes and only SOd of each reactant is required per shot, 

Other capabilities include cryobiochemical, conductivity, dual detection and liquid gas 
stopped-flow. 


Multi-Mixing 


This very popular module can be used in two modes for the study of reaction intermediates or 
just simply for high performance stopped-flow work. 

SEQUENTIAL MIXING: Two stable reactants are mixed to form a short-lived intermediate 
which in turn is mixed with a third reagent after a pre-set delay as short as Sms. The second 
reaction is studied by stopped-flow spectrophotometry. 

PREPARATIVE QUENCH FLOW: Enables a fast chemical reaction, that lacks a suitable 
chromophore, to be analysed by an intrinsically slow technique such as NMR spectroscopy. 
Initiated by mixing, the reaction is stopped after a pre-set delay by mixing with a quench 
solution and the product is then collected for analysis. By varying the delay a series of values 
may be plotted to determine the reaction rate. The flow circuit is automatically purged by 
solvent before the run, this eliminating cross-contamination, A solid state micro-processor 
unit is used for sequence control which in addition displays the exact times of operation of the 
driving syringes. Using simple formulae these times displayed enable precise ageing times to 
be evaluated. 


High Pressure 
Stopped-Flow/Conductivity 


Using an entirety submerged stopped-flow apparatus, it is now possible to study rapid kinetic 
reactions at pressures up to one kilobar or more. The full range of equipment includes the use 
of either spectrophotometers in the visible or U/V light range, or a conductance cell to follow 
the change in resistance. The maximum surrounding pressure is governed solely by the vessel 
containing the syringe drive mechanism; hence it can be tailored to the needs of the customer. 
A stepper drive pushes the syringes containing the reactants fast enough to reduce the dead 
time to around 1-2ms. Light transmission pathlengths of 10 or 2mm are available. The 
possibility also exists of immersing the pressure vessel in a thermostatted bath in order to 
study the combined effect of pressure and temperature on kinetic reactions. 


Teaching Series 


Known worldwide for the best in fast reaction kinetics research instrumentation, HI-TECH 
also offer a unique series of teaching instruments at sensible prices. These stopped-flow, 
temperature -jump and flash photolysis spectrometers incorporate the latest in fast reaction 
technology yet the techniges are clearly and safely demonstrated. Comprehensive instruction 
manuals and four model experiments are supplied with each item. 

Rapid Kinetics Accessory For UV/VIS Spectrophotometers And Spectrofluorimeters. 


Rapid Kinetics Accessory 

For UC/VIS Spectrophotometers And 
Spectro 
fluorimeters 


This new accessory utilizes the 
proven stopped-flow technique to 
reduce the fastest reaction half-life 
measurable with a modern 
UV/visible spectrophotometer 
from several minutes to well under a 
second. Two precisely 


— om et —— SE 
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thermostatted (5-80°C) shots 
of regents can be mixed and the observation cell filled in less than 2ms. The observation cell 
has both 2and 10mm optical pathlengths and the complete accessory can be fitted or removed 
in seconds. 


World Sales Office 
Hi-Tech Scientific Limited 


Brunel Rd, Salisbury, SP2 7PU, England 
Telephone: Salisbury (0722) 20322 or 23643 
Telex: 477877 HITECH G. 





HI-TECH 
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Measuring 


HETE’s? 





Check with the 
#1 Company in 


Prostaglandin 


Measurement— 


Seragen 


Seragen Offers: 
°H-RIA Kits for— 


= 5-HETE 
u 12-HETE 
e 15-HETE 





These kits are complete, 
y highly specific and easy 


to use with low Leuko- 
triene cross reactivity. 
They offer simple ex- 


traction, sensitivity, and 


yield complete and ac- 

curate results in five 

hours or less with fewer 

repeats and chances for 
) error. 


Seragen is the world leader in 
measuring prostaglandins with 
the widest range of 3H-RIA 
kits, antisera and prostaglan- 
din standards. 


For complete technical infor- 
mation or service call toll free 
1-800-341-1346. In Mass. 
call (617) 265-6004. 


Full color wall chart of Prosta- 
glandin Biosynthetic Path- 
ways available free upon 
request. 


P aa in, ae 
(SERAGEN) 
N 


Seragen, Inc. 
54 Clayton Street 


Boston, MA 02122 
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Problems with 
Prostaglandin 
Measurement? 


Worldwide 
Distributors 


Australia 
Flow Laboratories, 140 Wicks Road, North 
on N.S.W., 2113 Australia, Tel: (02) 887 






The World 
Leader in PG 
Measurement 

can help! 


The most complete line of kits, 
antisera and standards for 
prostaglandin measurement. 


Our Technical Service Staff is 
as near as your telephone 
1-800-343-1346. Our 
worldwide distributors are in 
every major country. 


Prostaglandins 
Prostaglandin, 3H-RIA CAA 







Belgium , 
Biolab, Rue de la Station 19, 1350 Limal, 
Canada i 
Mandel Scientific Co., Ltd., 143 Dennis 
Street, Rockwood, Ontario NOB 2KO, Tel: 
(519) 856-9566 

France 

Flobio, 15, Rue Armand-Silvestre, 92400 
Courbevoie, Tel: 788.84.76 

Holland (The Netherlands) 

Amstelstad, b.v., Dennenlaan 34, Zwan- 
nenburg, Tel: 02907-3451 

Israel 

Zotal, Ltd., Div. of M. Zohar & Co., PO. 
es 21042, Tel-Aviv, Tel: (03) 797760 


ly 
Medical Systems SPA, Via Lagusten 
166/2, 16131 Genova, Tel: 010/394722, 
















































Prostaglandin F» 3H-RIA SG 6002 100 tubes Japan 
Dromborae 6 6003 100 tubes Wako Pure Chemical Industries, Ltd., 10 
3H-RIA "$6 6004 100 tubes Doshomachi 3 Chome, ore Os- 
Prostaglandin D, %H-RIA SG 6005 100 tubes aka, 541, Tel: (06) 203-3741 
osgan ka A soome uo ues | f Malavi a Sinapo o 
GIN Faa eneral Scientific Co. Sdn. Bhd., 7, Jalan 
SHETE ARIA SG 6010 100 tubes 222, Section 20A, Petaling Jaya, Selangor, 









Tel: 775433 












15-HETE 3H-RIA 6012 100 tubes 

Prostaglandin E, 3H-RIA SG 6013 100 tubes New Zealand 

Prostaglandin McGraw Ethicals Ltd., 11 Donnor Place, 
Endoperoxidase !251-IRMA SG 6206 100 tubes Mount Wallington, P.0. Box 18-069, Glenn 

Thromboxane B, '|-RIA SG6221 100 tubes Innes, Auckland 6, Tel: 64-9-579.049 










A. Johnson & Co. A/S., Mustads Vei 1: 

Oslo 2, Tel: (02) 55 32 94 

Scandanavia 

ee & Finland but not Sweden), 
candanavian Medical Services APS, Box 
115, 2970 Hoersholm, Denmark 

South Africa 




















Prostaglandin Fz, 1 Benmore Hospital Supplies, 5 Kramer 
Neate j = Road, Kramerville Sandton P.O. Box 659 
ae oe Bergvlei, 2012, Republic of South Africa 
15-HETE SG 1012 10 mi Spain 









Atom, S.A., Paseo del Monte, 18, Bar- 


Call to inquire about the availability of immuno- 
celona 24 


histochemical grade antisera: inside Mass. 
-265-6004, 













































617 outside Mass. 1-800-343-1346. Sweden 
Axel Johnson Instrument AB, PO. Box 
e. ey 1365, S-17126 Solna, Tel: 46 8 734 05 40 
prostaglandin A SG 2204 | ma Switzerland 
Prostaslandin 8° SG 2206 1 a Buhlmann Laboratories, Ltd., Hohe 
Prostaglandin B, SG 2208 1 mg Winde-Str. 38-4024, Basel, Tel: 061-35 24 
Prostaglandin D, SG 2224 1mg 24 
Prostaglandin E, SG 2210 1 mg Taiwan 
Nes Ez oe = Sagacious Trading Co., Ltd., 1F Lane 22, 
Prostaglandin Fx. SG 2216 1 mg Chilin Road, Taipei, Taiwan, Republic of 
6-Keto Prostaglandin F,, SG2218 1 mg China, Tel: (02) 5364362 
Prostaglandin |, (Na salt) SG 2220 1 mg United Kingdom of Great Britain and 
(Prostacyclin) Northern Ireland, 
Na yea , SAR SG 2222 1 mg Metachem Diagnostics Ltd., 29 Forest 
brostentandin F SG 2226 1mg Road, Piddington Northampton NN72DA, 
13,1 oie 15 Ke Tel: (0604) 870370 
Prostaglandin E, SG 2228 =1mg 
5-HETE 2230 










Seragen, Inc. 
54 Clayton Street 
Boston, MA 02122 






Boston, MA 02122 
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Fraction Collector 


Packs 174 Tubes 
Into A Square Foot. 


Here’s a fraction collector that combines 
small size with the capacity, versatility, and 
reliability you need for virtually any LC or HPLC 
job. It’s ISCO’s new Retriever II. 


It’s versatile. Retriever || can handle up to 
four columns at once and collect by time, drops, 
pulses from a pump, or discharges from a 
volumeter. You can even set volume directly in 
0.1 or 1 ml increments, if you’re using it with an 
ISCO WIZ pump. Fast movement means 
Retriever I! is as useful for HPLC as it is for low 
pressure prep work. Lift-out racks hold 10 to 
18mm tubes or 28mm scintillation vials. 


It's reliable. Retriever |i uses the same 
patented, coldroom-proof mechanism that ISCO 
has perfected over many years in 20,000 similar 
fraction collectors and autosamplers. Many are 
still going after 15 years! 

Retriever || is the best value in mid-sized 
fraction collectors. For more information, write: 
ISCO, P.O. Box 5347, Lincoln, NE 68505, 
U.S.A. 


See us in Booths C31-35 at FASEB 
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Experimental 
Biology 


Continuation of Revue canadienne de biologie expérimentale 





Environmental 
and Sensory Aspects 





Managing Editor: 
M.A. Ali, Department of Biology, University of 
Montreal 


Now appearing entirely in English, Experimental 
Biology keeps researchers abreast of new develop- 
ments in the fields of experimental biology and 
medicine. Excluding papers of a clinical nature, 

the journal emphasizes environmental and PA 
sensory aspects. Regular features include original 
research and survey articles, short communica- 
tions, book reviews, and a listing of books 

received. 


Abstracted in Current Contents, Biological 
Abstracts, and Index MEDICUS 


Subscription Information: 

Title No. 368 

1984, Vol. 43 (4 issues): DM 116,-, plus carriage 
charges. 


To order, or request a free sample copy, please 
write to: y 
Springer-Verlag, Journal Promotion Department, 
P.O. Box 105280, D-6900 Heidelberg 1, FRG 


Inquiries from North America should be 
addressed to: 

Springer-Verlag New York Inc., Journal 
Promotion Dept., 175 Fifth Avenue, New York, 
NY 10010, USA 


y 





Springer International 
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currently supplying synthetic oligonucleotides to 
molecular biologists who are using them as a 
routine research tool in such applications as: 


~ And of course, new applica- 
tions are appearing every 
day. 


And Biosearch will supply it. 
Biosearch is a leader in DNA synthesis, 


¢ whole gene synthesis 
e hybridization probes 
* selective mutagenesis 
e linkers and adapters 
è primers. 













From Our Shelf... or Yours! 
The question is, will you know where to 
turn when you need DNA? 
‘To meet our own demand for synthetic 
DNA, Biosearch more than a year ago invented 
the fully-automatic, chemically-programmable 
SAM ONE DNA Synthesizer. 
Today, leading laboratories 
worldwide are using the SAM... 
ONE to make DNA. f 
So when the time comes oo o 
your choice will be easy: you can — 
order your custom DNA from 
us... or you can make it 
yourself—automatically. 
We'll be ready when you are. 


Synthetic chemicals 
for tomorrow ... today! 



















2980 Kerner Boulevard —— 4e 
San Rafael, California 94901 = 
(415) 459-3907 ae 
Outside California: 800-227-2624 _ 
Telex: 703077 BIOSEARCH 
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O; consumption ALSO FULL LINE OF: 


Primary l / : ve | . 3 ee 
bled ae roduction | * Animal Activity Meters for 
ie , a Absorber on P ti Rat Rodents, Fish and Insects 

| espira ION NATE | , “Rota-Rod” System with 


in tC a measurement of Ce ch Electric Shock Enticement 
ml oueteT and respiration rate over a your A 
Printer o ooa -o period in ml/kg of body weight/hour in for Testing Endurance and 
\. _temperature Probe STP units for 1 fo 8 animals. : : 
oa n * Prints results every four {4) minutes. Coordination 
x System adaptable to small or large * TV Camera Video Digitizer 
animals. 
* Continuous airflow through systern. and Apple-li Computer for 
* High accuracy, 98% of full measuring Animal Activity and Social 
range eg, typical error +30 mi ; 
awe k ‘ate oxygen/ka/hour in 3000 mi oxygen/ Contact Measurements 
j hee. ae kehour range. * 
Computer Controller 7 Animal Cage IPB ? i (Automatic!) 


tor io 8 cages 


* Animal Tremor Monitor 

* Anxio-Meter for Testing 
Anxiety (according to 
Vogel principle). : 

* Shuttle Boxes!!! Comput 
erized Reflex Conditioners | 
for Testing Memory and 
Learning. 



































RATS !! 
CARDIAC OUTPUT BY 
THERMODILUTION 


Cardiac Output 
Computer utilizes 
1/73 and 1⁄2 mm 
microprobes ta 
measure cardiac 
output in rats. The 
same instrument 
works with a variety 
of other catheters 
when measuring 
cardiac outpul on 
dogs, horses or 
humans. Dye dilu- 
tion densitometer 
available as an 
option, 


APPLE-II INTERFACE FOR EIGHT (8) 
ANIMAL ACTIVITY MONITORS 


Multiple infrared beams monitor animal activity in 
the cage. Different animal cage sizes are available 
e.g. 15” x 15° or im x tm. Apple-i computer 
computes in periodic intervals the following 
information: total distance traveled, number of 
rearings, patterns of movements, separate number 
of stereotypic and ambulatory movements, time 
spent ineach of 16 squares of “Open Field,” number 
of entries into each square, left, right and partial 
rotations and histograms for each of the above for 
each animal. 


| STARTLE RESPONSE 
MONITOR TESTS 
FOUR (4) ANIMALS 





FEEDING & DRINKING 
MONITOR 













Sysiem produces surprise simul according io A presel 

progam., and measures and records the force of the 
response and the response time. Tested ard recorded by 
ihe system are the force of the startle reflex, the reaction 
time, and habitation characteristics. The system is aise 
equipped with a stimulus programmer for fully automatic 
operation, The system also includes an automatic printer 
with iis awn bmer 


Eight electronic precision scales 
interfaced to Apple-ill computer 
serve as solid or fiquid food 
consumption sensors. Output from 
the scales is periodically scanned 
by the computer which determines. 
the actual decrease of the load of 
the scale corresponding to food 
consumption of animal. Printer 
prints consumption in grams 
together with time information. 
Wasted food can be measured by 
the second senor positioned 
underneath the feeder or even 
under the perforated cage floor for 
measurement of food which was 
removed from the food dispenser 
but not actually consumed by the 
animal, 
































N COLUMBUS INSTRUMENTS INTERNATIONAL CORPORATION 


Suppher of indiidual imstruments and total measuring systems 


950 N. HAGUE AVE., COLUMBUS, OHIO 43204 U.S.A. 
ie tant PHONE: (614) 488-6176 TELEX: 246514 
Gircle No.01 on Reader Service Card. — | See us at FASEB Booth -57 











ew photomicroscra 





‘Time and money are the most 
important things for the head of 
our laboratory. It was therefore 
obvious that sooner or later he 
would want to make photomicro- 
graphy more efficient, too. He 
was right in not wanting to let 
photomicrography continue to 
be a matter of chance. He decid- 
ed to buy a Photoautomat, the 
Wild MPS55, and that was a 
good thing. It was a good thing 
for me, too. Because, now, the 





“Satie 


ARs maaan snags 








Water Penny Beetle Larvum. 

Photographed with Stereomicroscope WILD 
M5 APO and photoautomat WILD MPS 55/51, 
Transmitted light, bright field. 


head of our laboratory is pleased 
not only with the small amount 
of film we use and the speed with 
which the photographs are pro- 
duced. He also spends more time 
looking at the pictures. The cla- 
rity and color fidelity of the new 
photographs impress him. And | 
can concentrate fully on the best 
excerpt to photograph and on 
moving the finest detail into the 
best possible light. The auto- 
matic system does the rest when 
| press the button. And that 
pleases me, too!’ 








PS: All Wild camera systems are suitable for ail 
Wild stereomicroscopes and Leitz microscopes. 
They can also be used with other makes of 
instruments, Ask for your documentation. 





HEERBRUGG 


Yes, | am interested in this 
| WILD MPS 55/51, 
‘Send your documentation to 


photoautomat 





A ara narar tree a sy 











“Menem enina panaan ey, inapata: Irrmemhamaranansa sihn bins 








Send to: Wild Heerbrugg Ltd 
CH-9435 Heerbrugg, Switzerland 
orto your Wild representative. 


lot aes 
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_ which have been described 
-by their authors in Nature, 
are helping to clarify the 
causes of cancer. With each 
passing week, more and 
more people consider that a 
full understanding of cancer 
cannot be long delayed. 
But the implications for 
physicians and their patients 
are still entirely unclear. 


This is why NATURE has 
chosen to devote its third 
international conference to 
an occasion when 


researchers in the life 
sciences and clinicians can 


assess the importance of 
recent developments in 
molecular biology for the 


understanding and, 
a utimately, for the treatment 


 ofcancer, 





- Recent developmentsin oo o 
' deade biology, many of | 






= NATURE, the , International 


journal of science | 


Perhaps the most important iitemational 





conference you could attend in 1984. De- 
voted to the recent contributions of molecular 
biology to the understanding of malignant 


disease. 


For Research Scientists 
and Clinicians 
IN SEARCH OF UNDERSTANDING. ia 





SEPTEMBER 10, 11, 12, 1984 
BOSTON PARK PLAZA HOTEL 


Park Plaza at Arlington Street 
Boston, MA 02117, U.S.A. 


The conference program has been de- 
signed for two groups of people — resear- 
chers in the life sciences anxious to learn 
about and discuss the latest develop- 
ments in the molecular biology of cancer, 
and physicians who consider that these 
developments may eventually affect their 
own work with patients, 


"Participation: in the conference. will be 
| restricted so as to provide opportunities for 
= ticipating to mix with and to 
question those responsible for the latest f 
esearch. PER 






To this end, the leading scientists making 
formal presentations will also take part in 
two-hour round table discussions, provid- 
ing añn ample and unusual opportunity for 
participants to take part in detailed discus- 
sions and to make short presentations oh. — 
their own. i 





To take. pt in this important and novel 


_ conference, “register now and t book your... * 
rooms {also limited) at the Boston Pak 
F ra Hotel and Towers. 
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Conference Program 


September 10-12, 1984 
Boston Park Plaza Hotel 


Daily Themes: 


DAY 1 - ONCOGENES, 
DAY 2 - THE CANCER CELL, 
DAY 3 - PROSPECTS /PROBLEMS 


The Molecular Biology of CANCER 


I wish to reserve Conference Registra- 
l tion(s) in the names of: (Please print or type) 


oft 


programs and other materials. 


My Check for $ is enclosed. 
Charge My Credit Card as Shown: 


G AMEX O VISA G MASTERCARD 
Credit Card # Expiration date 


Signature De Wire 


(as it appears on credit card) 
Please Bill Me 


c 
: O Please Bill My Organization 


— RETURN TO: 


The Molecular Biology of CANCER 


c/o NATURE PUBLISHING COMPANY 
15 E., 26th Street 


NEW YORK, NY 10010 
Phone: (212) 689-5900 
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“CATALOG O 
NUMBER PRODUCT 





PROTEIN A [1-125 | 


Be 68049 Protein A, [1-125] 


68038 
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-2-10 1. Ci/g Immunological grade 
- 01M phosphate buffer ethano! (1:1) 


pH 7.5 


-Protein A, [1-125] 


>30 «Ci/ug Immunological grade 
01M phosphate buffer: ethanol (1:1) 
pH 7.5 


‘Protein A, [1-125] 


100 Ci 
250 wCi 
500 Ci 


100 wCi 
250 pCi 
500 Ci 


10 uCi 


70-100 nCi/ug Immunological grade 20 uCi 
0.1M phosphate buffer: ethanol (1:1) 
pH75 


50 wCi 


CALL TOLL FREE 


800-854-0530 


IN CALIFORNIA CALL COLLECT: 
714/833-2500 


CATALOG PRICE 


$120.00 





180.00 
260.00 


120.00 
180.00 
260.00 


120.00 
180.00 
260.00 


68058 





ALSO AVAILABLE 


Albumin [1-125] 

Cyclic AMP [I-125] 
a~Bungarotoxin [1-125] 

Cyclic GMP [I-125] 

Epidermal Growth Factor []-125] 
Fibrinogen [1-125] 
Immunoglobulins [1-125] 

Insulin [1-125] 

lododeoxycytidine [I-125] 
lododeoxyuridine [1-125] 
lodohistamine [1-125] 
lodohydroxybenzyilpindolol [1-125] 
lodosulfanilic acid [1-125] 
Polyvinylpyrrolidone [1-125] 
Wheat Germ Agglutinin [1-125] 





if the compound you need is not listed 
above, call Customer Service for 
information on Custom Labeling. 








ICN Chemical & Radioisotope Division e 2727 Campus Drive s Irvine, California 92715 





V.C. Topp, Cold Spring Harbor 
Laboratory | 
J.D. Watson, Cold Spring Harbor 
Laboratory 





Contents 


Growth Factors 
Cytoskeleton 
Gene Expression 
_Keratins 
Promoters 
Surface Antigens 


March 1984, 385 pp. (approx.), illus., 
index : | 

ISBN 0-87969-168-9 

LC 83-26318 CIP 

Paper $45 ($54 outside US) 


ALSO NEW ... 


HUMAN T-CELL LEU. 
The Family of Human T-Ly 


. 4 nnouncin a Series that Changes with the Times... 


CANCER CELLS | 


CANCER CELLS 2 















em 






Oncogenes and Viral Genes 


Edited by G.F. Vande Woude, National 


Cancer Institute, NIH 
A.J. Levine, State University of New 
ark at Stony Brook 
W.C: Topp, Cold Spring Harbor 
Laboratory 
J.D. Watson, Cold Spring Harbor 
Laboratory 


-Contents 


sre] 

sre Il 

Polyoma Virus 

myb and myc 

Chromosomal Rearrangements 

mos, fos, erb, fes, vel and abi 

Large and Small T- p53, and 
Epstein-Barr Virus Nuclear Antigens 

ras” eS, 

Oncogenes and Viral Genes 

Adenovirus EIA, EIB. 


April 1984, 650 pp. (approx.}, illus., 
index : 

ISBN 0-87969-169-7 

LC 83-26336 CIP E 

Paper $65 ($78 outside US) 


EMIA / LYMPHOMA VIRUS 


mphotropic Retroviruses: 


Their Role in Malignancies and Association with AIDS 


Edited by R.C. Gallo, National Cancer institute, NIH 
M.E. Essex, Harvard University School of Public Health 
L. Gross, Veterans Administration Medical Center. Bronx, NY 


ISBN 0-87969-170-0 


ei LC 84-1757 CIP 


Cloth $50 ($60 outside US) 









} Cold Spring Harbor Laboratory 
J P.O. Box 100CN, Cold Spring Harbor, New York 11724 P 


Orders for Japan: University ot Tokyo Pre He ngo: Bunkyo-ku. Tokyo 113-91 Japan 
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World Precision Instruments custom glass facility specializes in 
difficult to find or “built to order” items of glassware. 
We also stock a complete line of micro capillary glass. 


if you need an item of glassware and you can’t seem to locate it, give us a 3 calit 





D WORLD PRECISION INSTRUMENTS 
7 375 Quinnipiac Avenue, New Haven, CT 06513 
< j 203-469-8281 Telex 710-465-2638 Cables: WPINSTR 
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No Bumping Keine Blasenbildung Sans Proens 
No Smearing Kein Verschmieren Sans Mousse 

No Washdown Kein Runterwaschen Sans Entrainement 
No Dilution Keine Verdunnung Sans Dillution 

No Transfer Kein Transfer Sans Contamination 
No Losses Kein Verlust Sans Pertes 


The Speed Vac Concentrator will yield virtually 
100% sample recovery with Eluates, Hydrolysates, 
Extracts and Dialyzed solutions. 


Concentrate prior to analysis 


by Gas Chromatography (GC), High Pressure Liquid 
Chromatography (HPLC), Electrophoresis, TLE or TLC. 


A lab tested, work saving system now widely used in Drug 
Monitoring, RNA & DNA, Sequencing, Protein Structure Analyses, 
Isolation of a wide range of organic and biochemical species. 


Send for literature today. SAVANT INSTRUMENTS, INC. 
-221 Park Ave., Hicksville, NY 11 801 (516) 935-8774. 





LE S. PATENT NO. 4226669 
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Now all the advantages of Zeta-Probe membranes are 
electrophoretic blotting can be also an excellent complement 
successfully applied to nucleic to nitrocellulose for protein 
acids. How? By using Bio-Rad’s transfers. Contact us for our 
Zeta-Probe membranes. 1 New technical bulletin 

ay | describing step-by-step | 
protocols. You'll also : 
receive information on our 


state-of-the-art systems for | 
electrophoretic blotting. bo 




































Zeta-Probe membranes are 
ideally suited for the low ionic 
strength buffers required for 
electrophoretic transfer of nucleic 
acids. With Zeta-Probe, you can: 


MMM bind single stranded DNA 
and RNA, including fragments as 
small as 10 bases. 


i rehybridize up 
to 11 times, using a 
different labeled 
probe each time. 


MM detect single 
copy sequences by 
hybridization. 


a Protocols 
available on 
request. 








Bio-Rad Laboratories 

2200 Wright Avenue 

Richmond, CA 94804 
(415) 234-4130 





A. Eleventh round of 
hybridization on Zeta-Probe 
membrane. Data provided by Dr 


Also in Rockville Centre, N.Y., 
Richard A. Gatti, UCLA. 


Australia, Austria, Canada, 
England, Germany, Italy, Japan, 


B. Electrophoretic transfer of The Netherlands, and Switzerland. 


DNA, 10-125 nucleotides. Photo 
courtesy of Drs. William Garrard and David 
Gross, University of Texas Health Science 
Center, Dallas, Texas. 
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We're well known for the quality restriction A aes a PaA Toba iota? 
enzymes which we produce. But we're also ; Harrison/Schulz, Inc.—(818) 796-9200 
f $ Philadeiphia: Daniel Adams Associates, 
agen "i vane D i ; T Ly A ne wots) 5.05 Aea 
e manufacture Message Dependant Lysate, m4 ston: sociates— ‘ 
f Fort Lauderdale: Brinker & Brinker—(305 
< §PPIDNA, DNA/RNA Modifying Enzymes, K 771-0064 AKEE A ener: 
- Immobilised Antibodies and Steroid Antisera. — Z A Ps er Mary e 572 9018 
We also sell Riboprobe™", Packagene™ 7 ena a 


i ‘West Germany and Austria: Franz Schrecklinger 
|. TMW Top Media Werbegeselischaft GmbH 
Frank furt—(6i 1) 726046 


| | Holland and Belgium: Adele Struyck 
| |G. Arnold Teesing BV 
oe Amsterdam—(020) 2636 15 
| | Switzerland: Werner Stahli 
Ff Agentur Iff AG 
Job Sechaffhausen—(053) 45821 
TE Scandinavia: Andrew Karnig 
1. Andrew Karnig & Associates AB 
iE Stockholm—(08) 51 68 70 
| Japan: Mashy Yoshikawa. 
Fo Orient Echo Inc, Tokyo--341-4923 


~ RNasin “and GammaPrep "systems. 
oo Andwe re currently A e DpIRg new 
enzymes. - | 
ee Write or telephone us now for your free 1984 
|. catalogue and you'll see just how much we 
= n do for you. - 














38 Qiieensland Street 


ae i MER $ Aa Cus Bartel & Associates. . 
a <e BEBO Box 1755 
Liver pool L7 3JG ae Southport, ‘Queensland 4215—(075) 466 577 


Telephone 051-709 4701 
‘Telex. 627694 





~~» Nature® ISSN 0028-0836 
Registered as a newspaper at 
the British Post Office 
- ©1984 Macmillan Journals Ltd — 


Vol.308 No. 5958 29 9 March 1 984 






- Circle No. Be ‘on i Reader a Sonica Card 













_ NATURE VOL. 308 29 MARCH 1984. 





it is only anothe 

EVER since the British occupation of large parts of what is now 

France ended in the fifteenth century, the British have been only 

ambivalently linked with mainland Europe. Last week under- 
= scored that well-known truth. The predictable (see Nature 15 

March, p.213) but nearly-averted collapse of the European 
summit has put the British Government once more in the Euro- 
pean dog-house, with the justice of its case inadequately under- 
stood. The British decision that there should now be a recon- 
sideration of continued British membership of CERN, the 
European collaboration in high-energy physics, will further 
reinforce the impression that the British have concluded that their 
sceptered isle north of the white cliffs of Dover would be better off 
on its own. Although membership of the Community and of 
CERN are far from identical, and although the implications of 
-T British membership of the Community are by far the greater, the 
common elements in last week’s events are chilling. 

On both issues, the British have a reasonable case. Within 
the Community, the importance attached to agriculture is 
anomalous, deriving from the 1950s. To belong to an organ- 
ization whose budget cannot be controlled is foolish. And there is 
no longer any reason why only two members of the Community, 
Britain and West Germany, should be net contributors to the total 
cost of what has become a genteel way of converting most 
countries’ gross contributions into farm subsidies. The Brussels 
meeting last week came close to a recognition of these complaints 
and also had the benefit of a scheme for containing the cost of 
European agriculture. So why did it fail? The outward reason, for 
which Mrs Margaret Thatcher, the British Prime Minister, has 
been blamed, is that the British insisted on the full amount of the 
monetary compensation they had been demanding (which is not 
true). The real reason is that, in the end, the negotiations turned 

on an arithmetical calculation of national advantage in isolation 
-ġ*rom a necessarily less tangible consideration of the opportunities 
“= the European Community provides. If last week’s disagreement is 
not resolved, the British will be culpable not for having fought for 
their national interest but for allowing that to be too narrowly 
defined. 


Uncertainty | 
The danger in the British reconsideration of membership of 
CERN is that the end result may be the same. Again the case is 


“08 






reasonable enough. Faced with an implacable government, the 
same that negotiated in Brussels, the Advisory Board for the. 


Research Councils has concluded that it may have drastically to 
draw in its horns (see p.390). Considering withdrawal from 
CERN seems reasonable enough. But neither the board nor the 


Science and Engineering Research Council, which administers the 
budget for high-energy physics, has felt qualified to take a view 





ff its own bat. Instead, a difficult decision has been farmed out 
o yet another committee and what is bound to be a delicate diplo- 
matic issue has been transformed into a simple exercise in Boolean 
algebra: the review committee will make a YES/NO recommen- 
dation, the board will give a YES/NO endorsement and the 
government will respond YES/NO. For the best part of the two 


years, CERN will not know whether Britain is going to remain ay 
member, but the financial pressure on the research councils will |. 
not be relieved until 1987, by which time it will be too late, on the | 


> board’s own protestations, to rescue British science. 





a part of Europe? 


to reconsider membership of CERN suggests backsliding from Europe. But 


to demonstrate the good sense of efficiency of what is being d 
under its wing. The complaints of one of the board’s ne 


better timed. 














sign that the administration of British science should be improved. 


What else could have been done? The starting point should 
have been that diplomatically delicate issues must be dealt with 
diplomatically. Although the British position differs fromthatof 
most other CERN members in that the annual subscription _ 
competes directly with the funds generally available for o 
supporting research, the British interest to pay less is probably 
widely shared. Why not find out? But even if there is a common 
interest in a cheaper CERN, that would not imply amass exodus, 
There has never been an occasion when the cost of operating the 
laboratory has been examined by people who are also sympathetic 
to its objectives and conscious of its achievements. Why not __ 
mount that for starters? Indeed, why not have done so twoor o 
three years ago, when it became clear that CERN membership. 
would be a problem? And since the objective is not to abandon 
high-energy physics as such but to make room in a stagnant 
British science budget for other things, why not give warning well 
in advance that the next large accelerator to be started should be 
built by an even wider collaboration? None of this would have 
saved money in the short run, but nor will the present plan. But the 
result would have been a better understanding of the problem, per- 
haps a measure of economy and a decision on future membership 
reached in concert with others, not one presented by Britain to the 
rest of Europe as the last word on the national self-interest. 


Diplomacy 

But how could this have been accomplished by a board whose 
function is merely advisory? No way. The board as constituted 
cannot engage in diplomacy or instruct civil servants to do so on 
its behalf. For these are tasks that either the government or the 
research councils alone can undertake, while the advisory board 
has no employees of its own, only people told off by civil servants 
to help it out. And because nobody is sure whether it is an 
independent body giving independent advice or, alternatively, a 
kind of representative body intended to conjure consensus from 
the necessarily different interests of the agencies its members re- 
present, it is bound to be even less capable of making up its 
collective mind than most committees. This is not a complaint 
against the members individually, but at the conditions under 
which they are brought together. Ordinarily, these difficulties are 
not conspicuous. The danger, illustrated by the way in which the 
decision about continued membership of CERN has been forced 
on ABRC and then shelved, is the impression thus created that 


Britain is once again dealing high-handedly with the rest. of 


Europe. It is hard to think that any single member of the com- 
mittees concerned would have allowed that to happen. ` a 
Things can only get worse in the months ahead. The board, 
having committed itself to the belief that the British Government 
should spend more on basic science, has no choice but to reiterate = > 
that view with each successive piece of advice it gives. Its decision 
to commission a study of trends among comparable countries 
may help to make its repeated complaints seem reasonable, not 
merely strident. But the board does not have the power todowhat - 
might most effectively help to make its case — to enquireintothe 
way in which its dependants manage their affairs in such detail as - 








members, Sir Douglas Hague (see p.391) could hardly have b 





Tow to keep secrets" 
The United States should be more flexible about 
the flow of militarily sensitive technology. 


THE Reagan Administration is making a muddle of its revision of 
the Export Administration Act, the measure that will regulate the 
export of technology with military implications. Long before the 
original version was due to expire last September (it has been 
extended), the administration was openly complaining about the 
rules it had inherited. It is now more than two years since Admiral 
Bobby Inman, then still with the Pentagon, startled academics 
with the statement that the flow of militarily important 
information from the United States to the Soviet Union 
constituted a haemorrhage and that if universities did not 
volunteer a mechanism for abating the flow, they would find one 
thrust upon them. That is what is now happening, to judge from 
the threat by several research universities that they will accept no 
more research contracts from the Pentagon if foolish restrictions 
on publication are enforced (see opposite). Most people’s 
instinctive reaction will be to blame the Pentagon for its failure to 
-understand the character of academic science. Blame attaches, 
but the issues are too complicated for the blame to be unalloyed. 
The need for legislation of some kind is regrettable but not 
disputed, except by the Soviet Union. National defence has 
become so bound up with technology that all governments seek to 
-keep potentially valuable secrets to themselves. The Soviet Union 
-has the simplest and most effective arrangement there could be. 
Military research and development is kept strictly separate from 


< civil research and development, with the consequence that the 


technical community is split into two and that the pace of civil 
development is slower than it would otherwise be. Such a rigid 
division between military and civil work would be intolerable in 
most Western countries for two reasons: the rigidity of the Soviet 
system is an offence against people’s liberty, but the restraint of 
civil development is both unnecessary and intolerable. So much is 
widely understood. It is less widely appreciated that shading of the 
separation between military and civil research and development 
can be purchased only at a price — leakage of information and 
even products. 


Tension 


This principle is implicit in the arrangements that have grown up 
in recent decades in the West for regulating the flow of technology 
to the East. There is a NATO-based organization called COCOM 
that maintains a list of products in which trade shall not be free. 
Governments which honour the embargo need domestic 
legislation allowing them to determine how their own companies 
should conduct their export businesses, which is partly what the 
Export Administration Act is for. What the US Congress needs to 
appreciate is that the system for operating the strategic embargo 
has never worked smoothly, and never will. In the strictly 
commercial field, where what matters is the export of products, 
there are several sources of tension between the United States and 
its partners. First, perceptions differ on the urgency of the strictly 
military threat. Second, there is a continuing dispute on the 
degree to which strategic embargoes should be devised for 
economic rather than military reasons. Third, many companies 
and governments in Western Europe regard Eastern Europe and 
the Soviet Union as the principal markets for technologically 
advanced products which are accessible to them. Finally, there are 
suspicions that the strategic embargo can be used by the United 
States as a means of putting other Western companies and 
governments at a disadvantage, especially in the sale of goods 
made in Western Europe under licence from the United States. 
Congress has entered into the revision of the act with the gusto 
expected in an election year. The result is that the Senate and the 
House of Representatives have emerged with bills so laden with 
contradictory amendments that it is hard to see how they can be 
reconciled. On some issues, the administration has been helpful, 
and on the side of the angels. Now, for example, the suspension of 
all trade with the United States will not be the automatic penalty 





——oPiNioN— 


for a Western European government judged (in Washington) to 
have administered the strategic embargo loosely. But in a year 
when there is some electoral benefit to be won by those who let 
their constituents know clearly where they stand in relation to 
countries overseas, the temptation to burden the bill with tough 
talking amendments has been irresistible. Both the administratior 
and Congress must, however, share responsibility for the most 
obvious weakness of what they are planning, their failure openly 
to recognize that in the West, no strategic embargo can aim at 
complete prohibition. The best that can be done is to keep the 
flow of goods and information at such a level that the natural pace 
of development in the West will always outdistance the 
advantages gained from leakiness. 


Computers | 

How is such a principle to be applied to information as well as to 
the export of goods and services? Hitherto, the COCOM 
mechanism has at least been a forum in which contentious issues 
can be resolved between the United States and its partners in the 
enterprise. What has worried Western Europe in the past few 
years has been the tendency in the United States to a rigid 
interpretation of technological advantage. Computer equipment 
naturally features on the embargo list for example, and there 
would undoubtedly be great strategic significance in, say, the 
export of machines for making microprocessors, but in this 
respect the interests of the military and commercial secrecy luckily 


coincide. On the other hand, there is very little of strategic value to 4. 


be learned from a few example of hardware put on the markets in- 
the West five or so years ago that cannot just as easily be learned 
from. the open literature. Much the same is true of another 
fashionable field, the manufacture of novel materials. The fact 
that, with the passage of time, many innovations in such fields are 
found to have been used in the manufacture of Soviet equipment 
is neither here nor there. All that should matter is that the time-lag 
should be long enough to ensure that techniques in the West have 
moved on another notch. 

This is the point at which the US academic community has 
something to offer the administration. In the past few months, 
with the growth in the number of supposedly public conferences 
which have been restricted to US nationals, it has become plain 
that too many decisions about the administration of the whole 
system have been left to officials who are plainly ignorant of the 
realities of technological innovation, and of the comparative ease 
with which innovations once launched may be imitated elsewhere. 
Is it too much to ask, even at this late stage, that the 
administration should engage the academic community in ay. 
serious attempt to define the effectiveness of policies such as those% 
now being followed? Some case histories would help, as would a 
serious study of the two-way flow of information between the 
United States and Japan on the development of microelectronic 
devices. (The officials responsible for excluding non-US nationals 
from conferences in the United States seem unaware of the 
numbers of Japanese names with which conference programmes 
of the IEEE are now littered.) And it should be possible to make 
some qualitative assessment of the degree to which the inhibition 
of the free flow of information may damage technological 
innovation even in the United States. . 

At some level, however, that is the coinage in which the price of 
secrecy must be paid. Reports that some research universities in 
the United States will not accept research contracts if normal 
publication of results is seriously inhibited are merely a proof of 
that. For many universities in the United States and theif’ 
faculties, this is an issue that cannot be fudged. Senator Jesse- 
Helms’ amendment to the Export Administration Act is bound, if 
it stands, to force such a confrontation. But there is no reason to 
think that the universities in this dilemma are disloyal to the 
administration, or anxious to see some other power prosper. The 
essential difficulty is that the definition of what information is 
sensitive cannot be left by self-respecting academics to nameless 
officials in some government office. Here again the need is fora 
forum for framing definitions that command the respect of those 
affected. | o 
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Research freedom 







Washington Beas 
Two months aft eiling the biggest 
research and d ent budget in its 
history, the US | Jepa rtment of Defense 
(DoD) is facing a major crisis in relations 
with the academic research community. 
The presidents of several leading research 
universities, believed to include Harvard, 
Stanford and Massachusetts. Institute of 
Technology, have drafted a letter warning 
DoD that they may refuse in future to 
accept “‘sensitive’’ applied research con- 
tracts from the department if it implements 


a draft directive limiting the right of uni- 


versity researchers to publish. 

The controversial directive, DODD 
2040.2, was the main item discussed at a 
meeting last week of a joint university- 
_ DoD working group looking into the 


impact on universities of the Reagan 


_ Administration’s crackdown on the 
transfer of sensitive technologies to 
potential military adversaries. The meeting 
ended without agreement after the 
university side warned that some of the 
nation’s best universities would withdraw 
from defence research altogether rather 
than sign contracts giving DoD the right to 
decide whether or not research findings 
should be published. 

Under the directive, DoD would have no 
right to restrict publication of papers which 
emerge from contracts in research areas 
designated in the contract as ‘‘non- 
sensitive”. Nor would it block publication 
of ‘‘sensitive’’ basic research papers, 
although it would havea chance to see them 
_.before they were submitted and ask 


@ authors to consider making changes or 


withholding publication. The universities’ 
main complaint concerns papers which are 
both ‘‘sensitive”’ and “applied”. In these 
cases, authors would have to give the 
papers to the Pentagon 90 days before sub- 
mission to a publisher. And DoD would be 
allowed to insist on changes or to block 
publication. 

_ DoD is already empowered to classify as 
secret any research findings which, if 
released, could seriously jeopardize the 
security of the United States. At last week’s 
meeting, Gerald Lieberman, Stanford Uni- 
versity vice-provost, said he would prefer 
g. DoD to use the formal classification proce- 


“S dures in such cases than to ask universities 


to surrender control over a wide range of 
research contracts. And David Wilson, the 
University of California political scientist 
chairing the university group, warned that 
a number of universities (he would not 
name them) had already signed a document 
saying they would refuse to accept the 
blanket control of ‘‘sensitive’’ applied 
projects recommended in the directive. 





NEWS 


cademics jib 
agon secrecy 


The universities calculate that formal 
classification will be used rarely, because of 
the strict requirements government depart- 
ments must meet before proving the need 
for secrecy. DoD, arguing that the 
proposed new measures will also be saved 
only for rare occasions, believes it would be 
a pity to adopt an ‘‘all-or-nothing’’ 
approach based on classification. The two 
sides are to meet again to look for a 
compromise. 

Meanwhile, the universities are facing an 
unexpected setback on another front in 
the battle against intrusive controls on 
research publication and dissemination. In 
May, pressure from the universities led to 


significant changes in new drafts of the | 
expiring Export Administration Act — one. 


of the major pieces of legislation used by 
Urban research 








Boston 

THE city council of Cambridge, Massachu- 
setts, is embroiled in another scrap with a 
local research institution. Three weeks ago, 
the city’s health commissioner ordered 
Arthur D. Little Inc., a prominent 
consulting company, to cease research on 
toxic nerve gas and blister agents in its new 
high-level containment facility until an 
advisory committee appointed by the city 
manager had approved the work. A.D. 
Little responded. by obtaining a prelimi- 
nary injunction against the order of the 
county court two weeks ago, and the judge. 
will rule on the company’s request for a 
permanent injunction this week. 

The controversy over the new Phillip L. 
Levins Laboratory began after its dedica- 
tion last fall, when it was widely reported 
that A.D. Little had contracts from the 
Department of Defense to investigate ways 
of detecting, detoxifying and destroying 
highly toxic ‘‘surety agents’* — chemicals 
whose primary use is killing - people. 
Despite the company’s protests that the 
containment and safety precautions far 
exceeded federal requirements and that the 
amounts of the agents to be tested were 
quite small, Cambridge residents living 
nearby were jittery. 

At a tumultuous meeting in November, 
the city council voted to appoint a scientific 
advisory committee to review the proposed 
research. They had made little progress by 
February, when the Massachusetts Depart- 
ment of Health approved the nerve gas 
work, finding that the laboratory posed 
minimal risk to the surrounding commun- 


ity. Ironically,- this announcement 
l revived opposition, particularly in the 


_ chemical surety agents, without the per- 
_ mission of the Department of Defense. At 













language to the act asserting that it was 
policy of the United States to sustain a 
“vigorous” scientific enterprise. “To ‘do. 
so,” the declaration added, “requires 
protecting the ability of scientists and other 
scholars to communicate their research 
findings by means of publication, . 
teaching, conferences and other means of — 
scholarly exchange”. The House of - 
Representatives has adopted the new — 
language, but the Senate, in voting for a i 
package of amendments proposed by 
North Carolina Republican Jesse Helms, 
has added the word “‘non-sensitive” in a 
front of the phrase “research findings’. _ 
The final wording will be decided by a 
House-Senate conference, and in prelimi- 
nary staff meetings last week there was no 
indication that either chamber was prepar- 
ed to modify its language. The Universities, 
however, take comfort from the fact that — 
Senator Helms is not a member of the _ 
conference committee. Peter David _ 





Cambridge fights nerve gases — 


neighbouring cities of Arlington and 
Belmont. Suspicious of the reports approv- 
ing the laboratory and preferring to find 
out for itself, Cambridge City Council ~ 
quickly requested a ninety day moratorium 
on work at the facility, to which the 


| company refused to agree, citing its 


contractual obligations. Considerable 
pressure was then put on the city health 
commissioner, Melvin Claflin, to use his 
power to ban the work as a danger to public 
health. Despite his opinion that the 
laboratory was.a safe facility, he issued the 
order prohibiting the testing, . storage, 
transportation or disposal of nerve gas and 
blister agents within the city. 

Left with only the option of destroying 
material on hand, A.D. Little argued in. 
court that such an action would violate 
federal statutes that outlaw the destruction 
of US property, the destruction of 







the council meeting three days ‘later, 
tempers flared as A.D. Little’s presiden 


_ John Magee was denounced by a frustrated a 


Councillor Alfred Vellucci, best known as 
an initiator of a ban on recombinant DNA 
work in Cambridge from 1975 to 1977. 
This controversy could drag on in the. 
courts for some time. Yet legal resolution — 
of this particular issue will do little to allay 
public concern about the huge variety of © 
hazardous materials in use at local univers- 
ities, hospitals and corporations. Many 
Cambridge residents have expresse 
wonder at why such work — no matter ho 
minimal the chance of a major accident - 
has to be carried out in such a dense 


populated area. Christophe 














European collaboration 








UK to brood on CERN pullout 


THE United Kingdom continues to pull 
up the drawbridge to Europe. The British 
research councils are to spend the next year 
making up their minds whether to pull out 
of the European Organization for Nuclear 
Research at Geneva (CERN). The decision 
was announced last week, on the heels of 
the demonstration by Mrs Margaret 
Thatcher, the British Prime Minister, at 
Brussels of her independence from Europe, 
by Sir David Phillips, chairman of the 
Advisory Board for the Research Councils 
(ABRC). 

ABRC says that the need to review 
membership of CERN has been made 
necessary by the ‘‘grave’’ shortage of funds 
for the support of civil research in Britain. 
Two requests for extra funds in the British 
research budget have been turned down by 
the government. 

- The politically sensitive nature of the 
planned study seems in everybody’s mind. 


“ine 
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aa R REA Y Me PP 
Mrs Margaret Thatcher gets to know CERN, anes 
emphasized that the British commitment to 
CERN is a treaty obligation which can be 
ended only by the government. Ina letter to 
the ABRC chairman, also released last 
week, Sir Keith Joseph, the Secretary of 
State for Education and Science, insists on 
the “‘constitutional distinction’ between 
the ‘‘board’s advice on a matter and what 


the government may decide on that 


advice’’. 

The ABRC plan is that a committee 
under Sir John Kendrew, president of St 
John’s College, Oxford, president of the 
International Council for Scientific 
Unions, chairman of the British National 


< Scientific Committee on Unesco and, until 


1982, director-general of the European 
Molecular Biology Laboratory, will report 
both to the Science and Engineering 
Research Council (SERC), which launders 
the British contribution to CERN, and to 
ABRC. | 





The other members of the committee 
are Sir Jack Lewis (physical chemistry, 
Cambridge), Professor Kenneth Pounds 
(X-ray astronomy, Leicester), Sir Francis 
Tombs (previously with the UK Atomic 
Energy Authority, now a director of manu- 
facturing and banking companies) and Sir 
Douglas Hague (chairman of the 
Economic and Social Research Council). 
Dr Christopher Llewellyn Smith, the high- 
energy physics theoretician from Oxford 
with close links to CERN, is to be an 
adviser to the review group. 

The group, to which other members may 
be appointed, is expected to report a year 
from now. On that timetable, given the 
need for a full calendar year’s notice, 
British mémbership could not end sooner 
than 31 December 1986. 

The research councils seem to have won 
from the government the concession that if 
it is eventually decided to withdraw from 
CERN, the money saved will be ‘‘rede- 
ployed’’ within the science budget. Or, in 
Sir Keith Joseph’s words, ‘‘While the level 
of the science budget for any future year 
will, of course, need to be considered in the 
light of all the circumstances at the time, I 
can say definitely that any such proposal to 
which the government agreed would not be 
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an occasion for cutting the science budget 
as a whole”, 

On the question of what would happen 
if the British Government decided for 
political reasons not to follow an ABRC 


recommendation to withdraw, Sir David _ ee 


Phillips said that he would expect the 
government to ‘‘stand by its commitment’. 

But Professor John Kingman, chairman 
of SERC, denied that the proposed study 
of withdrawal from CERN is a stratagem 
to saddle the government with separate 
financial responsibility, saying that no part 
of his research council’s programme is 
‘‘sacrosanct’’, that another committee is at 
work on commitments in space research 
and astronomy and that the research 
council contribution to CERN isthe largest 
identifiable item in SERC expenditure — 
some 24 per cent of the total. 

There was some confusion last week 
about the possible abruptness of British 
withdrawal from CERN. In one breath, 
Kingman said that ‘‘you cannot be an 80 
per cent member’’ and offered the possi- 
bility that ‘‘our partners would agree to a 


different pace of development”. The . =. 


review group’s terms of reference ask it to” 
consider ‘the role and extent of inter- 
national collaboration’’, suggesting the 
possibility of renogotiation of the treaty, 
not outright withdrawal. 

By 1987, the first possible year in which 
the United Kingdom might not belong to 


Another blow to UK physicists 


BRITISH nuclear and high-energy physics 
are under pressure other than that of the 
threat of withdrawal from CERN. At last 
week’s meeting of the Science and 
Engineering Research Council, when pre- 
liminary plans were drawn up for spending 
during 1985-86, nuclear and high-energy 
physics were at the bottom of the list. 

The council appears to be engaged on 
its ‘‘forward look’’ for submission to the 
Department of Education and Science 
before the budget cycle for the next fin- 
ancial year gets under way. The trick on 
which the council has embarked, with the 
objective of introducing flexibility into 


its budget, is to induce its component | 


spending boards to release a portion of 
their funds into a general reserve on which 
all may then make bids. On the showing so 
far, the science board (small science) seems 
to be doing best, then engineering and then 
space science. Increases in these fields will 
then be paid for by a decrease in the budget 
of the nuclear science board. 

Broadly the argument seems to have 
gone this way: small science has been 
relatively under-supported and so should 
receive more from the general reserve. 
Engineering, still favoured by the govern- 
ment, has risen threefold in the past decade 
so that the council leant towards consoli- 
dation. But space science has been badly hit 
both by the policy emphasizing optical 
astronomy and the general shortage of 





funds and so should also be protected. 
The upshot is that there was nothing in 
the kitty for the nuclear science board, 
which will be left with an even smaller 
margin than the present £15 million 
between its total expenditure and the 
treaty-determined subscription to CERN. 
Some high-energy physicists say that the _ 


margin is already so eroded that the CERN 





subscription is ill-used by the British high- 
energy physics community. These pro- 
posals, to be finalized in April, will become 
part of ABRC’s proposals to the British 
Government, due in the spring. A more 
radical proposal for internal reorgan- 
ization is a plan to merge the two most 
expensive boards maintained by SERC — 
the astronomy, space and radio board and 


. the nuclear physics board. This proposal, 


first canvassed by SERC chairman Pro- 
fessor John Kingman last summer, is 
intended to allow peer assessment of the 
relative merits of high-energy physics and 
astronomy projects. At present, decisions _ 
such as these fall to the council, which does 
not always have the scientific competence 
to make judgements. 
The effect of such a: 





ecision would be to 


| create a single high-spending board 
accounting for some 40 per cent of SERC 


expenditure. An obvious snag is that the 


_ big spenders and the small spenders would 
_ be set at each others’ throats. But council 
| meetings might be shorter. Robert Walgate 
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CERN, the LEP electron accelerator will 
- be nearly complete and plans for the next 
more powerful machine would, on past 
form, have been canvassed. (LEP is due to 
be commissioned. during 1988.) So, at the 
least, the mounting of the review is 
probably a guide to future negotiating 
` positions at CERN 

pation in plann 









iments at LEP 
icontribution in 
1977 and thereafter. - 

The decision to reconsider British 
membership in CERN has sprung from 
ABRC’s annual recommendation to the 
British Government on the division of the 


UK research budget 
Straitjackets for 


THE British. Advisory. Board for the 
Research Councils (ABRC)i is likely for the 
third successive year to urge on the govern- 
ment that more money should be spent. on 
civil research, according to its chairman Sir 
David Phillips. He was introducing last 
week an account of the board’s frustrating 
» dealings with the government over the 





"research budget for the financial year 


beginning next month. 

In a break with practice, ABRC last year 

gave the UK Government two substantial 
pieces of advice — a statements of its case 
for more money (in time for the beginning 
of the annual estimate of public expen- 
diture in the spring) and recommendations 
on the distribution of the budget eventually 
agreed (in the autumn). Both documents 
together with correspondence with the 
Secretary of State for Education and 
Science are published as Scientific Oppor- 
tunities and the Science Budget 1983 
(available from Publications Despatch 
= Centre, Department of Education and 
Science, Cannons Park, Stanmore, Mid- 
_ diesex). 
4 ABRC’s bid for 1984-85 turns out to 
“= have been for an extra £22 million, or some 
4 per cent of the total science budget. In the 
two succeeding years, ABRC asked for £33 
million and £43 million extra, making a 
total for three year of £98 million after 
allowing for inflation (see Nature 15 Mar- 
ch, p.217). 

ABRC would have spent the extra as 

follows: 
Research grants. The documents note that 
the three principal grant-making councils 
rejected 650 ‘‘first-rate’’ applications in 
1980-81, for lack of funds. Making good 
the shortfall would have required £3.8 
„million in the coming financial year and 
g- £7.6 million in 1986-87. 








L > Manufacturing engineering. The Science 


and Engineering Research Council (SERC) 
wanted to spend £4 million in the coming 
year, increasing by £1 million in each of the 
two succeeding years, on the application of 
computer techniques to manufacturing 
engineering. 

Food and nutrition, An expanded pro- 
gramme in food research and nutrition by 





—NEWS 


science budget among the several claim- 


ants. This year’s document, published 


three months late because of the delay in 


mounting the CERN j inquiry, says that it 


has been forced to consider ‘‘withdrawing 
completely from a major area of scientific 
| activity” because the problems facing the 
ut British partici- | 


research councils are ‘‘so grave’’. 
For an occasion of such solemnity, last 


week’s announcement was carried off 


light-heartedly, even with jocularity. The 
explanation may be that which has people 
giggling at funerals, perhaps merely that 
the announcement was made to a bunch of 
journalists. John Maddox 


all 


the Agricultural and Food Research Coun- | 


cil (AFRC) would have cost £18.5 million 
over three years, but £11.5 million of this 
would have been found internally. 

X-ray astronomy. A plan by SERC to 
launch six years from now an X-ray 
satellite capable of detailed spectroscopic 
measurements would have cost £12,5 
million over three years and £30 million in 
total, ABRC says that SERC has now 
decided not to proceed with this plan. 
Medical projects. The Medical Research 
Council (MRC) had a shopping list of 
projects in neuroscience, nutrition and 
diagnostic imaging costing £12.5 million 
over three years. 

Biotechnology. AFRC sought an extra £6 
million over three years, chiefly for work in 
plant science. 


Geophysics. The Natural Environment - 


Research Council (NERC) sought to spend 
a total of £12 million over three years on 
projects such as sea-surface topography by 
satellite imaging, remote sensing and deep 

















seismic surveys. e 
In addition, ABRC sought £29. 5n 
over three years to meet. the co 
“restructuring”, chiefly at AFRC 
NERC, which will now be met by 
on the budgets of MRC and SERC in 
last two of the next three financial yea 
By the use of words such as ‘‘regr 
ABRC has left the government in no dou! 
of its discontent that extra funds are ni 
forthcoming. It says that growing demand 
in the past few years have overstretched the o 
research councils and that even the greater _ 
flexibility likely to flow from ‘“‘restructur- 
ing” ’(chiefly reductions of in-house com- — 
mitments) will not allow the councils to ex- 
ploit all the opportunities which arise, 
‘This requires a continuing investment”; 


which can be achieved only by a larger . 
budget or by ‘‘withdrawing completely | 


from expensive scientific projects”. ABRC 
asks for two further assurances from the _ 
British Government — a lasting understan- a 
ding with the government on the effects of | a 
sterling devaluation on the cost of interna- 


tional subscriptions and on the effects on 


the research councils of the decline in — 
research commissions from government. 
The tactics of ABRC’s dealings with the ae 


British Government from now on are ob- 


viously delicate. Professor John Kingman, 
SERC chairman, said last week that the 
research councils hope to persuade ABRC 
to keep on complaining about the shortage 
of funds, But too much stridency may 
simply irritate the government. 

It may be significant that ABRC has for 
the first time set aside £50,000 of the total 
science budget for ‘‘science policy 
studies”, the first of which is to be an at- 
tempt at an international comparison of 
spending on basic science in Britain with 
that in the United States, West Germany, 
France and the Netherlands. E 


Hague raises doubts over ABRC 


SEARCHING questions about the con- 
stitution of the Advisory Board for the 
Research Councils (ABRC) were raised by 
one of its newest members, Professor 
Sir Douglas Hague, chairman of the 
Economic and Social Research Council in 
the Mond Lecture at the University of 
Manchester on 12 March. His general com- 
plaint seems to have been that ABRC is 


unable, because of its constitution, to man- | 


age its affairs. 

Sir Douglas acknowledged the com- 
plexity of the range of problems with which 
ABRC is required to deal but remarked on 
the overlap between its field and that 
covered by the Advisory Council for Ap- 
plied Research and Development 
(ACARD), asking whether the division is 


tenable or useful. He also raised the ques- | 


tion whether a body whose function it is to 
recommend a division of the science budget 
betwe t the research councils should as a 





matter of principle include the heads of the 
research councils as members. 


He said that ‘‘ABRC needs te 
change. .. and its bureaucracy needs to 
change’’. He argued that there should be 


some means by which ABRC, the research $ ; 
councils and the various parts of the 


government bureaucracy involved with _ 


them could be enabled to learn from their : . 


experience. 
Specifically he urged that there should 


be a “strategy unit” within ABRC to 
‘promote learning” and to ensure that 
“change actually happens”. Acknowled- 


ging that think-tanks are out of fashion in — 
Britain, he nevertheless felt that ABRC is — 
in need of strategic advice. E 
Sir Douglas also dissented from Pro- - 
fessor Ronald Mason’s recommendation at 
the end of last year that ABRC should be 
“‘strengthened’’ on the grounds thatsucha ~~ 
committee would be so powerful that it 
would be regarded as ‘“‘omniscient’’ but 
would be no better able than the present 
committee to take initiatives im ti 
development of new fields of research. | 





© terminals, computers, people and 






Information technology ie ee 


Germany increases investme 


DRASTIC steps to strengthen West German 
-information technology are outlined in a 
. document now published by its Ministry of 
Research and Technology (BMFT). The 
measures proposed are a compromise, in- 
tended to counter the failure of West Ger- 
_ many to hold its own against Japanese and 
US competition, between the Minister of 
Research and Technology, Dr Heinz 
Riesenhuber, and the monetarist Minister 
of Economics, Dr Otto Graf Lambsdorff. 

Graf Lambsdorff, who, while at the 
Organisation of Economic Cooperation 
and Development (OECD), criticized in- 
_ dustrial targeting as a subtle form of pro- 
tectionism, opposes direct state support for 
- research as a distorting influence on market 
forces. Dr Riesenhuber, a more traditional 
pragmatic conservative and a consistent 
advocate of the government’s policy of 
directing the balance of support away from 
direct to indirect measures, such as tax con- 
<- cessions, intends, nevertheless to channel 
~ DM 3,000 million (£750 million) into infor- 
mation technology over the next five years. 

The new BMFT report stresses the 
crucial role of the European Economic 
Community (EEC) in creating a more 
homogeneous rationalized market for 
European companies, now hampered by 
the small size of their national markets and 
the mutual incompatibility of their pro- 


ducts. The report asserts that liberalization 
of European public purchasing. policy in 
fields such as education, science, telecom- 
munication and defence may be more im- 
portant even than the collaborative Esprit 
programme (Nature 309, 100; 1984). A key 
question is the normalization of standards 
(see below) and whether or not this will 
make European products compatible with 
IBM. A recent article in the weekly Die Zeit 
highlights the difficulty of a major German 
institution, the Dresdner Bank, in making 
the investment decision involved in the 
choice between IBM and the major non- 
compatible contender, Siemens. l 

West Germany will begin work at home. 
The government intends to adopt a more 
creative domestic acquisitions policy and 
will insist on conformity with official 
norms for products and interfaces and the 
free flow of information needed to ensure 
compatibility. 

The West German post office is to em- 
bark on five-year and ten-year program- 
mes for the digitalization of telecom- 
munications and the introduction of 
optoelectronic communications. In- 
tegrated Services Digital Network (ISDN) 
will be tested in 1985, introduced from 1987 
and should be complete in ten years. The 
introduction of a broad-band ISDN will 
begin in 1989. Optic communication 


Europe sets a new standard 


Brussels 7 
EUROPE’s major computer firms have 
taken a far-reaching step to create a real 
European market in information. Twelve 
leading information technology companies 
have jointly proposed to the European 
Commission a programme for the imple- 
mentation from 1985 of standards that 
should enormously increase the possi- 
bilities for intercompatibility of products. 

The twelve companies — AEG, Bull, 
CGE, GEC, ICL, Nixdorf, Olivetti, 
Philips, Plessey, Siemens, Stet and 
Thomson — have been the driving force 
behind the European Commission’s Esprit 
programme. 

They have now agreed on an Open 
System Interconnection (OSD, described 
by the Commission as a ‘‘standard for 
standardizers’’. Basically defined by a 
CCITT/ISO standard, it will permit easier 
exchange of information between 


networks and will allow the maximum 
interaction between all aspects of 


_ computing, from the data processing and- 
process control systems of today through | 
y electronic mail, telex (supertelex), and 


the automated office of tomorow. 
OSI will cover seven “‘layers”’. The first 
relates to the physical layer, whether tele- 





T phone wire, optical fibre, bus, coaxial. 


cable or satellite. Higher layers cover data 
link, network, transport of communi- 
cations, session, presentation and appli- 
cation functions. ; 

The twelve information technology 
companies have proposed that a selection 
of OSI standards should be implemented 
from next year with OSI eventually 


"Were already working on 
hove Te pull out of it..." 









producing a full catalogue of interworking 
products. They want to define demon- 
strator projects which will show the inter- 
working of such products in action. Public 
procurement, they say, should be based on 
these standards as this represents a critical 


market for its success. 


For its part, the Commission is studying 
the practical aspects and intends to consult 


governments, national authorities, in- | 
dustry and other users. 





Standard Elektrik Lorenz of Stuttgart. 
| AEG-Telefunken, and SA de Telcom- 





David Price | 






"systems are already being tried out and the 
| results of the trials are expected in 1985-87. 


BMFT estimates that there will be 1 million 
West German subscribers to the European 
mobile radio telephone system. One tender 
for this system, presented this week by. 


munication (SAR), Paris, claims to offer a 
revolutionary new digital systems that 


= could open a much wider market. 


BMFT itself is to support a research 
communications network linking 
academic and research institutes, while the 
Deutsche Forschungsgemeinschaft will in- 
crease support for basic research in this 
field by DM 100 million. 

Specific provisions for research and | 
development from BMFT’s five-year 
budget include DM 90 million for inter- 
faces, DM 90 million for optoelectronics, 
DM 200 million for components, and 
DM 530 million for industrial automation. 


' Applied research will be mainly by the 


Heinrich Hertz Institute and the Society of 
Mathematics and Data Processing of the 
Fraunhofer Gesellschaft, which will put 


about one quarter of its budget into micro- ae 


electronics. It will coordinate micro- 
electronics within its 30 institutes and with 
the business, academic, institutional and 
Länder regional communities. 

Meanwhile Siemens, with Nixdorf one 
of the main competitors to IBM in the 
home microelectronics market and the only 
European producer of 64-kilobit micro- 
chips, last week announced that it will be 
taking on 100 new employees at its develop- 
ment and pilot plant at Perlach, Munich, 
where work will begin this year on a 
256-kilobit chip. It plans to invest DM 600 
million in a 256-kilobit chip production 
plant at Regensburg. Nixdorf, which goes 
public this year, plans that some DM 500 
million of its new capitalization will be 


spent on research and development. The 
be soon, 


outcome will not, however, 
enough to relieve the shortages of micro- 
chips caused by economic recovery in West 
Germany, as elsewhere, and which Siemens 
considers may last until the second half of 
1985. Canny customers have ordered 
ahead, but deliveries of equipment have 
been seriously delayed. 

The BMFT report notes that the govern- 
ment’s pilot project on the founding of 


| small high technology businesses with 


private capital lays special stress on infor- 
mation technology. Although small micro- 
electronics companies trickle onto the 
stock exchange, the Christian Democrats- 
Free Democratic coalition’s continued aim. 
is to create international and national © 
frameworks for the faster translation of 
high technology into industrial wealth. 

A Swiss analyst group estimates that the 


fact that Europe lags behind Japan and the 


United States in microelectronics costs 
four million jobs and that three-quarters of 
all jobs within the EEC are dependent 
directly or indirectly on microelectronics. 
Sarah Tooze _ 
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UK microelectronics continue the successful X-ray astron 2 
e i series with the launch of ASTRO. 


More public support in prospect 


_ THE British Government is to spend £129 | have stimulated investment worth £270 
, million over the next six years in support | million. Its successor is designed to ensure 
for its home micr electronic component | that the growth of British production at 
= production industr lew extension to | least equals the world average. Home 
the Microelectron idustry. Support | production of integrated circuits will be 
Programme, MI more than doubles | worth £300 million in 1985, roughly a five- | 
the finance pre ailable, which is | fold increase in real terms since 1978. 
now fully co he government’s The new scheme recognizes the 
action is intende spur. industrial | extremely high initial capital investment 
companies to invest £1,000 million in the | needed for semiconductor production. 
development and production of integrated | Grants of up to 25 per cent will be available 
circuits during the rest of the decade. for both high and low volume production 
Mr Kenneth Baker, Minister for Infor- | projects and purchase of computer-aided 
mation Technology, said last week that design facilities. Grants of up to £3,000 will 
Britain has now caught up with West Ger- | be made for feasibility studies. 
many as the largest consumer of micro- There may also be some support. for 
chips in Western Europe. The increased development projects if these do not 
consumption iş ascribed in part to the overlap with the government-supported 
success of the government’s separate pro- Alvey programme of research and develop- 
gramme to encourage the use of micro- | ment in information technology. 
electronics in industry. But now there is Companies involved only indirectly in 
concern that Britain should not become semiconductor production will be eligible 
reliant on overséas sources for specialized | for support for projects that are likely to 
arat “custom” chips, and the new scheme is improve the availability of materials, anda 
~hoaimed especially at encouraging companies large part of the new programme will be 
to invest in facilities for their development | spent in companies producing semi- 
and production. | conductor manufacturing equipment. 
MISP I was worth £55 million and will Tim Beardsley 











































The first decisions are expected in the 
next few months, for ISAS must soon Ss 
decide whether to participate in yetanother 
project — the building and launching of | _ 
one of the four satellites necessary forthe __ 
US Open Plasma Observation Network. a 
All these projects — even the launch: _ 
of a lunar orbiter — are just within the 
capability of ISAS and its home-developed = a 
solid-fuel MU-3S series rockets. But a 
major question that will have to be 
answered soon is how long ISAS can keep Shy 
going with the strange constraint — en- __ 
forced by the government — that it should 
develop no rocket with a diameter greater — 
than 1.4 metres. And if it should prove = 
necessary for larger satellites to be launch- 
ed by the more powerful NASDA rockets, 
would ISAS then lose some of its closely- 
guardedindependence? Alun Anderson. 
@As well as visiting Japan (Nature 15 
March, p.216), Mr James Beggs, admini- 
strator of the US National Aeronautics and : 
Space Administration (NASA) has beenin : 
Europe in search of partners for NASA's. E 
manned space station project. Beggs’ me 
proposals seemed to be attractive to the ee 
Japanese Government — after re... - 
assurances that Japanese technology __ 
would not be used in any military 
applications — although it is difficult to see 
where the money would come from. In 
Europe there was also a glimmer of hope for 
NASA. Speaking after the troubled 
European summit on 20 March, President 
Mitterrand said that the EEC heads of 
government had discussed a project that 
would involve talks with the United States 
on a manned space station, but added that it 
was too soon to forecast the outcome. O 


Japanese space research 
Se oe OA 


Shoestring programme prospers 


Tokyo of one a year, along with a series of test 
THE Japanese Government has given tenta- | satellites, while the annual budget has only 
tive approval to plans for scientific | just reached 15,000 million yen ($65 
missions to the ‘‘Moon and planets” and, | million). The big question now is what is to 
at a much later date, for exploration of | come after the next three approved 
Jupiter-type planets and asteroids in the missions: an X-ray astronomy satellite 
final version of its new I5-year space| (ASTRO-C), an auroral observation satel- 
development programme. lite (EXOS-D) and Japan’ first deep space 
_ The programme is aimed chiefly at the} probes which will fly by Halley’s comet 
saevelopment of a large rocket for the (MS-T5 and PLANET-A). 

“launch of telecommunication satellites by The logical continuation of the 
the National Space Development Agency} PLANET-A mission, given recognition in 
of Japan (NASDA) (see Nature | March, | the government programme, is a flight to 
p.3) but it also gives significant encourage-| the Moon. If the Halley’s comet probe is 
ment to the continued expansion of the successful, much of the technology for the 
Institute of Space and Astronautical Science launch of a lunar probe would be proven. 
(ISAS) — a unique academic body with its} Another strong possibility would be to 
own satellites, rockets and launch sites. 7 









_ Although the encouragement to ISAS | EONI | ‘metres in diameter, discolouring the sea in 
from the government is most welcome, J apan expands a plume more than 50 km long and 3km 
Professor Minoru Oda, its director- Tokyo wide — by far the biggest under-sea distur- 


general, is quick to point out that the pro-| JAPAN may soon havea little more territory | bance seen in recent times. Flights. by oe 
gramme has been deliberately worded in| — if not actual living space — in the Pacific | MSDF aircraft are now reportingthatmore 
the most ambiguous manner possible. No iwojima island chain, 1,100 km south of | thana dozen reefs have broken surfaceand ae 
definite plan has been approved, for there} Tokyo. A massive under-sea volcanicerup-| that rocks are being hurled into the air, 
4 is a great debate within ISAS over which! tion has been taking place some 150 km The area is close to the Marianas Trench 
‘direction to take next. north of Iwojima (26° 7 42" N » 141° 7'| and some 300 km from the scene ofa 1978 A 
Despite the apparent illogicality of| 30”E) since at least 8 March — when an eruption that lasted for three months. If a R 
having separate academic and commercial | aircraft of the Maritime Self-Defense | new island forms it will be Japan’sfifthin = 
space programmes, ISAS has so far proved | Force (MSDF) spotted the eruption — and | the past 100 years — although only two of 
to be a highly successful organization. In now appears ready to form a new volcanic | them remain. The most recent, Nishi No 
the past six years, scientific satellites for the island. Pee E Shima Shinto, was created in 1973-74 and. 
Study of the magnetosphere, X-ray Atfirst, grey and yellow waters wereseen | now has a total area of 200,000 square 
sources, solar flares and the middle pouring from a central spot some 20-70 | metres. Alun Anderso 
atmosphere have been launched at the rate a i L 
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-Iimensee inquiry 









PROFESSOR Karl Illmensee’s grant from 
the Swiss National Science Foundation, 
suspended last year when doubt was cast on 
experiments carried out at the University of 
Geneva, will not be reinstated. Notice to 
this effect was given to Professor Ilimensee 
in a letter from the foundation dated 14 
March. Illmensee said on the telephone 
earlier this week that he had not yet decided 
whether to appeal against the decision. “‘It 
might be easier to apply for a new grant.” 

The foundation’s decision stems from a 
meeting of the council of the foundation 
earlier this month. According to Dr P. 
Fricker, secretary of the foundation, the 
council was almost exclusively concerned 
with the report of the international com- 
mission on the Hlmensee affair, delivered 
to the University of Geneva at the end of 
last month (see Nature 23 February, Pp. 
673). Dr Fricker said that the council had 


<- considered the report with great care and 


that its eventual decision to terminate 
Professor Illmensee’s grant was taken 
unanimously. 

Although the commission’s report said 
that it had not uncovered ‘‘convincing evi- 
dence” of false claims in respect of a series 
of experiments in the early summer of 
1982, the commission also referred to 
‘‘srave doubts’’ about some of the work 
and to “negligent” laboratory practice. 
The foundation’s council seems to have 
taken the view that such comments out- 
weigh Illmensee’s formal exoneration. 

Ilimensee said earlier this week that 
the decision was unfair in that it would 
penalize members of his laboratory other 
than himself. He said, however, that he was 
now planning to follow the commission’s 
advice and to repeat the disputed experi- 
ments, involving the replacement of nuclei 
of mouse embryos by those of cells of a 
teratocarcinoma — ostentatiously un- 
differentiated cells. Himensee said that he 
would be negotiating with the University of 
Geneva for support for these experiments. 

The immediate practical problem seems 
to be to recover cells of the teratoma, now 
represented by several ampoules of frozen 
material. He said that it would take some 
months to obtain viable cultures and to 
demonstrate that their characteristics and 
karyotype had not changed. 

According to Himensee, confirmation of 
the disputed results should be possible by 
the end of the year. If the new experiments 
-should confirm those of 1982, Illmensee 
said, he would invite specialists from 
elsewhere to visit Geneva to inspect his 
protocols and verify his conclusions. 
adds from 
‘Health (NIH) are close to a decision on re- 
instating Illmensee’s research grant, which 
has been held up since May 1983 pending 
the outcome of the investigation by the 
University of Geneva commission. 








xed news on grants 


The grant, worth $74,000, was recom- 


mended by the NIH Cancer Advisory 
Board in January 1983 and was to have run 
from | June. It was suspended in May of 
that year, when NIH learned of a statement 
in which Illmensee appeared to acknow- 
ledge having falsified data. 

According to Mary Meyers of NIH’s 
office of extramural research, NIH are now 
studying the commission’s findings and 
will decide shortly on the fate of the sus- 
pended funds. 

Meanwhile, efforts by other researchers 
to repeat Illmensee’s experiments continue 
to prove unsuccessful. The committee set 
up last summer to investigate Illmensee’s 
work at the Jackson Laboratory in Bar 
Harbor, Maine, noted that Ilimensee’s 
collaborator there, Dr Peter Hoppe, had 
tried on his own but failed to reproduce the 
results he had obtained with Illmensee. 
These experiments involved removing 


Soviet Academy 





nuclei from fertilized mouse eggs to pro- 
duce single-parent mice and, in other 
experiments, transplanting nuclei from 
partially developed embryos into fertilized 
mouse eggs whose nuclei were removed. In 
all the experiments, Hoppe prepared the 
fertilized eggs and reimplanted the- 
embryos, while Illmensee performed the 
microsurgical removal and emplacement 
of the nuclei. 

Hoppe last week refused to comment on 
the subject, and would not say whether he 
is still attempting to repeat the experi- 
ments. The Jackson Laboratory com- 
mittee noted in its report that the ‘special 
combination of technical skills” of the 
Hoppe-Ilimensee collaboration could be 
difficult to duplicate. Hoppe told the 
committee last summer that he suspected a 
deteriorated reagent was to blame for his 
failures. Dorothea Bennett of Sloan- 
Kettering, who chaired the committee, said 
last week, however, that she was dubious of 
that explanation: she said biologists tend to 
blame ‘‘anything’’ when results cannot be 
duplicated. a 






Science to fuel materialism 


SOVIET social scientists — particularly the 
economists and sociologists — are failing 
to match the achievements of their col- 
leagues in the natural and technical 
sciences in meeting the demands of the 
“scientific and technical revolution’, 
according to Academician P.N. Fedoseev, 
one of the vice-presidents of the Academy 
of Sciences. Speaking at the annual 
meeting of the academy, Fedoseev echoed 
the ‘“‘sharp and well-deserved” criticism of 
the social sciences recently voiced by the 
Communist Party’s central committee. 
One major problem, for example, which 
Fedoseev emphasized ‘‘cannot be 
deferred’’, is the development of a method 
for calculating the ‘‘economic effect” of 
scientific and technological innovation, 
and for calculating the effect of economic 
and social factors on scientific and 
technical progress. These remarks, 
outwardly simply the application to the 
social sciences of Party directives on 
science in the service of the economy, may 
nevertheless herald a shift in policy. 
Delays in the implementation of research 
results in industrial and economic practice 
have bedevilled Soviet planning for years, 
and the much-publicized ‘‘economic 
effect” of successful innovations selected 
for medals and awards is calculated, for the 


most part, on the basis of factory and pro- 


duction-line gross accounting. 

Fedoseev’s emphasis on the need for a 
new “methodology” for such calculations 
suggests that a more sophisticated ap- 
proach to industrial applications may be on 
the way. One possibility is that it would 
take account, for example, of long-term 


savings due to the greater reliability of a 


new process, which do not necessarily 








become apparent during the first year of’ 
accounting. But the unfortunate economists 
and sociologists could also prove convenient 
scapegoats for both scientists and industrial 
managers, when the latter must explain why 
a new discovery is not yet giving results. 
In contrast with the social scientists, re- 
presentatives of the natural and technical 
sciences have been singled out for praise. 
Successes in the food programme range 
from the indigenous production of plant- 
protection chemicals to a project for the 
industrial production of protein from 
methane and methanol. In the energy 
programme, a team headed by 
Academician Anatolii P. Aleksandrov; 
president of the academy, has completed a 
detailed breakdown of the Soviet Union’s 
energy needs until the year 2000. Other 
achievements honoured include the 
synthesis by genetic engineering of inter- 
feron and human insulin, the radar 
mapping of the surface of Venus and 
progress of the Kola deep borehole. | 
But despite those successes, all 
disciplines seem to have been included in 
Fedoseev’s more general exhortation that 
scientists should give thought to raising 
the level of ideological work and to the 
education and upbringing of the younger 
generation. The role of science in educatinj 
young people in a Marxist materialist 





| outlook is a standard concept in Soviet 


educational theory, but explicit exhort- 
ations to the academy to pay greater 
attention to the role of science in forming a 
materialistic outlook and in combating 
anti-scientific concepts and prejudices 
strike a note that has not been heard in 
academy meetings for many years. 

a Vera Rich” 
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Spanish universities 


NEWS 


Tenured posts on offer 





The new university selection procedure is 
a direct consequence of the Law for Uni- 
versity Reform (see Nature 305, 756; 1983) 
under which there will be only one way into 
university teaching. The government 
intends that the number of professors 
under contract will be reduced until it 
represents no more than 20 per cent of the 
total teaching staff. In some universities, 
such professors now represent more than 
70 per cent of the teaching staff, even 
_ though they carry out the same functions as 
enured professors. Those now teaching 


oP under contract will be free to apply to 


become titular professors, and this 
procedure will also be open to Spanish 
scientists working abroad and to some 
holders of fellowships. 

As many as 8,000 people may be affected 
by the new law. Only 40-60 per cent of the 
applicants are expected to be successful; 
the rest of those now teaching in the uni- 
versities will have their contracts renewed 
until 1987, with no possibility of further 


Soviet earthquake 





servants. Some also fear that there will be 


| very few posts available in the universities 
for new people, although the government | 
‘has not gone as far as to accept the view that | 
all the present teaching staff should be 


given tenure. 

The situation in CSIC is quite different. 
The 56 new posts are not really new, but are 
vacancies created because people have 
retired or resigned. Nevertheless, in an 
institution where the average age of 


employees is 48, even such a small opening | 


is valuable. When the new presidential 
team of CSIC took office last year (see 
Nature 304, 202; 1983), it had been hoped 
that a larger number of new posts would be 
created. There is likely to be a large number 


of applicants, some of whom will also be : 


eligible for posts in the universities. 
Meanwhile, the Ministry of Education 
and Science is preparing a Law for Science, 
and no major science policy decisions are 
likely until that is approved. The draft now 
circulating suggests a new structure for the 
main research institutions which will include 
the replacement of CSIC by a new body 
called the Instituto Nacional de Inves- 
tigaciones Cientificas and the provision of 
more new posts. But even if the bill is 
eventually passed, its effects are unlikely to 
be felt for a year or two. 
Pedro Puigdoménech 


Early warning system works 


LAST week’s earthquake in the Bukhara 
oblast’ of Uzbekistan, which devastated 
apie gas town of Gazli, involved no loss of 
“life, although there were more than 100 in- 
juries. But pumping operations at the main 
gas compressor, which feeds two trans- 
continental gas lines, were interrupted fora 
. few hours. 

The Uzbek authorities are justifiably 
proud of their rapid recovery from the dis- 
aster, and other seismic early warning 
system which enabled them not only to 
alert the public but to plan relief operations 
in advance. Within a few hours of the 
earthquake, tents, clothing and food had 
been rushed into the striken area, and 
within 48 hours gas production from the 
Gazli field was back to normal. 

f- The earthquake of unusual severity — 
arely a single building in Gazli was left in- 
tact even though, since the Tashkent earth- 
quake of 1956, building regulations in 
Uzbekistan have required that all new 
buildings should be proof against shocks of 
8-9 points on the Soviet 12-point scale. 

During recent years several major 
research projects in the seismic areas of the 
Soviet Union have been aimed at methods 






of forecasting earthquakes. These include 
the detailed mapping of known or 
suspected seismic areas, using palaeo- 
seismic evidence in the areas where no 
historical records are available. Networks 
of seismic forecasting stations have been 
set up in vulnerable areas, and major 
engineering works are carefully monitored 
for seismic consequences. 

Uzbekistan’s early warning system relies 
in part on historical records for the region. 
Typically, a major earthquake is preceded 
by a number of weak tremors. In January 
this year, frequent though weak tremors 
were recorded in the Fergana valley by a 
special expedition rushed into the area and 
a major earthquake occurred on 18 
February. A 6-point tremor in western 
Turkmenia on 22 February was not 
considered to be related to the Uzbekistan 
shocks but, according to Dr Nikolaj 
Sheabin, head of the Strong Earthquakes 
Laboratory of the Institute of Terrestrial 
Physics of the Soviet Academy of Sciences, 
was linked instead with the Kumdag earth- 
quake of spring 1983 and even with the 
Krasnovodzk earthquake of 1895. 

Vera Rich 





Biological ethics 

Nakasone 

takes the lead 
okyo 


THE first international conference on life 


sciences and mankind ended in Tokyo onoo 
22 March with a set of conclusions to beo 





presented to the heads of the Western 


| industrial nations countries at the London 


summit in July. S 
The conference grew out of the proposal 


made by Japan’s Prime Minister, Yasuhiro i 
Nakasone, at last year’s Wiliamsbūrg 
summit that problems presented by the 
rapid advance of the life sciences shouldbe 
examined by an international committee. i 
Nineteen scientists, theologians ando- 
philosophers — among them Francois __ 


Gros (Collège de France), Sydney Brenner __ 


(director of the Laboratory of Molecular: a 
Biology, Cambridge), Benno Hess (vice 


president, Max-Planck Society) and Sir 
Stuart Hampshire (Wadham College, 


Oxford) — were chosen to represent the 


seven summit countries and invited to visit 
Japan. In opening the conference, Mr 
Nakasone spoke of the growing public 
concern over in vitro fertilization, artificial 
determination of the sex of embryos, 
euthanasia. . .and the treatment of those 
in a persistent vegetative state. The confer- 
ence did not, however, succeed in solving 
the problem on the spot. Indeed, given that 
only a week earlier Pope John Paul II, 
speaking at a conference on Gregor Mendel 
at the Vatican, had warned genetic 
engineers against the ‘“‘moral misuse” of 


| their abilities and reinforced Roman 


Catholic opposition to techniques that 
allow fetal abnormalities to be detected, it 
would have been hard for universally 
acceptable ethical principles to be spelled 
out. All the conference could do was to 
acknowledge that the “more the life 
sciences are applied, the more they would 


bear on ethics, customs, politics and law” = o 


and that ‘‘critical problems might arise in 


the future” but “no agreement on specific ae 


(ethical) norms could be attempted at 
present”. Emphasis was, however, given to 
the need for scientists to make their dis- 
coveries much more ‘understandable to. 
the public” and to encourage discussion 
through education and the media. dy 


Conference participants saw their main ee 
contribution in setting a precedent for a A 
group of independent scholars, not repre- 


senting their individual governments, to 
discuss major scientific issues and directly 
to advise heads of state. Deliberations are 
to continue next year, this time with the 
sponsorship of the French Government. 
The exact format has yet to be decided but 


it is hoped that attention will shift to 7 


specific problem areas and that repre- 
sentatives from outside the summit 
countries — particularly from the develop- 
ing countries — will be permitted to attenc 

Alun Anderso 












Argentinians 
regroup | 


Sir — With the coming of democracy in 


Argentina, Argentine research workers 
have organized their professional associa- 
tion with the aim of “building a science and 
technology engaged with the reality of the 
country and contributing to its effective in- 
dependence and sovereignty”. In the past, 
a similar society functioned for researchers 
of the CONICET (Consejo Nacional de 
Investigaciones Cientificas y Técnicas) but 
this was dissolved in 1974 and the members 
of the board of directors were prosecuted 
and dismissed from their jobs. 

The new association, Asociacion 
Argentina de Investigadores Cientificos y 
Tecnológicos (AADICYT), is open to 
researchers from all disciplines belonging 
to universities, institutes, public or private 
enterprises, CONICET, and so on, and 
its membership covers all categories of 
investigators, including new fellows. 

The president is Dr Enrique Segura, 
head of aneurobiology research laboratory 
of CONICET, and the two vice-presidents 
are Guillermo Dussel, a physicist at the 
National Commission of Atomic Energy, 
and Alberto Solari, professor of the 
Faculty of Medical Sciences. The secretary 
is Celina Lértora Mendoza, a philosopher, 
and the treasurer is Osvaldo Gosman, a 
mathematician and professor of the 
University of Belgrano. 

The first objectives of the society are 
directed towards reinstating scientists and 
professional people who have been 
dismissed for political or discriminative 
reasons, whether still in this country or 
abroad. Also, to appeal to all Argentine 
investigators who are settled permanently 
in other countries to collaborate in this 
effort for the recovery and development of 
science and technology in Argentina. 
Various forms of collaboration are 
suggested: to accept fellows from 
Argentina in their institutions; to give 
courses and counselling in Argentina; to 
engage foreign institutes in cooperative 
programmes with similar institutions from 
Argentina. AADICYT is also asking that 
the authorities in science and technology 
accept delegates from our association in 
committees dealing with the institutional 
organization of science, with the 
investigation of irregularities, with 
mechanisms for the democratic participa- 
tion of the researchers, and with a bylaw of 
rights and duties of research workers. 

The address of AADICYT is given 
below. Our representative in Europe is 
Mariano Levin, Institut de Pathologie 
Moleculaire, 24 rue du Faubourg Sr. 


Jacques, Paris XIV, France. Collabora- | 


tions and suggestions are welcome. 
CELINA LERTORA 
ENRIQUE SEGURA 
Asociación Argentina de Investigadores 
Cientificos y Tecnológicos, 
Solis 453, 1078 Buenos Aires, Argentina 


SiR — Self-congratulation is not the pre- 
rogative of artists. Scientists, especially | 


Indian scientists, are adept at praising 
themselves, albeit subtly. In Dr Balasubra- 
manian’s letter (Nature 307, 312; 1984) the 
statement that there are ‘‘pockets of brilli- 
ance” in India, as in any other country, 
conveniently ignores the embarrassing 


questions about who is to decide who is- 
brilliant and what constitutes brilliance 


and gives way to anthropocentricity. It is 
often forgotten that the greatest ‘pocket 
of brilliance” in recent times was not a re- 
search institute, but a Swiss patent office. 
Perhaps the greatest boon of this century iS 


. the fact that Albert Einstein was not born 


in India. 

The recent spate of news concerning 
Indian science and scientists (Nature 304, 
300; 1983: 4, 100, 307; 1984) tends to 
support Dr Malviya’s contention (Nature 
306, 10; 1983) rather than Dr Balasubrama- 
nian’s perspective of science in India. Ona 
recent visit to Indian universities and 
research institutes, I was appalled at the 
lopsided funding and facilities present 
there. Glamour in science rather than 
research relevant to India’s needs guides 
the over-funded institutes. As a scientist Dr 
Balasubramanian should realize that com- 
parisons of brilliance can be made only 
when all other variables are constant. 

Dr Balasubramanian continues his self- 
congratulation in the form of lists (reitera- 
tion of what every Indian scientist has been 
echoing) of accomplishments of Indian 
scientists. | would not go to the extent of 
suggesting what some foreign based Indian 
scientists have been saying: these accom- 
plishments have been made, not because 
of, but in spite of Indian scientists. Instead 
of listing the numerous accomplishments, 
Dr Balasubramanian should have asked 
“Is this all we have done in the nearly four 
decades of India’s independence?”’. 

I do not agree with everything that Dr 
Malviya says about Indian science and 
scientists. Leaving aside the competence of 
the people who control scientific circles in 
India, which Dr Malviya questions, I 


would like to point out that they, | 


at least, have long enjoyed social 
position and freedom from criticism. Dr 
Balasubramanian’s appeal to stop self- 
flagellation is nothing but a plea to 
maintain the status quo in Indian science. 
Science, of all human activities, requires 
criticism to make us aware of anthro- 
pocentric prejudice. I therefore applaud Dr 
Malviya’s attempt at criticism of Indian 
science and would like to suggest that 


science governing bodies in India establish | 


an institute and a journal devoted to con- 


structive criticism, where not only scien- | 


tists but also intelligent taxpayers can 
debate. 


Incidentally, Dr Balasubramanian, | 


pointing out that the issue that carries Dr 


Malviya’s letter also carries an article by | 





properly tapped. 





indian scientists working in India, neglects 
to mention that the authors of that paper.: 
thank another Indian abroad ‘“‘for t 
many gifts that made this study possible’”: 
MANOJ MOJAMDAR 
Department of Dermatology, 
Kobe University School of Medicine, 
Kobe, Japan 650 


Sir — The merit of India’s science has been 
the subject of heated discussion in your 
correspondence columns. It is a healthy 
sign that such issues are raised now. A few 
years ago this would not have happened. 
Something good will eventually come of 
the polemics and accusations. The focus 
must, however, be on self-realization, an 
agonizing reappraisal at that and not indul- 
gence in whipping by ‘“‘prodigals’’ (Dr 
Malviya) or self-aggrandizement by the 
‘“natives’? (Dr Balasubramanian): the 
present ‘‘natives’’ were once ‘“‘nrodigals”’ 
themselves. 

As for the hostility of the natives toward 
the prodigals, I can confirm from my Ow. 
experience. A few years ago, when I visitea 
India for a family reunion, | offered to give 
a couple of seminars in two important 
institutions in Madras and Bangalore. The 
chairman of the chemistry department at 
one of them replied that in view of their 
hectic institutional activities, he was 
“unable” to “host? my seminar. He 
probably thought it was a favour to me and 
that I might ask for a job in his department! 
I subsequently gave a seminar in another 
department in the same institution without 
ever meeting the chemistry department 
chairman. 

There is also general apathy among 
higher-ups towards their “subordinates”. 
There seem to be no peers among scientists 
in India — just power brokers and the rest. . 
A few years ago, a prominent India Š 
expatriate visited India. One of the top 
science bureaucrats made arrangements to 
invite him to his office through a back door 
on the pretext that a lot of others for whom 
he had no time were waiting to see him at 
the front door. A lot has to change in the 
Indian science scene. 

Nevertheless, Indian science has made 
significant progress in the past 35 years. I 
see good work coming out of the National 
Chemical Laboratory in Poona in the field 
of biotechnology, for instance. However, 
the achievement is minuscule compared 
with the potential. The myth of India being 
the third “superpower” in science whe: 
one considers the number of scientists and 
technicians has to be denied. As your 
correspondent, Vera Rich, observed ina. 
recent report in Nature, the scientific force _ 
in India is not as awesome as itis made out 
to be when one considers the quality. But 
India has the potential. It has to be 





Before the Indian government plunges 
into any bold venture, such as a “science 





India’s hon efront 
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: city”, it would be well advised to assemble 


an international commission composed of 


20 members to be drawn equally from the 


four following groups: (1) science leaders 


. in India, (2) prominent Indian expatriate 














_ 47 Conduit Road, 
. Bedford MK40 1EQ, UK 








Scientists in the United States, (3) leaders of 
‘scientific establishments in Europe, and (4) 
Science educators and researchers in the 
United States. The task should be to make 
Proposals which will improve science 
education in Indian universities, enhance 


the research environment inthe universities. | 


and institutes, and develop support 
facilities such as manufacturing and 
servicing state-of-the-art instrumentation. 
I am sure that scientists from the United 
States and Europe would be glad to 
participate in a summer ‘‘sabbatical’’ of 
this type in the interest of world science. 

S. SUBRAMANIAN 
Miles Laboratories Inc., 
Elkhart, Indiana 46515, USA 


Sir — Although we feel that there is 
nothing wrong in India’s plans to build a 
technology city (Nature 305, 350; 1983) 
similar to the Tsukuba science city in 


@ Japan, we believe that this would not solve 
the main problem — India should stop 


deliberately encouraging its experts to 
leave the country. We agree. with the 
suggestion (Nature 306, 310; 1983) that in 
order to encourage intellectuals to remain 
in India, money must be spent on 
improving the existing facilities for 
research. In addition, we suggest that India 
should make further provisions to send its 
young and talented scientific staff abroad 
for advanced training, and provide them 
with suitable facilities on their return. We 
understand that many scientists who go 
abroad are forced to resign their positions 
at home because of stringent governmental 
policies. When better conditions for 
research are available to the many intel- 
lectuals who remain in the country, India 


fean stop recalling experts from abroad. 


P. BALAKRISHNA MURTHY 

Research Institute for Nuclear 
Medicine and Biology, 

Hiroshima University, 

RAMSUNDAR RAM KANAUJIA 
Department of Orthopaedic Surgery, 
School of Medicine, 
Hiroshima University, 
1-2-3 Kasumi-cho, Hiroshima 734, Japan 


i * * 

Submarines risky? 

SIR — The proposal to restrict nuclear 
arsenals to the seas where they can carry 
out their stated function of deterrence 
{Nature 23 February, p.680) has much to 
commend it, but certainly needs additions 
to cover antisubmarine warfare. Research 
in this field would have to be prohibited 
and those systems already established be 
dismantled, as they threaten to destroy the 


very invulnerability of submarines on 


which the whole proposal is based. 
ROBERT WALL 





~CORRESPONDENCE— 
PWR in haste 


Sik — In his article, ‘‘Next reactor still not 
decided” (Nature 26 J anuary, p.307), your 
correspondent states that the Central 
Electricity Generating Board plans to build 
a pressurized water reactor (PWR) at 
Sizewell in “ʻa record 19 months”. 

Would that such miracles could happen. 


Clearly his figure is a misquote for the 90 | 


months from laying main foundations 
that CEGB is estimating for investment 
appraisal purposes for the construction of 
Sizewell B, 

However, this still would not bea record. 
Our Magnox nuclear stations were in 
commercial operation in a shorter period, 
and some US PWRs and may French ones 
have been built in less than 90 months. 
Indeed, CEGB also has set itself a construc- 
tion target of less than 90 months. 

The article concludes witha misleadingly 
pessimistic picture of developments in the 
project. General inflation has, of course, 
resulted in costs rising in market price 
terms, But, so far, there has been no 
increase in our total-estimate of the cost of 
Sizewell B in real terms (that is, at March 
1982 price levels). 

Although the length of the public inquiry 
means that we cannot place main founda- 
tions in line with the original timetable, this 
does not affect the 90-month construction 
period. It does, however, mean that the 
electricity consumer will have to wait 
longer for the economic benefits CEGB 
believes that Sizewell B, if approved, 
would bring. 

P. E. WATTS 
Economic Adviser, 
Sizewell ‘B’ Public Inquiry 
Central Electricity Generating Board, 
PO Box 333, The Maltings, 
Snape, Suffolk IP17 ISP, UK 


Not so simple 


Sik — In your issue of 1 December (Nature 
306, 418; 1983) you reproduced a year-by- 
year plot of Norwegian tobacco consump- 
tion for 1950-1980, presumably intended 
to support the argument that a ban on 
cigarette advertising can be effective in 
limiting the growth of consumption. The 
graph seems to be open to question on two 
grounds. One is that the rising trend 
changes to a decline before the year (1 975) 
when the act banning cigarette advertising 
came into force. The other is the implica- 
tion that the almost linear increase in 
consumption between 1950 and 1970 was 
caused by advertising. It would be prudent 
here to investigate the role of obvious 
economic variables such as prices and 
incomes. I have no data on tobacco prices 
in Norway, but a rough replotting of per 
capita tobacco consumption against per 
capita income at constant prices shows that 
the ratio between them had been declining 
since 1950, and against this background the 
further decline since 1970 looks much less 
striking. Such questions should be investi- 








gated by standard econometric techniques: 
before policy conclusions are drawn from 
prima facie correlations. The case fot dis- 
couraging tobacco consumption on health oan 
grounds can only be weakened. ee 
unistic use of incomple 


Evaluation and P. 
London School of H pS: 

Tropical Medicine, ee 
Gower St, London WC], UK 


Paid referees 


SIR — A recent letter (Nature 2 February, 


p.408) drew attention to page charges in 


journals and suggested a possible credit 
system for referees. However, accordingto 
an advertising circular recently received by: 
me, at least one new journal (Engineering 


Computations) is adopting a “rigorous, 


remunerated reviewing policy”; Apparent- 
ly, this is in the hope that. payment to 


referees will minimize the time taken to 


review the manuscript, thus ensuring rapid 
publication. I feel that this isa false premise 
on two counts. First, an examination of the 
received, revised and publication dates of 
many papers reveals that the delay between 
acceptance of a manuscript and publica- 
tion is often longer than the time between 

submission and acceptance, which includes _ 
the time taken by the author to revise the 


manuscript. Second, journals, including 


Nature, achieve rapid publication without 
resort to payment of referees. 

The adoption of remunerated reviewing 
policy by any journal can only be a retro- 


grade step which may be interpreted byo ose 
some people as further evidence of scien- 
tific integrity being sacrificed by financial 
gain. Also, it can only further increase the o 
financial load imposed on individual scien- 
tists and libraries. Let us hope that the day — e 
never comes when a person can state hisor = 
her occupation as ‘‘professional journal 


referee”! 


Department of Applied Mathematics. re 


and Theoretical Physics, | ; 
University of Cambridge, E ag 
Silver Street, Cambridge CB3 9EW, UK a 


Laughing matter 





Sik — I am compiling an anthology, e ke 


“Science with a Smile”, and- should 
welcome contributions of humour in t 
sciences: physics, chemistry, astronom 
mathematics, earth sciences, life sciences, _ 
and computer science — historic and con- | 
temporary. Appropriate would be anec- 
dotes, biographical notes, cartoons, 
parodies, verse, examples of self -deception 
and hoaxes. I especially seek pieces which, 
while humorous, also have value in the. 
history of science, providing insight into. 
changing attitudes and personalities. - 
ROBERT L. WEBE 
104 Davey Laboratory, E 
University Park, 
Pennsylvania 16802, USA 




















The creationist challenge to science 


Thomas H. Jukes* 


The creationists want equal time for nonsense, and also want to eliminate current methods of teaching 


evolution and other sciences. 


A CONTEST is in progress between 
creationists and supporters of science. It 
involves the teaching of biology, the 
funding of education, and the content of 
school science textbooks. It is not a polite 
discussion of differences in philosophy’, 
and creationists are not. merely desirous 
of “equal time’’ for. their ideas in the 
classroom. They regard evolution as being 
inimical to their concepts of public 
education’, and they perceive evolution as 
being diabolical’. Creationists seek debates 
to challenge evidence for evolution, but 
they refuse to discuss the religious nature 
of “scientific” creationism*’. Marsden! 
overlooks or omits the real nature of the 
creationist attack on science, and instead 
he has coined the term ‘‘anti-supernatural- 
istic mythology” to describe evolutionary 
science. He thus distorts the scientific 
principle, which is objectively searching 
for explanations of observations made in 
the laboratory or perceived in nature, 


without resorting to hypotheses based on 


magic or myth. 


The Great Flood 


The largest creationist organization in the 
United States, the Institute for Creation 
Research (ICR) in San Diego, is headed by 
a hydraulic engineer, Henry Morris, PhD, 
who, as befits his background, is fond of 
making up theories about the Great Flood. 
He is treated sympathetically by Marsden’. 
- However, Morris professes that the Great 
Flood ‘‘presents a new and powerful 
system for unifying and correlating scien- 
tific data bearing on the Earth’s early 
history’. He also suggests that fauna 
under Noah’s care were kept in torpor by 
‘‘divinely-ordered genetic mutations 
experienced by the individuals selected for 
preservation in the Ark, equipping them 
with the capacities for migration and hiber- 
- nation’’’. Inconsistently, elsewhere he says 


a . - that all mutations are deleterious and 
- therefore evolution cannot happen®. He 


also states that evolution is made 
impossible by the second law of thermo- 
dynamics, which will be repealed when the 


*Department of Biophysics and Medical Physics, University of 
California, Berkeley, California 94720, USA. 





time is ripe, following which the Earth’s 
needs for water will be fully satisfied by the 
“‘pure river of water of life’’, another touch 
of hydraulic engineering. Morris 
denounces evolution intemperately: ‘“The 
so-called geologic ages are essentially 
synonymous with the evolutionary theory 
of origins. The latter is the anti-God 
conspiracy of Satan himself’’*. He invents 
theories of cosmology: one of them states 
that the stars may be involved in heavenly 
warfare, including particularly the planets 
and asteroids ‘‘in view of the heavy concen- 
tration of angels both good and bad 
around the planet Earth’’ and that these 
angels ‘‘can in many cases cause or prevent 
physical catastrophes on Earth and in the 
heavens’’’. 

The catalogue of ICR" says that all 
genuine facts of science support the Bible, 
and that ‘‘scientific creationism should 
be taught along with the scientific aspects 
of evolutionism in tax-supported insti- 
tutions” (p.12), that “each of the major 
kinds of plants and animals was created 
functionally complete from the beginning 
and did not evolve from some other kind of 
organism”? (p.13), that “all things in the 
Universe were created and made by God in 
the six literal days of the creation week” 
(p.14), that all other men and women are 
descended from Adam and Eve, that 
unbelievers ‘‘must ultimately be consigned 
to the everlasting fire prepared for the devil 
and his angels’. s 

Second in command of ICR is Duane 
Gish, PhD, University of California, 
Berkeley, 1952. His activities as Morris’s 


protagonist have been likened to Thomas 
H. Huxley’s role as ‘““Darwin’s bulldog’. It | 
is over-imaginative to compare Morris to | 
Darwin, but, nevertheless, Gish peripatetic 
and tireless, glib and unabashed, has ele- 


vated himself into prominence by inces- 
santly reciting a rehearsed attack on evo- 
lution. In so doing, he poses as an authority 
in several fields, but says!! that ‘'the 


Creator used processes that are not now | 
operating anywhere in the natural Uni- | 
verse”, When confronted with scientific | 
objections to supernatural scenarios, Gish | 
says that his religion is being attacked (see. 
below). Gish asserts that ‘‘scientific crea- | 





overflow audience. His address consiste 





tionism’’ is indeed science, but Judge 
Overton’ noted that Gish also said: 
Creationists have repeatedly stated that 
neither creation nor evolution is a scientific 
theory (and each is equally religious). 

Gish, a biochemist, sees a biochemical 
proof of creation in the defence mechanism 
of the bombardier beetle, Brachinus sp. He «... 
says!2 that the beetle ‘“‘mixes up two kindS-igye 
of chemicals, hydrogen peroxide and — 
hydroquinone, . . .Now the marvellous 
thing about this — if you or I went to a 
chemistry laboratory and mixed up these 
two chemicals — BOOM! we would blow 
ourselves up.”’ Gish then discourses on the 
beetle’s need for an inhibitor and anti- 
inhibitor to control and time the explosion. 
These, says Gish, are components of a 
system that is too complex to have evolved, 
because the ingredients thereof would have 
destroyed the beetle before the complete 
apparatus had evolved. Emboldened by 
this mental victory, Gish invents 30-foot- 
long dinosaurs that had ‘‘a similar kind of 
chemical apparatus, or perhaps something 
even more fearsome’’ in the “‘strange, 
hollow, bony structures on the top of their. 
heads, connected by tubes to the: s 
nostrils”, as in the case of the Parasauro- 
lophus. These, he says, were the fire- 
breathing leviathans described in Job 
41:19-21. 

Unfortunately, when hydrogen peroxide 
is poured on hydroquinone, the mixture 
slowly and quietly turns brown. Although 
he knows this'?, Gish continues to recite 
before audiences the fable of the chemicals 
that go “BOOM!” Sale of his book! 
uncorrected, continues. 

On 9 April, 1982, Gish spoke on 
“Creation versus Evolution” at the Uni- 
versity of California, Berkeley before an 





mainly of attacks on evolution. During the 
question period, Steve Obrebski, PhD; 
a marine biologist noted that Gish had — 
neglected to mention that there are series of 
fossils that show linear transitions, and 
that Gish had not pointed out that the 
punctuation-equilibrium theorists have 
been criticizing neo-Darwinian theory 
rather than challenging evolution. 


Obrebski then said (my transcription from _ 
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Gish’s appearance at Berkeley): 


I find it very disturbing that someone 
such as you would get up and make such 
Statements in such a partial way and not really 
indicate to the audience that we are doing — 
those of us that are scientists or evolutionary 
biologists — precisely what science requires, 
and that is arguing contending hypotheses, 
presenting data and observations and analyses 
on contending hypotheses, and attempting to 
approximate the truth about laws of nature. 
Now ... the director of your institute has 
claimed that there are concentrations of good 
and bad angels around the Earth, that UFOs 
are manifestations of the Devil or the dark 
forces, that our inanimate souls can travel 
faster than light, that although stars can’t 
affect us, the evil spirits associated with them 
can, and that the scars on Mars and the Moon, 
the. asteroids and the rings of Saturn and 
meteor showers are a reflection of some big 
turf battle between Satan and Michael and the 
angels. And you have said yourself that there 
was no problem of incest among the progeny 
of Adam and Eve because God made them 
genetically perfect. Now I ask yousir. . . what 
are the facts? How would you disprove them? 
Where do you get the material evidence for 
those facts, and how can you claim to be doing 
i science when you make such wild and tentative 
““assertions and then come in here and mix both 
sciences and mix up what the evidence is and 
claim that you are doing creationist science? 


This was followed by prolonged applause 
in the form of a standing ovation. 

Gish’s response was, first, to make a 
diversion, alleging that someone else wrote 
the booklet, ‘‘Have You Been Brain- 
washed” (Fig.1), published under his 
authorship'*, and then to say: 

I have not gone into this matter of religion. I 
have stuck strictly to science here tonight. It is 
always the evolutionists who want to bring in 
the matter of religion. This man has been ridi- 
culing the Christian faith. 

The connection between the Christian 
faith and the fantasies of Henry Morris 
is dubious, and, of course, it is the crea- 

ionists who bring in the matter of religion: 
“Gish in his booklet'*, threatens his recal- 
citrant readers with terrible judgment and 
says, ‘‘T urge you to make your peace with 
God today’’. 


Noah’s Ark 

Biology at ICR is headed by Professor 
Gary Parker, who has a doctorate in 
education from Ball State University. His 
specialties include the ecology of Noah’s 
Ark, and the identification of fossil 
footprints. On the first topic, he has 
published Dry Bones'‘, described in ref.10 
as having ‘‘strong evangelical emphasis, 
including the Fall, Curse, Flood, and 
| promise of a new Earth. 

\ The book describes the presence of a 
full complement of fauna, including 
dinosaurs, on Noah’s Ark, which was ‘“‘so 
big it could hold over 500 railroad boxcars 
full‘of animals with space left over’’. The 
precise number of boxcars is given at 522 
by Whitcomb and Morris®. According to 
Professor K. Padian (personal communi- 
cation), there were 300 genera of 
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Fig. 1 Cover of booklet by D. Gish!4 showing disappearance of beard durite human evolution. 


dinosaurs, the species of most of which 
varied ‘‘from a small elephant to the weight 
of 30 or 40 elephants in size’’. Many were 
larger than boxcars. They ate a lot of food, 
which Noah must have had to provide. 

Dry Bones aroused the ire of many 
parents when it and other creationist tracts 
were purchased with public funds and 
used in teaching science in a public school 
in Livermore, California. Dry Bones 
concludes with the following statement: 
And we hope that you, too, will try to see 
God’s world through God’s eyes. The heavens 
declare his glory; the fossils show the power of 
His judgment. 

Parker emphasizes simultaneous life of 
human beings and dinosaurs as evidenced 
by fossilized human footprints super- 
imposed on dinosaur tracks. He has 
synthesized a fake exhibit to substantiate 
this falsehood (Fig.2), and he sends 
graduate students on ‘‘field research” for 
**measurements and analysis of human and 
dinosaur footprints formed contempor- 
aneously’’!0, 

Investigations by Professor Laurie 
Godfrey show clearly that these so-called 
human footprints are not authentic (a 
video cassette is available from L. Godfrey, 
Department of Anthropology, University 
of Massachusetts). Indeed, some of them 
are so oversized that the creationists have 
to fabricate mythical giants to fit them. 


Harassment 


A collegial relationship exists between ICR 
and the neighouring enclave, the Creation- 
Science Research Center (CSRC). ICR is 
largely devoted to training future teachers 
who will deploy into schools in order to 
overthrow instruction in evolution. CSRC 
has a more urgent task, that of harassing 
the incumbents of the educational system. 
By this means, CSRC, in the words of its 
leader, Nell Segraves, hopes to acquire ‘‘50 
per cent of the tax dollar used for education 
to our point of view’’!®.. 

Currently, CSRC is led by Mr Kelly 
Segraves, who wishes to ban a textbook, 
Biology, by Helena Curtis, from the public 
schools of San Diego. He requests the State 
of California to cut off ‘‘all state monies to 


the District of San Diego until this book is | 


removed and the district once again 


complies with the constitutional and legal 
restraints they have so flagrantly violated 


by the adoption, purchase and use of this = __ 


book’’, which he designates as an offensive 
and an “illegal” book. The text!® was. 
reviewed by 37 scientists and she had eight 


well-known scientific consultants. In the 


introduction, she stated, “I feel partic. 
ularly privileged to be writing for young 
people. I like their curiosity, their energies, 
their imaginativeness and their dislike of 
the pompous and the pedantic’’. Not sur- 
prisingly, the book contains information 
on evolution. Segraves claims that this 
violates the decision of March 1981, in the 
trial in Sacramento!®, in which Judge 
Perluss directed that the California State 
Board of Education re-circulate an earlier 
statement ‘‘that dogmatism be changed to 
conditional statements where speculation 
is offered for explanations for origins’’. 
But Judge Perluss also stated in his 
decision: 

There is no contention here that evolution 
should not be taught in the public schools. 

that battle was fought and resolved by the 
Supreme Court of the United States, 

Instead of confronting Segraves with 
this statement, the educational authorities 
in California have decorously fenced with 
him on questions of procedure, such as 
referring him back to the local school 
board. He has grown increasingly strident, 
and has threatened to file civil rights action: 


for ‘‘withholding of all federal monies to - 
the State of California” if this book isnot 

Perhaps, however, his 
main interest is in selling his own books. ue 


‘‘eliminated’’!’, 


One of these includes his own version o 
how the two kangaroos on the Ark found 


their way from Armenia across ‘‘the ruined ai z 
Earth’s surface” to Australia’, Such. © 


inventions would replace current infor- 
mation in school science classes if the 
Segraves family is successful. 

Segraves, in November 1981, announced 


the programme of the Creation Creed > 


Committee, organized by Reverend Robert . 
Grant and himself. It announced that it 


would ‘‘review science textbooks and send = 


hundreds of monitors into classrooms in 
many of California’s 1,000 school districts 


to determine whether science teachers are ~ 


violating the rights of Christian pupils in l ee 


















public schools’’. The committee said it 
would run advertisements over Christian 
television stations and many radio stations 
throughout California, inviting concerned 
parents and others to alert the group to 
teachers and books they suspect may be 
violating the state policy. The committee 
advises supporters to remind school boards 
that failure to comply with their demands 
would lead to pressure for the withholding 
of county and state funds, and ‘‘the loss of 
teaching credentials for individual 
offenders”. The committee is preparing 
education kits and a film for those who will 
be monitoring schools ‘‘so that parents of 
children can more intelligently evaluate 
what children are being taught’’. Segraves 
said that the committee will utilize 
resources of the 40,000 ministers and the 
328,000 members of Christian Voice to 
conduct a nationwide campaign against 
exclusion of creationism from the 
classroom”, 


Censorship 


Censorship of school science textbooks has 
been successfully practiced by creationists 


Fig.2 Human being 
confronts dinosaur. 
Professor Gary Parker 
confronts camera. From 
ref.10. 


for more than 50 years?! , Currently?! many 
publishers are collaborating with alacrity 
and much of the censorship is practiced in 
Texas, which is the second largest textbook 
purchaser in the nation. The effect is 
nationwide, because publishers cannot 
afford to maintain two separate editions. A 
publishing executive is quoted as saying” 
“You're not going to find the word 
‘evolution’ in the new textbook Exper- 
iences in Biology. The reason for self- 
censorship is to avoid ... controversy. 
We'd like to sell thousands of copies’’. 

In Texas, until 1983, only those who 
objected to books could file complaints, 
and testify before the textbook committee. 
Those who wanted to defend a book or its 
ideas were excluded from the process. 
Censorship has become ‘‘big business’, 
led by the Gablers of Longview, Texas, 
with a full-time staff of Educational 
Research Analysts*?*4. Recently, 28 of 49 
textbooks attacked by the Gablers were 
rejected by Texas. They commented’ 
“While the word ‘evolution’ was removed, 
the content is as evolutionarily dogmatic as 
ever and will serve to indoctrinate students 
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away from true scientific facts”. 


The Texas textbook proclamation, 
published by the Texas State Board of Edu- 
cation, contains the following paragraphs 
adopted May 1983. 

Textbooks that treat the theory of evolutio 
shall identify it as only one of several explan = 
ations of the origins of humankind and avoid 
limiting young people in their search for 
meanings of their human existence. 

Each textbook must carry a statement on an 
introductory page that any material on evo- 
lution included in the book is clearly presented 
as theory rather than fact. 

The presentation of the theory of evolution 
shall be done in a manner which is not detri- 
mental to other theories of origin. 

Surfeited with money from oil, the Uni- 
versity of Texas is now proclaiming a 
laudable intention to expand greatly its 
commitment to science by erecting huge 
new buildings and luring famous 
professors to Austin’®. Of greater value 
would be a successful effort to combat the 
censorship of science textbooks, in which 
Texas leads and dominates the United 
States. Can the Longhorns meet this 
challenge? 








Correction 


In my commentary ‘‘Just how objective is 
science?” (Nature 306, 727-730; 1983) I 
included Donald Goldsmith among 
astronomers who attempted to explain 
away Adriaan van Maanen’s reported 
measurement of internal motions in spiral 
nebulae as an instrumental error. Dr Gold- 
smith informs me that my slipshod reading 
of his article turned his statement about a 
systematic error into my misinterpretation 
and subsequent gratuitous criticism of his 
article. I apologize to Dr Goldsmith and to 
readers of Nature for any error I 
committed in reading and reporting upon 
his article; I am happy to report that Dr 
Goldsmith believes that by far the most... 
likely explanation of van Maanen’s results\, 
is that he let his preconceptions affect his 
analysis. 

Another reader has questioned why my 
article contained no citations of van 
Maanen’s work. To save space, in the in- 
stances of all three twentieth century cases 
(rotation of spiral nebulae, general solar 
magnetic field and gravitational redshift) 
and, indeed, in the earlier cases as weil, I 
cited only the historical studies and not the 
scientists’ work. I regret any inconvenience 
this may cause readers, who consequently 
must first look up the historical paper cited 
to find the citations to the original scientific 
papers. : 

The reference given for Hale’s graph ofa 
solar magnetic field is actually that for van 
Maanen’s paper on the rotation of M101; 
the correct reference for the Hale paper is 
Astrophys, J. 38, 27-98 (1913). The 
idiosyncratic features of Harriot’s drawing 
of the Moon are better displayed in the 
article in J. Hist. Astr. 9, 117-122 (1978). 

NORRISS 5. HETHERINGTON 
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® Selection of software packages for image enhancement 
© Advanced hardware for fast image analysis 


© Noise reduction to clean up image 
@ TV or slow scan input acceptability 


Nee , 
. ¿Micro Consultants’ Intellect 100 is a compact, programmable system 


“for developing high level image processing functions to suit a wide 
range of applications. It accepts normal TV camera and slow scan 
inputs. A choice of computers and. disc storage peripherals is 
available, together with powerful FORTRAN and PASCAL handlers 
and a range of application-specific options such as: 


The RTA (Real Time Analyser) hardware option which provides 
powerful grey level and binary image processing, fast image analysis 
and noise reduction to clean up the image; and the KIAS (Keypad 
image Analysis System) software option which provides easily 
usable, full menu driven particle analysis software for use by 
Production engineers, quality monitoring staff, and R & D staff in 
production inspection, as well as by general research personnel. 
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to locate functional patterns 


“As we learn more about the regulatory nature of the various genetic 
functional domains, and more about what...is recognized within those 
domains by cellular hardware, our comparative sequence and pattern 
identification algorithms will have to be generalized... 


— Sadler, Waterman, and Smith, NAR, April 11, 1983 


Biological recognition searches 
Regulatory sequences in DNA are in- 
herently both redundant and complex. 
Consequently, a software tool that 
locates functional patterns must pos- 
sess great flexibility, IntelliGenetics, 
‘the Palo Alto-based scientific software 
firm has developed this tool. 

QUEST searches for biologically 
important consensus sequences, with 
any degree of specificity or redundancy. 
QUEST recognizes redundant patterns, 
and patterns of patterns. For example, 
comments in the NIH sequence library 


can be searched for the pattern “hor- 


mone” to generate a file containing 
hormone encoding sequences. This 
file can then be searched for three 
elements defining a gene: start, open 
reading frame, stop. 


LORE DRYAS | oome i 


le GNER kagi enzyh 2 Audet 


Ewa Sa pea i i 
i DGE 


| ONER : region im 258-1278 


i DONE: 


| CLONER : region omp 3794-4154 


| CUER deploy periti 


i 
Sie 
| 


5 DORE f 


er ten econ oe Be 


i Auraguritiin 
$ 


$ ; 
Sapam fiir 


The bit-map display aie high- “resolution maps and 


multiple windows. aah at 


| Artificial intelligence based 
graphics program — 

Anew program currently being de- 
ʻi veloped is a computer aided design 
tool called CLONER. With this pro- 
gram, the molecular biologist will plan 
and create new molecules by recom- 
bining DNA segments such as vectors, 
genes, promoters, 
segments. 





and enhancer- 


CLONER will also: 

è store and retrieve maps of vectors 
and genes whether or not their nucleo- 
tide sequences are known 

ə carry genetic and functional infor- 
mation about regions of the maps 

e manipulate map segments identified 
by restriction site names, by coordi- 
nates or by region information 

® generate new maps when a vector Is 
modified including all of the region 
information, restriction sites, gene 
locations and polarities 

e determine whether regions with 
genetic function have been modified 
by electronic recombinations 

® prepare copy-ready formal maps for 
reports, proposals or publication 


The role of the desktop mini- 

computer in genetic engineering 
Computers allow molecular 
biologists to gain new in- 
sights from their data. 
IntelliGenetics users are 
more productive scientifi- 
cally because their com- 
puter tools eliminate many 
time-consuming tasks such 
as those associated with 


Se shotgun sequencing proj- 


ects and restriction enzyme 
fragment mapping. 
Microcomputers are use- 
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Combinations of keys enable QUEST to isolate 
complex patterns. 


simple, unambiguous sequence searches. 
However, complex pattern searches re- 
quire the power of a 32-bit computer. 
All of IntelliGenetics genetic engineer- 
ing tools, plus databases are contained 
in a 32-bit UNIX computer: the BION 
Workstation. BION has been developed 5. 
by IntelliGenetics to bring computer? 
aided design to molecular biologists. 






Dedicated to complete support 
IntelliGenetics is dedicated to improv- 
ing the quality of science pursued by 
members of the molecular biology 
community. More than 400 molecular 
biologists are now using IntelliGenetics 
products in their recombinant DNA 
research. They have the tools needed 
to make significant scientific contri- 
butions due to IntelliGenetics’ ongoing 
development efforts and staff of mo- 
lecular biologist computer consultants. 
Write for our literature. Let us show. 


eae oe 


you how we can help your researc] 
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“Three dimensions for two 


Cellular automata make it possible to produce some special solutions of the Ising-lattice proble 
in three dimensions. Will the hunt for general solutions now begin again? | 





THE title ‘‘Exact results for two and three- 
dimensional Ising and Potts models” will 
excite only a small community of physic- 
ists, but for them it will be eye-catching in 
the highest degree. For is this not the solu- 
tion to a problem on which a host of people 
have broken their heads in the past forty 
years? That, certainly, is how it seems — 
but the title is a little misleading, almost like 
the headlines with which popular news- 
papers try to capture readers when the flow 
of news is slack. And if the title, that of a 
paper by Eytan Domany from the Weiz- 
mann Institute in Rehovot, Israel, but 
_ writing from Stanford University (Phys. 
Rev. Lett. 52, 871; 12 March 1984), had 





= more properly read “Some exact 


results. . .”’, whoever would have been sit- 
ting on the edge of his chair? 

But even if the text of Domany’s paper is 
something of a letdown, it is an interesting 
and potentially important development in 
the solution of what is probably best 
known as the Onsager problem. The prob- 
lem was first made interesting (in the sense 
of being made tractable) by Lars Onsager 
in the 1940s. The Ising lattice, so called 
since the 1920s, is the simplest model there 
could be of a ferromagnetic material as well 
as of many other kinds of systems capable 
of order-disorder transitions. 

The problem is to calculate the thermo- 
dynamic properties of a lattice in which 
each vertex is occupied by a physical 
variable which can have one of only two 
“values, say -1 and +1, and suppose that 
only interactions between nearest neigh- 
bours in the lattice are significant. The 
energy of interaction between two 
neighbouring sites will depend only on the 
values assumed by the two sites. If the 
variables represent electron spins, the 
model may describe a ferromagnetic 
material. If they represent electric dipoles, 
the lattice will stand for a ferroelectric 
material (which is, of course, an ordinary 
dielectric above some critical temperature). 
If the physical variable represents one or 
other of two different kinds of atoms, the 

‘system likens that of binary alloys such as 
T f-brass whose mechanical properties de- 
end critically on whether there is or is not 
long-range order in the system. 

Onsager’s achievement was to demon- 
strate that it is possible to obtain exact solu- 
tions for the two-dimensional Ising lattice, 
at least with the help of seemingly un- 
demanding assumptions such as that the 
properties of a finite piece of lattice are 
those of an infinite lattice in which the 
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finite piece repeats itself periodically, The 
importance of Onsager’s innovation, 
essentially a neat piece of algebra, was that 
it was the first exact calculation of the 
thermodynamic properties of a system in 
which phase transitions might be expected. 
Earlier treatments of the thermodynamics 
of phase transitions, that of Landau for ex- 
ample, entailed expansions of the free 
energy of each of two phases in terms of 
some small quantity (say the difference be 
tween temperature and transition tem- 
perature) and were thus unable to describe 
the behaviour of thermodynamic quan- 
tities arbitrarily close to the transition. 

S0, forty years ago, it seemed natural to 
suppose that the problem of phase tran- 
sitions had been solved once and for all. 
Onsager’s original solution was for a two- 
dimensional square lattice. He and G. H. 
Wannier soon afterwards provided a solu- 
tion fora triangular lattice and, interesting- 
ly, showed that that was the equivalent to 
the solution for a hexagonal lattice obtain- 


ed by drawing a line perpendicular to each | 


triangular side through its mid-point. (The 
thermodynamic properties of the 
‘inverse’ lattice are those of the original 
provided that the temperature is inverted 
by the critical temperature.) 

In reality, experience has been frustrat- 
ing. A variety of two-dimensional lattices 
have been solved. by variants of Onsager’s 
technique or by other means. The model 
has been generalized in a variety of ways — 
the Potts model is, for example, the 
generalization in which each vertex of a lat- 
tice is occupied by some analogue of spin 
that can assume more than two values. The 
Ising lattice has also, quite unexpectedly, 


been the starting point for A. H. Wilson’s | 


demonstration that the renormalization of 
a gauge field theory can be represented by 


the calculations of the properties of a- 


suitably chosen lattice. But the three- 
dimensional Ising lattice has never been ex- 


| actly solved by Onsager’s method or any 


other. People have had to be satisfied with 
numerical calculations (which nevertheless 
show that, for example, phase transitions 
on a three-dimensional lattice do involve a 
finite change of heat content, as observed 
when cooling iron through its Curie 
temperature). It has even been suggested 
that the three-dimensional problem is in- 
herently insoluble. 


That it should be difficult is easily 
appreciated. To calculate the thermo- 


dynamic properties of even a model 
system, it is necessary to enumerate all 


general three-dimensional solution — doe 






possible particular values of the energy. 


The next step is to construct the partition 
functions for the system, the sum overall 


possible energy states E; of the quantity - 


Nj exp (E; kT) where kis Boltzmann’ secon- 
stant, T ‘the temperature and N; is the | 


number of configurations with energy Epo 
The thermodynamic quantities are then 
simply derived — 


of the partition function. The snag is that . 


evaluating the quantities N; isan awkward _ 
combinatorial calculation. Onsager’ stwo- | 


dimensional trick was to make the partition — 
function factorize. ae 
So how can Domany have made progress : 


even with some particular examples of a 


three-dimensional lattice? His trick is to 
combine the known solution of a two- 
dimensional hexagonal lattice with another - 
combinatorial kind of calculation, the © 
technique of cellular automata popularized 
(after J. von Neumann) by Stephen 
Wolfram (see Nature 305, 469; 1983). That 
is a means by which the evolution in 
“time” of an array of objects may be simu- 
lated by machine once rules have been 
specified for the dependence of the 
members of one ‘‘generation’’ on those of 
the predecessor generation. | 
The advantage of starting with a hex- 2 
agonal Ising lattice is that when the inter- 


actions between neighbours are such that | 


the whole system is ferromagnetic, the lat- 
tice can be considered as if it were two in- 


terpenetrating triangular lattices inverted. 
with respect to each other. Therules forthe 
time evolution of such a system considered 
as a cellular automaton make it possibleto > 
regard each successive ‘‘generation” inthe 
calculation as another layer of a three- o> 
dimensional lattice. But the outcome is, as 
followers of Wolfram might expect, nota — 


three-dimensional lattice of identical 
planes but one in which hexagonal and 


triangular arrays alternate as the structure — 


known as hexagonal close-packed. - 

The same trick works with the Potts 
model — starting with a hexagonal lattice. 
in two dimensions, Domany is able to 
generate a solution for a hexagonal close- 


packed lattice in three dimensions. For the 7 
time being, the interest of much of this -< 


argument is that it should be possible to ~ 
ground at least some of the conjectures =- 
based on numerical calculations in. 
analytical results. But nobody should be. 
surprised if the old Adam — the hunt for a- 


not begin all over again. John Maddi ) 


the entropy, for exam- 
ple, is simply proportional to the. logarithm 2 















= Developmental genetics . 


A common segment in genes for 
segments of Drosophila 


from Michael Akam 


THE beginnings of the molecular analysis 


of homoeotic genes, which seem to control 
segment determination in the fruit fly 
Drosophila melanogaster, have raised 
hopes that at long last an understanding of 
the relationship between the genetic 
information an individual inherits and its 
three-dimensional form may be in sight (see 
ref.1 for a brief review). Adding to those 
hopes, Walter Gehring’s group report in 
this issue of Nature (see p.428) that each of 
the two distinct homoeotic gene clusters 
contain several copies of the same short 
sequence of DNA, dubbed ‘H’, of which 
there are only about eight copies in the 
whole Drosophila genome’. The impli- 
cation is that this sequence must have some 
crucial role in the actual process of segment 
determination. 

There are two clusters of homoeotic 
genes in Drosophila genome — the 
bithorax (BX-C) and Antennapedia (ANT- 
C) gene complexes, the former being more 
concerned with the determination of 
thoracic and abdominal segments and the 
latter with thoracic and head segments*-’. 
How many genes there are within each 
complex is not yet clear. Lewis suggested 
that BX-C contains nine genes, one regu- 
lating the development of the third thoracic 
and each abdominal segment’. But it now 
seems likely that both the functional 
organization of genes within the complex 
and the relationship of genes to segments 
are more complex than this. For example, 
also in this issue (see p.454), Struhl shows 
that BX-C can be split by chromosomal 
rearrangements into two widely separated 
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antenna 


mouth parts 


homoeotic leg 


but fully functional domains®. One of 
these, the Ultrabithorax (Ubx) domain, is 
required principally in the thorax; the other 
in the abdomen. The realms of action of 
these two domains do not, however, meet 
at a segment boundary, but within the first 
abdominal segment, probably at the 
lineage boundary defining anterior and 
posterior compartments. 

In ANT-C, two genes, Antennapedia 
(Antp) and Sex combs reduced (Scr), are 
clearly involved in the regulation of 
segment identity®’. Antp products are 
required in thoracic segments to repress the 
development of head structures; when they 
are inappropriately expressed in the head, 
antennae are converted into leg structures 
(see the figure). Scr products are required 
specifically in the labial and prothoracic 
segments. A third homoeotic gene, probo- 
scipedia (pb), is separated from these two 
by at least three other genes, mutations in 
which give rise to phenotypes which are not 
obviously homoeotic*®””. 

Chromosomal sequences from both BX- 
C and ANT-C have been cloned’®, but 
only the Antp domain of ANT-C and the 
Ubx domain of BX-C have been charac- 
terized in any detail. Whereas most 
Drosophila genes are compact, with short 
introns, these two genetic units are excep- 
tional, but similar, in containing very long 
transcription units (Ubx is about 75 kilo- 
bases (kb), Antp more than 100 kb) which 
give rise to several different species of pro- 
cessed RNAs by the removal of large 
introns. 


Despite the functional analogy and. 






The antennae on the head of Drosophila (left) 
are transformed into legs by an extreme 
example of a homoeotic mutation within the 
Antennapedia gene complex. (Modified from 
B. Alberts, D. Bray, J. Lewis, M. Raff, K. 
Roberts and J. D. Watson The Molecular 
Biology of the Cell, Garland Publishing, 

1983.) 


MET 


| — that the Antp and Ubx genes contain a 
/ common, short sequence. As it happens, 
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i structural similarity between these two 


units, and despite claims made with the 
benefit of hindsight, few if any of those 
working with Drosophila homoeotic genes 

predicted what McGinnis et al. have found . 


the first repeat of the H sequence to be 


| identified did not immediately suggest any 


functional correlation between the H 
repeat and homoeotic genes. Both 
research groups cloning the Anfp region 
noticed weak homology between what is 
now recognized as an H sequence and a 
cloned fragment located 40 kb away on 
the chromosome and within a short trans- 
cription unit which coincides with a 
cluster of fushi-tarazu (fiz) mutations''?. 
The phenotype of fiz mutations, though 
striking — embryos homozygous for fiz 
mutations develop only half the normal 
number of segments but of double the 
normal size, is not homoeotic in any 
accepted sense. 

But the H repeat also hybridizes to a 
small number of other fragments within 
the Drosophila genome — a total of eight. ©. 





clearly resolved EcoRI restriction frag- J= 


ments. By good luck, or insight, McGinnis 
and his colleagues in the Gehring 
laboratory in Basel chose to sereen the 
available clones from BX-C for the 
presence of one of these fragments, and 
found one locatedin the 3’ exon of the Vbx 
transcription unit, a position analogous to 
that of the H repeat in the Antp gene’. 
Where, then, are the other five or more 
copies of the H repeat; are they also within 
homoeotic genes? Using clones selected 


‘from a genomic library by their homology 


to both Antp and fiz (and thus to the H 

repeat), the Basel group identified two 

chromosomal sequences, in addition to 

Ubx, which contain the H repeat. One of 

these, represented by clone p93, hybrid- 

izes to chromosomal bands at 89E, the site. 
of BX-C: the other, clone p99, to a site 
within or very close to ANT-C, 

Clone p93 hybridizes to regions of BX-C 
beyond the Ubx domain, which have been 
cloned, though not yet fully characterized, 
by Bender and his colleagues at Harvard 
University. That places the H repeat of 
p93 approximately 130 kb from the copy 
in Ubx, in a region in which mutations 





have no effect on thoracic segments, but 


transform abdominal segments*-*. By 
hybridizing p93 to size-fractionated RNA 


and to RNA in sections of embryos, the 


Basel group shows that the p93 clone is 
homologous to a complex set of trans- 
cripts which are located in the posterior. 
abdominal segments of the embryo. ,” 
There is little doubt therefore that the p93 
clone is derived from a gene in the 
abdominal domain of BX-C. | 

The identity of the gene carried by p99 
is less clear. The chromosomal region to 
which it hybridizes lies beyond the end of 


current chromosomal walks in ANT-C, in 
| aregion where only one of the three identi- - 
| fied genes is clearly associated with hom- 
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oeotic mutations. However, here again 

the H repeat is present within a trans- 

~cribed sequence. In the blastoderm, the 

transcript accumulates specifically in the 
| cells of a region corresponding to the 
primordia for segments of the head and 
mouthparts. While not conclusive, this 
strongly suggests that the p99 clone 
is identifying a homoeotic gene within 
ANT-C, 

In summary, all five identified H repeats 
lie within transcripts which show strikingly 
localized patterns of expression. Three at 
least are within homoeotic genes, two of 
these within units of BX-C and one at 
ANT-C. The repeat at ftz appears not to lie 
in a conventional homoeotic gene, but the 
fitz gene itself may actually be embedded 
within the Scr locus, an overly homoeotic 
gene of ANT-C (refs 11,12). 

What is the function of the H repeat? 
McGinnis et al.? cite unpublished sequence 
data to argue that it encodes a conserved 
protein sequence, present in the same 
orientation relative to transcription in at 
least the Ubx, Antp and ftz genes. This is 
the first real evidence for the appealing, 
““Yeand simplifying, suggestion that the genes 

< which specify segment identity in the 












different regions of the embryo are ' 


performing related biochemical functions. 
Lewis suggested that the genes of BX-C 
evolved in parallel with the diversification 
of the thoracic and abdominal segments of 
insects’, By analogy, the Antennapedia 
function would date from the origin of 
distinct head and thoracic structures — a 
diversification at least as old as the 
arthropods. For the H sequence to have 
been conserved since then, stringent con- 
straints must have been imposed by the 
need to retain the function, and hence the 
structure, of the protein encoded by it. 
Perhaps this function evolved 
specifically to mediate some aspect of seg- 
«ment determination. If so, the H repeat 
a uld prove to be a characteristic marker 
vi segment-determining genes. More 
probably, the function will prove to be a 
ancient one. Although characteristic of 
one family of homoeotic genes, the same 
protein may, in different gene families or in 
other organisms, be the means to very dif- 
ferent biological ends. There will be many 
who seek to find out what its functionis. 9 
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Accelerating carbon dating 


from R.E.M. Hedges and J.A.J. Gowlett 


THE dates reported in this issue of Nature 
(pages 443 and 446) by groups from the 
University of Rochester! and the Uni- 
versity of Arizona at Tucson? are among 


the first fruits of the method of radio- 
carbon measurement by accelerator mass 
spectrometry. The method, which uses the 
large tandem Van der Graaff accelerators 
found in nuclear physics laboratories, was 
first demonstrated as practicable in 1977 
but has been a long time maturing. Now, 
several groups, notably from Chalk River?, 
Zurich* and our’s from Oxford’ in addi- 
tion to those from Rochester and Tucson, 
have accumulated a sufficient number of 
radiocarbon dates, at a useful level of ac- 
curacy, for the archaeological impact of 
the new method to be felt. 

The advantages of measuring carbon-14 
levels in archaeological and environmental 
samples by mass spectrometry have been 
clear from the start. Since carbon negative 
ions can be produced with an efficiency ofa 
few per cent (in terms of sample consump- 
tion) and subsequently transported, separ- 
ated from neighbouring masses and 
detected with an efficiency of 25-30 per 
cent, the overall efficiency corresponds to 
that obtained by counting all the 8 -decay 
events from the sample for about 80 years. 
Accordingly, accelerator mass spectro- 
metry should make it possible to use 
samples at least a thousand times smaller 
than in conventional radiocarbon measure- 
ment by 8 counting. With typical beam 
currents, a counting time of 30 minutes is 
sufficient for most archaeological samples. 
A further advantage is that there is no 
cosmic-ray background, and misidenti- 
fication of the detected particles can be 
negligible. 

The development of the method has 
been interesting. The obvious problem, 
that of detecting a “C nucleus in the 
presence of a 10!*~fold excess of '°C, 
almost as much as °C and isobars such as 
'4N and numerous molecular combi- 


nations, has turned out to be relatively 


straightforward, even at accelerator 
energies somewhat lower than originally in- 
tended. Nevertheless, ions are accelerated 
to an energy at which the principal charge 
state produced by a stripping collision is 
Œ+; confusion by molecules is eliminated 
by analysing a high-charge state, while iso- 
bars can be distinguished by measurement 
of their energy-loss rates in the detector. 
One major development has been the 
construction of purpose-built systems 
based on ‘small’ accelerators. The Oxford 
and Tucson groups work at a terminal 
voltage of 1.8 MV, achieved with a com- 
mercially packaged system in Tucson. The 
point of constructing a purpose-built 
system is to achieve an accuracy sufficient 
















to contribute to the 50, 000 or so 
dates, with eraging about | 
per cent, onventional 





cordingly: span a 


standard. The fine details of the distri- o 


bution of the ion beam are sensitive to 


small changes in the conditions of the ion 
source, especially in a source of high ex- 
traction efficiency working with a solid 
target. Much work has gone into suitable . 
target preparation methods; by now there- 


are more preferred methods than groups: = 


Methods vary in the type of sample 
chemistry needed, not least to contain 


background contamination by modern = 


carbon, and in theion source performance. 
Accurate dating beyond the range of con- 
ventional '*C dating (35,000 years) needs 
reasonably high beam currents and con- 
tamination of the target by modern carbon 
at well below the microgramme level. 

The oldest dates so far obtained are in 
the 40,000-year range. That contamination 
can be a problem, is illustrated by the 
apparent dating of the ideal target-source 
for carbon ions, supposedly 'C-free a 
geological graphite, to only 60,000. 
years. aoe 


the development of accelerator dating, 


most of the applications so far published 
deal with issues of verification, which can 


usually be tackled even without high 
precision. Verification is often crucial to 
archaeological interpretation, which relies 
on assessing whether examples of domesti- 


cated plants or animals, or even of arte o o- 
facts, are as old as they appear tobe. The 
choice of samples for dating is heavily 
biased by the climate of expectation. Thus 
if grain is found in a Neolithic grain pit, 
nobody is likely to wonder whetheritcould 
be later Roman grain brought down by 


burrowing of rodents. But if, for example, 
domesticated grains are found on early 
sites where one would expect the economy 
to be hunting and gathering, as on some 
sites over 10,000 years old in the Middle 
East, very many questions will be asked. 
Dating may not be the only way to answer 
them, but is has the great advantage of set- 
tling matters beyond reasonable doubt. 
The dating of the early human colon- — 
ization of the Americas is beset by con- 
textual problems of this kind. Although 
already suspect on archaeological grounds, 
the case for the Yuha burial being evidence 


seems unusually. _ 
r physicist, Ac- 
ries with existing 
large accelerators have turned their atten- 
tion to other trace nuclides such as Be, 
where the database is much more primitive, X 

The greatest hindrance to high accuracy. 
comes in the comparison of the analysed: __ 
beam of the unknown sample withthatofa 


Because of difficulties encountered in 













< of early colonization is effectively dis- ų 


_ missed by the date of 3,850 + 250 yr BP 

roduced by Stafford et al.?. (Evidence of 
< early colonization still exists from much 
< better documented sites, in South America 
‘and the eastern United States.) Conard ef 





al, illustrate the value of the accelerator 


dating in studies of early domestication! . 
They show that domestication of some 
crops started considerably earlier than 
generally expected in the north-central 
United States, although maize now appears 
to have been an unexpectedly late arrival. 

It would be unfair to see all questions of 
verification as failures of ordinary 
archaeological methods. In many cases no 
amount of skill can determine whether 
small excavated objects have moved 
through sediments. Now that some groups 
can produce accelerator dates accurate to 
within 1-2 per cent, the technique can be 
extended to problems that are ‘tight’ in 
time range (for example, domestic cows 
1,000 years ‘too early’, camels 1,500 years 
‘older’ than yet accepted). Even now such 
applications are a minority of those com- 
peting for accelerator time. 

Within five years, when world acceler- 
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The approximate distribution of 
conventionally obtained radiocarbon. 
dates, based on the output of some British 
laboratories over a period of several years, 
highlighting the scope for accelerator 
dating, for example at point A, where 
conventional dates tail off rapidly, as well 
as at B, where contamination poses serious 
difficulties for all radiocarbon dating. 





ator capacity will exceed 1,000 dates per 
year, the main emphasis will be on straight- 
forward dating of material which could not 
previously be dated, either because it 
consisted of very small objects, such as 


- artefacts from the past 10,000 years or — 
-single bone or charcoal samples in the 10- 


50,000 years range, or because it was more 


than $0,000 years old. If the distribution of 


accelerator dating was to follow that 
established by conventional radiocarbon 
dating, the total impact in a five-year 
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period would be relatively slight (see 
diagram). It would be more desirable to lay 
equal emphasis on the periods before and 


after 10,000 BP. This strategy would almost 


double the number of dates for the period 
of 10,000-50,000 years ago, the critical 
period leading up to the appearance of 


modern man and then to the domestication | 


of plants and animals. The question, then, 


Huntington’s disease 
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is not so` much that of how accelerator 
dating can most successfully be applied as 
that of how it can best be rationed out to 
make the most useful contributions in a 

number of fields. | | 4 
R.E.M. Hedges and JAJ. Gowlett are in ih 
Radiocarbon Accelerator Unit of the Research 
Laboratory for Archaeology, University of 


Oxford, Oxford OX1 3QJ. 


Charting the path to the gene 


from Charles R. Cantor 


FLUSHED with the success of the discovery 
by James Gusella and his colleagues of a 
marker on human chromosome 4 linked to 
the gene for Huntington’s disease (Nature 
306, 234; 1983), the participants at a recent 
workshop* in Los Angeles of the Heredi- 
tary Disease Foundation focused their 
attention on how to accelerate the search 
for the Huntington’s gene itself and the 
progressive impact of the search on pre- 


symptomatic diagnosis of the disease. 


Gusella ef a/.’s approach started from 
the fact that there is approximately a | per 
cent chance that any base in a chromosome 
of an individual will differ from that of 
another individual or will differ between an 
individual’s two homologous chromo- 
somes. Such differences, or polymor- 
phisms, are inherited and will sometimes 
lead to differences in the pattern of 
cleavage of DNA by restriction enzymes. A 
polymorphism close to a deleterious gene 
will tend to be inherited along with that 
gene. Thus, tracing the inheritance of 
numerous polymorphisms, by the use of 
randomly selected cloned DNA fragments 


as probes, will eventually reveal a poly- 


morphism close to any gene of interest. It 
was anticipated that an examination of a 
few hundred cloned fragments would be 
necessary to find one close enough to the 


Huntington’s disease gene to be useful but 
Gusella ef al. were remarkably lucky and 
found their polymorphism in the first 12 
cloned sequences examined. 


From the pattern of inheritance of 
Gusella et al.'s polymorphism, a fragment 


of DNA ignominiously called G8, one can 
calculate that it is 3 to 5 million base pairs 


from the gene. This is the length of all the 


DNA in a bacterium. It should not be too 
hard to narrow down the location of the 
Huntington’s gene but since it probably 
represents less than 0.1 per cent of the 
chromosome fragment identified by G8 
and since there is no hint of what the gene 
does or what it looks like, finding it by 
existing techniques will be an enormous 
task. 

The next step, outlined by Gusella, will 
be to bracket the Huntington’s gene witha 











second marker, on the opposite side from 
G8. John Wasmuth (University of 
California, Irvine) described hybrids of 
human and rodent cells containing 
chromosome 4 as the only human 
chromosome which have allowed the 
construction of a library of cloned 
fragments from chromosome 4. This 
narrows the search for new markers but the 


inheritance of each one must still be traced x. 


Bs 
Sets 


through many related individuals. | 

To reveal which chromosome has. been 
passed along to each child, it is necessary to 
have polymorphisms that are different on 
the two homologous chromosomes of an 
individual. The more polymorphisms one 
has, the more accurate the resulting picture 
of inheritance. Hence the value of electro- 
phoresis in denaturation gradients, 
described by Lenard Lerman (SUNY- 
Albany), as a means to find all polymor- 
phisms on a DNA fragment, not just those 
that lead to differences in restriction 
enzyme cleavage. Electrophoretic sep- 
arations of DNA molecules as large as 2 
million base pairs have been developed by 
David Schwartz and Charles Cantor 
(Columbia University). They will allow the 
G8 locus to be isolated as a very large DNA... 
fragment and then subcloned. H@ 


Lehrach (EMBL, Heidelberg) describea == 


methods for scratching out a single piece of 
a mammalian chromosome and micro- 
cloning DNA from it. Once the approxi- 
mate chromosomal location of G8 is 
known, this will provide other clones of 
near-by DNA regions. 

Another approach is to construct stable 
rodent cell lines containing fragments of 


| human chromosome 4 which include G8. 
One method would be first to use Richard 
Mulligan’s (MIT) retroviral vectors to 
insert a selectable marker into human 
chromosome 4; then to produce a cell line 

containing the marker integrated near G8; 
and finally to transfect rodent cells with | 
chromosomal fragments from that cell line 
using microcell methods described by 
Tracy Lugo (University of Southern 
California) or other methods described by 
David Housman (MIT). The selectable 
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| | marker will enable a rodent cell line 
, OSOE! -| carrying the G8-containing fragment to be 
“Gene mapping: clinical and scientific impact on neurogenctc | ja eatified Dand maintained | Rensated 
diseases’, Los Angeles, 7-8 January 1984, A full report will be | identified and- maintained. Repeated 


j sequences unique to humans will.allow the _ 
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human DNA to be separated from rodent 
DNA for subsequent cloning. 

Until Gusella’s finding it would have 
been hard to motivate a coordinated effort 
to mesh these new techniques towards an 
objective as elusive as the Huntington’s 
ene. However it is clear that the methods 
will complement and assist each other in 
providing DNA fragments closer to the 
gene. Eventually the techniques will 
provide a physical map of a few million 
base pairs surrounding the Huntington’s 
gene and a complete set of clones repre- 
senting all of the DNA in this region. 
Analysis of DNA polymorphisms will pro- 
gressively identify those clones whose 
inheritance more and more closely matches 
Huntington’s. Along with the physical 
DNA map this information will narrow the 
location of the Huntington’s gene to less 
than a million base pairs. 

Fragments nearer the gene may be 
identified through individuals who display 
evidence of recombination between a 
mapped marker and the Huntington’s gene. 
This random exchange of DNA between 
two homologous chromosomes occurs 
Myyoughly 1 per cent per chromosome per 

generation. As the search narrows, the 
number of individuals who must be exam- 
ined to find an interchange between the 
closest marker and the gene multiplies 
rapidly. 

At this stage, the extensive poly- 
morphism of human DNA that revealed 
the G8 marker in the first place turns from 
an asset to a severe liability. For even if the 
search has been narrowed to 500,000 base 
pairs, polymorphism will insure that there 
are a few thousand bases that differ 
between any two individuals and only one 
of these differences is likely to represent the 
origin of Huntington’s disease. Without 
knowledge of the function of the 
Huntington’s gene or the nature of its 
product it will be impossible to tell which of 

the polymorphisms is the mutation. 
‘Perhaps luck will be on the side of the 
scientists again; without it, the rate of 
progress might slow considerably. 

Since Huntington’s disease is dominant, 
it is conceivable that expression of the 
mutant gene will produce neurological 
symptoms in other species. An animal 
model of Huntington’s might be created by 
moving the human gene into a mouse. One 
approach would be to transfect a terato- 
carcinoma cell line with DNA containing 
the Huntington’s gene and then to mix 
these cells with mouse embryos and derive 
chimaeric mice. Although this approach 
‘has many pitfalls, it is worth a gamble in 
view of the remarkable conservatism of 
brain proteins, as illustrated by Carol 
Miller’s (University of Southern Cali- 
fornia) and Seymour Benzer’s (Caltech) 
demonstration that more than half of a 
panel of monoclonal antibodies raised 
against Drosophila brain cross-reacted 
with human brain tissue. 

If no animal model for Huntington’s 
appears one is only left with brute-force 











approaches. If Huntington’s arose from a 
single mutational event which became dis- 
tributed through different human popu- 
lations, the DNA region immediately 
adjacent to the gene should be relatively 
devoid of polymorphisms and so, perhaps, 
detectable. Other strategies will require 
some consideration of biological function. 
A million-base-pair stretch of human DNA 
containing the Huntington’s locus should 
code for about 25 proteins and Kelly Mayo 
(Salk Institute) described new (‘open 
reading frame’) vectors that should allow 
their coding regions to be identified and 
sequenced. Comparison of the sequences 
with those of genes for proteins of known 
function might help towards identifying 
which of the 25 proteins is the 
Huntington’s protein. If this approach 
fails, one will be reduced to searching for 
abnormal expression of the genes in the 
neural tissues of Huntington’s patients. 
There is no guarantee that anything would 
be revealed by such a search, 

As the location of the gene becomes 
more certain, the accuracy and generality 
of presymptomatic and prenatal tests for 
Huntington’s disease will increase 
markedly. The G8 polymorphism is only 
useful in some members of certain 


Huntington’s families. Tests based on G8 | 
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are subject to some statistical uncertainty. 
Closer markers will eventually permit 
diagnosis of virtually all individuals with 
very little uncertainty. 
The moral and ethical issues raised by 
this prospect are substantial. They involve 
potential conflict between parent and child 
if one person wishes presymptomatic dia- 
gnosis and the other does not. They involve 
potential conflicts between individuals and 
society given that every childof an affected 
individual has a 50 per cent chance of 
developing the disease. The fact that these 
issues are being seriously discussed ünder- 









scores the current optimism about the pro- 


gress that can be expected. It is, anyway, 
prudent to air the issues now, because 
Huntington’s could serve as a model for 
many other genetic diseases. It is remark- 
able how many biological skills must be co- 
ordinated to optimize the approaches to 
such diseases. The degree of planning and 
organization is familiar to high-energy 
physicists but not to most biologists. It 
should turn out to bea very satisfying one, © 
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Charles R. Cantor is Professor in the 
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LONGITUDINAL ridges trace a helical path along the length of the cell surface of the 
unicellular flagellated alga Distigma proteus (top). Sections through the ridges reveal 
microtubules underlying each ridge (below left) and probably involved in the euglenoid 
movement of the cells. Between four and nine microtubules are grouped under the 
smoothly curved border of each ridge, two more are at the point where the membrane 
folds inwards and makes a sharp bend and one or two are situated beneath the deepest part 
of the surface groove. Overlying the microtubules is a crystalline membrane lattice, three- 
dimensional image reconstruction of which shows a featureless inner surface and an outer 
surface of double rows of roughly pentagonal particles with a central depression. A model 


(below right) of the membrane lattice and a microtubule composed of thirteen proto- 
filaments, includes microtuble-associated protein molecules (cylindrical rods) presumed - 


to link the microtubules to the lattice. From J.M. Murray J. Cell Biol. 98 283 (1984). 
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=- from Virginia A. Zakian 


Tue orderly appearance and behaviour of 
chromosomes during mitotic and meiotic 
cell division must reflect precise and 
regular three-dimensional associations in 
the dividing eukaryotic cell. Between 
divisions (interphase), chromosomes 
unfold and usually disappear from view, 
raising the question of whether interphase 
nuclei possess a specific and predetermined 
spatial organization. If they do, that 
organization might influence or even 
determine the patterns of RNA trans- 
cription and DNA replication during inter- 
phase. The second stage of an ambitious 
attempt by John Sedat and co-workers to 
probe the structure of the interphase nu- 
cleus is reported on page 414 of this issue. 

Specifically, Sedat’s group is investi- 
gating the arrangement of polytene 
chromosomes in interphase cells of the 
salivary glands of Drosophila melan- 
ogaster larva. These chromosomes are 
ideally suited for such studies: successive 
rounds of endo-replication produce huge 
chromosomes in which over 1,000 
chromatids are exactly aligned and charac- 
teristic bands can be correlated with 
specific genetic loci. Moreover, trans- 
criptional activation occurs at individual 
loci in a characteristic temporal sequence 
and can be visualized by the appearance of 
puffs at specific sites. 

The studies of Sedat’s group are carried 
out on intact unfixed cells, using 
procedures designed to minimize dis- 
ruption of intracellular associations. 
Chromosomes are stained with DNA- 
specific fluorescent dyes and examined 
by fluorescent light microscopy using 
sophisticated computer-assisted methods. 
Twenty-four optical ‘slices’ are taken 
through each nucleus. An image-proces- 
sing program handles focus control and the 
averaging, storage and alignment of imag- 
es. A computer program integrates the 24 
image stacks to produce a trace of each 
chromosome’ s position in the nucleus. 

“The first results, which were based ona 
igle nucleus, revealed that the complexly- 





. sin 


folded polytene chromosomes maintain a | 


polarized orientation’. That is, the 
chromocentre, a structure produced by 
fusion of all the centromeres, is situated at 
a fixed position on the nuclear membrane 
relative to the geography of the salivary 
gland. This position is opposite to that of 
the telomeres which also contact the 
. membrane. The chromosomes are 

~ positioned close to the nuclear membrane, 


a : leaving the centre of the nucleus essentially 
free of chromosomes. These conclusions 
were similar to those previously obtained | 


- by less precise methods (see, for example, 
refs 2 and 3). 
Technological improvements in image- 


chitecture of interphase nuclei 


gathering and analysis have now enabled 
Sedat and co-workers to identify bands 
throughout the length of each chromo- 
some arm and therefore to identify 
individual chromosomes*. Thus they have 
been able to determine whether specific 
cytological loci occupy similar spatial 
environments within each of six nuclei 
taken from thesame salivary gland. Sedat’s 
group has also introduced methods for 
describing spatial positions which are more 
objective and more easily quantified than 
those used in previous studies. To describe 
the intra-chromosomal folding patterns of 
chromosome arms, an intra-distance map 
is constructed in which the distance 
between a given cytological locus and every 
other locus on the chromosome arm is 
displayed*. In the map, the decrease in dis- 
tance between two non-contiguous sites on 
a chromosome brought into proximity by 
folding is graphically illustrated as a point 
off the diagonal in the intra-distance plot. 
The intra-distance maps obtained by 
Sedat’s group for the same chromosome in 
different nuclei are not identical; for 
example, the X chromosome is not limited 
to a specific three-dimensional config- 
uration. However, statistical analysis of 
folding patterns reveals that there are 
preferred configurations. Thus, in four of 
six nuclei, specific regions of the X 
chromosome are in apposition to each 
other. Despite extensive folding, individual 
chromosomes do not intertwine with other 
chromosomes but appear to occupy 
separate topological domains. 
Inter-chromosomal distances were also 
measured. That is, it was determined how 
frequently specific regions on one chromo- 
some arm are next to specific sites on a 
second. Preferred contacts between 
different chromosomes were detected but 
they are of a limited nature. For example, 
chromosome arm 2R often lies close to arm 
2L but rarely near arm 3L. However, 
although 2L is found r near 2R in all six 


p ad EEN the. iaie sites which 


_ from each locus on each chromosome t 


| membrane contact points was explored. 

| Most of the chromosomes lie within 5 ym 
of the nuclear surface (nuclear diameter is 
30-40 ym), but the position of many loci 








are involved in these close contacts differ 
from nucleus to nucleus. 
Finally, by determining the distance 


the nuclear membrane, the specificity of , 


vis-a-vis the membrane varies considerably 
from nucleus to nucleus. Certain chromo- 
somal sites are, however, tightly associated 
with the membrane in all or most nuclei. 
The sites correspond to a subset of those 
loci previously identified as sites of ectopic 
pairing (pairing between non-homologous 
chromosomes), late replication and suscep- 
tibility to breakage’. Note that specific 
membrane contact points, like intra- 
chromosomal folding patterns, though 
conserved, are not invariant features of 
interphase chromosomes. 

Although genes were first viewed as 
discrete independent loci, it became 
apparent more than 50 years ago that the 
position of a gene can have a profound, y 
effect on its expression, lending credence to- 
the hypothesis that the interphase nucleus 
is a highly ordered structure. However, 
since many chromosomal rearrangements 
are tolerated in Drosophila, nuclear archi- 
tecture is likely to be flexible except, 
perhaps, for a limited subset of crucial loci. 
Sedat’s approach has convincingly demon- 
strated that computer-assisted cytological 
studies can provide a wealth of positional 
information at the level of the individual 
genetic locus. The emerging picture is one 
of preferred, but not required, chromo- 
somal configurations. To test the 
importance of these configurations, it will 
be crucial to determine whether the three- 
dimensional structure of polytene nuclei 
changes as a function of developmental 
stage or genetic makeup. mee 
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On 30: Mank 1984, the Marine Biological Association of the United Kingdom celebrates the 
centenary of its formation. 


100 years ago 


THE SOCIETY FOR THE BIOLOGICAL 
INVESTIGATION OF BRITISH COASTS 


Tue meeting held for the purpose of in- 
augurating a new society having the above title, 
took place last Monday in the rooms of the 
Royal Society, Prof. Huxley being in the chair. 

Prof. Huxley began by observing that the 
establishment of marine biological stations had 


been undertaken during the last few years by 


most of the civilised countries, and was, indeed, 


a necessary result of the great change which had 
taken place in the aims of biological science. The 
study of development began about half a cen- 


tury ago, and the ramifications of that inquiry, 
which had been extended to the mode of becom- 
ing of all live things by Mr. Darwin, had caused a 


| complete change in the methods of biological 
/ research. In order to investigate the living being 


it was now no longer deemed sufficient, as in the 
days of our great-grandfathers, to observe its” 
outside, or even in the days of our grandfathers, 
to examine its anatomy. We have now to trace its 
developmental growth from the egg, and we are 
able to do so with a thoroughness of which no 
one in his young days could have had any con- 
ception. Such was one good reason for founding 
an institution of this kind from a purely scien- 


tific point of view. 


From Nature 29, 533, 3 April 1884. 
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Astronomy 


NEWS AND VIEWS 


Classifying ourselves 


from Virginia Trimble 


DECIDING just how normal or average our 
star and Galaxy are is of practical as well as 
philosophical interest. The assumption 
that ours is a normal galaxy ofa particular 
type is now being used in efforts’ to pin 
down the extragalactic distance scale, the 
value of Hubbles’s constant and the age of 
the Universe, all still uncertain by about a 
factor of two. And properties of other stars 
are frequently determined by comparison 
with those of the Sun. Thus, if spectral 
type, colour, temperature and luminosity 
of the Sun are not known accurately, our 
ideas about how the chemical composition 
of the Galaxy has evolved with time, about 
the mass—luminosity relationship and even 
about the distance to the Hyades (which 
feeds back into the extragalactic distance 
scale) will come out wrong!*, Two recent 
, papers*® represent the latest round of 


= psquabbles over whether the Milky Way is 
“an Sb or an Sc spiral and whether the Sun is 





unusually red or normal for its spectral 
type. 

Hubble’ and later workers®? classified 
spiral galaxies into two sequences, with 
central bars present (SB) or absent (S or 
SA). Both sequences are ordered by the 
degree of prominence of the spiral arms, 
from Sa, with bright nuclei and incon- 
spicuous tightly- wound arms, through Sb 
to Sc, with very conspicuous loosely- 
wound arms. Many other properties of 
galaxies correlate well with Hubble type, 
including the zero points of the 
relationships (between total luminosity and 
rotational velocity, or surface brightness, 
or other distance-independent parameters) 
ysed to calibrate the extragalactic distance 
scale. The difference in luminosity between 
‘Sb and Sc galaxies at a given value of some 
other parameter is typically about a magni- 
tude, corresponding to a 60 per cent error 
in distance if you guess the wrong type. As 
a result, we can only calibrate these 
relationships using data from our Galaxy if 
we know its Hubble type and that it is 
normal for its type with some precision. 
Unfortunately, we cannot photograph the 
Milky Way from outside and compare 
arms and nucleus optically. Thus all clas- 
sifications of our Galaxy are more or less 
indirect and correspondingly uncertain. 
The advent of radio astronomy greatly 
increased the number of indirect indicators 
vailable'° and led Baade to decide that we 
live in an Sb galaxy''. Later determina- 
tions’ have oscillated between Sb and Sc. 
The most detailed yielded the classification 


SAB(rs)bc!?, indicating intermediate status | 


in all parameters, including existence of a 
ring, r. 

If we accept this intermediate type, then 
.. our Galaxy is quite normal!!?""4, having 
io values of all the usual parameters 





‘intermediate among those of four other 
galaxies of similar types. A composite 


drawing of the four shows more than two 


‘spiral arms, not all of equal brightness. 


And Hubble’s constant, H, must be near 
100 km s? Mpc? or the coherent picture 
falls apart. This last conclusion disturbs 
many astronomers, as it requires either that 
the Universe be less than 10'° years old or 
that Einstein’s infamous cosmological 
constant be non-zero. 

But suppose we are really an Sc. Galaxies 
of that type are intrinsically fainter than Sb 
galaxies. Thus when other galaxies are 
matched to ours, the effect is to make them 
intrinsically brighter, hence further away. 
According to Paul Hodge*, an equally 
coherent picture can then be assembled 
with H near 50 km s` Mpc", at least for 
luminosity and type determinations based 
on the scale length of the ionized hydrogen 
distribution in galactic discs. Classi- 
fications as Sc not depending on the 
distance scale!* 1 then become arguments 
in favour of the lower value of H. It 
remains to be seen whether other distance- 
dependent indicators of Hubble type can 
also make the Milky Way look like a 
normal Sc with the larger distance scale. De 
Vaucouleurs (private communication) be- 
lieves that this will not prove possible. 

By contrast, the spectral type of our Sun 
cannot be debated. Modern systems of 
classification define G2V stars as those 
whose spectra are like the Sun’s, at least at 
relatively low dispersion. During the 20 
years from Kuiper’ to Stebbins and 
Kron", there seems to have been general 
agreement that many other G2V stars 
indeed had absorption line spectra like the 
Sun’s and were, on the average, the same 
colour, (B-V) = 0.63, and so at the same 
temperature. 

Meta! abundances for solar-type stars in 
the Hyades and other young clusters using 


these similarities turn out larger than solar. 
by 20-50 per cent, implying that our 
Galaxy is becoming richer in heavy 
elements as generations of supernovae | 


would like to believe all this, 


Doubts began to gather only when | 
modern photoelectric measurements of the | 
solar colour*’** and indirect determina- 


tions, employing comparisons of spectral 
features with those of other stars}, started 
yielding significantly redder colours of 
0.65-0.69, typical of G5, but not G2, stars. 

Hardop added to the difficulties by 
searching among the brighter stars for ones 


that would match the Sun in both broad-. 


band energy distribution. and. detailed 
absorption line profiles?.3.624%, 





analogues are rare? — fewer than a dozen 
out of several thousand stars searched — | 








and nearly all are rather red, with (B-V) = l 7 


0.65-0.71. Most had been classified near _ 
G5, not G2; and three of the closest 


analogues are in the Hyades, implying that 
the Sun and these stars are rather similarin 
their abundances of the heavy elements. 

What can ong? Chmielew- p 
ski?” has looke idirect measures 
of solar (B-V ‘best value of 
0.633 + 0.25 ald permit the _ 
conventional wi : 







in finding 0.686 + 0.01, using three a 
independent intermediaries. ae 
Could spectral classification methods 


have unexpected bugs*?? Hardorp has 
noted that the solar spectrum used asa __ 
standard is often that of sunlight reflected 
from Uranus or Neptune. Processes inthe 
planetary atmospheres can partially fill in ne 
absorption lines, making the spectrum _ 


mimic that of a hotter star. Thus, when 
these artificially weakened lines are used as 
a standard, stars that really are like the Sun 
are classified as cooler, near G5. Once this 
is allowed for, then several of the solar- 
analogue stars end up as G2-3 (ref. 6), and 
(B-V) = 0.67 + 0.01 becomes normal for 
the type. 

But since the Sun and its analoguesin the 
Hyades then match in line profiles, detailed 
energy distributions and broad-band 
colours, they must have the same 
temperatures and the same compositions. 
If the galactic metal abundance has not 
changed in nearly 5,000 million years, then 
either supernovae have stopped expelling 
heavy elements (which sounds unlikely but 
is remarkably hard to disprove”) or the 
products must be diluted by gas from 
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| liom to persist. He 
questions the accuracy of the direct 
measurements, all of which require some _ 
intermediary to bring small amounts of ae 
sunlight into a telescope and photometer _ 
that can also look at stars. But the most _ 
detailed direct determination yet” persists. 





>. regions where no massive stars have 
formed: (less unlikely, but also hard to 
-© prove). 


-Jn summary, to conclude that the Milky 
Way is a normal Sbc galaxy and that the 
Sun is a normal G2V star, while phil- 
osophically satisfactory, leads to unexpect- 
ed difficulties in understanding the scale of 
the Universe and the evolution of our 
Galaxy. This discussion may remind some 
readers of the revolutionary hypothesis 
advanced by Richard Armour”! that Judius 
Caesar was written neither at the end of 
Shakespeare’s first period nor at the 
beginning of his second period (an ancient 
topic of controversy) but, rather, between 
two periods. If so, the blame attaches 
entirely to the present writer and not to 
those working on problems of stellar and 
galactic classification. 


H 
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Latin-American gathering 


trom W.H. McCrea 


Tue latest in a series of regional meetings 
on astronomy, the third Reunion Regional 
Latinoamericana de Astronomia, in 
Buenos Aires, 28 November-3 December 
1983, was yet another illustration of the 
value of these conferences, held under the 
general auspices of the International 
Astronomical Union. The meeting was 
attended by about 200 astronomers from at 
least six Latin-American countries as well 
as several invited speakers from North 
America and Europe. Although the general 
objective of the organizers is to hold 
regional conferences in this series at inter- 
vals of two years, the next meeting is to be 
late this year in Brazil. 

The function of the meetings is twofold: 


Shock waves from a bullet 


Some of the earliest photographs of the 
-shock waves generated by a speeding bullet 
were taken in the laboratory of Ernst Mach 
at the German University of Prague in the 
winter of 1888, In 1884 Mach had tried to 
record such waves, using the schlieren tech- 
nique and target pistols, but had failed 
because the muzzle velocity was subsonic. 

At his behest, P. Salcher and 8. Riegler 
at the Royal Imperial Naval Academy, in 
what is now Rijeka, Yugoslavia, 
experimented with larger projectiles and 
higher velocities and obtained successful 
photographs in 1886. In the same year, 
working with his son Ludwig on the artil- 
lery range at Meppen, Mach found that at 
any velocity v, of the projectile greater 
than the speed of sound v, in the medium, 
trailing shock waves formed a constant 
angle a with respect to the direction of 
motion regardless of the projectile’s size, 
whence the equation: sina = v,/v,. 

When the Machs returned to the Physi- 
cal Institute of the University of Prague, 





they gradually improved their apparatus in 
which a test bullet is illuminated by the 
brief spark discharge from a Leyden jar. In 
the photograph shown here, the bullet is a 
blunt cylinder of brass, 23 mm long and 
travelling at a speed of 520 m s`! . The verti- 
cal white lines are copper wires, 0.5 mm 
thick, connected to opposite terminals. 
The bullet shorts the circuit. The original 
photograph, taken on Schleussner’s extra- 
sensitive dry plates with an exposure of 
about 2 us, measures only 1 cm across. 
The hyperboloidal leading wave looks 


: merely hyperbolic in cross-section because 


the three-dimensional shell is too thin to 
reflect much light except when seen edge- 
on. Similarly, the trailing waves, which 
always point at a more rakish angle than 
the leading wave, are really cones seen in 
cross-section. 

The Machs’ experiments, and those by 
C.V. Boys the following decade, had reper- 
cussions beyond experimental physics. The 
fact that sharper bullets yield fewer eddies 

and lower drag, for example, was 
of considerable significance for 
artillerists. Mach was quite aware 
of the military implications and 
once commented sardonically, 
“To shoot in the shortest time 
possible as many holes as possible 
_ in one another’s bodies is the most 
- important affair of modern life”. 
Jon Darius 





One of the photographs in an 
exhibition ‘Beyond Vision’ at the 
Science Museum, London from 19 
April. A book of the same title will be 
published in April by Oxford 


produced by courtesy of the Ernst- 
Mach-Institut, Freiburg, FRG. — 


University Press. The photographisre- 





to give the communities of astronomers in 
the countries of Latin America a sense of 
belonging to a larger community; and to 
provide Latin-American astronomers, 
sometimes hindered by geography and 
problems of foreign exchange from 
attending the periodic general assemblies 
of their union, a sense of belonging to the 
international community. 

In the past decade, Latin-American 
astronomy has been stimulated by the 
interest of astronomers from elsewhere 
who go to Chile to work in the new optical 
observatories in the Southern Hemisphere, 
as well as by a number of interesting 
bilateral collaborations with North 
American and European astronomers such 
as that between the Max Planck Institute 
for Radioastronomy (Bonn) and the 


Instituto Argentino de Radioastronomia N 


on long-baseline observations. 7 
On this occasion, Jorge Sahade: 
(Argentina), a former vice-president of the 
union, was chairman of the scientific com- 
mittee, which included Manuel Peimbert 
(Mexico), a vice-president of the union, 
and Victor Blanco (Chile), recently 
director of Cerro Tololo Inter-American 

Observatory. 

The meeting showed that Latin America 
as a whole is active in most fields of astro- 
nomical research with current interest, 
both observational and theoretical. 
Clearly, this community has benefited 
from some access to the large inter- 
nationally controlled telescopes in Chile 
and to some spaceborne facilities, the 
International Ultraviolet Explorer satellite 


for example. Many of the papers presented 
included co-authors from other parts of the ™ 
world, but it seemed a pity that only a few" 





of the astronomers from outside who make 
their observations in Chile were actually 
present in Buenos Aires. 

In Argentina itself, astronomy has 
strong traditions in stellar astrophysics and 
in the studies of galaxies and galactic 
systems, centred particularly on the 
Cérdoba and La Plata Observatories, as 
well as the radioastronomy institute. The 
observatories of Córdoba, La Plata and 
San Juan are to share in the use of a new 
2.15-m optical reflector, the erection of 
which is nearing completion at El Leoncito 
in the approaches to the Andes. The dates 
of the conference had been chosen as near 
as practicable to the centenary of the 
founding of the La Plata Observatory in 
November 1883; some of the proceedings 





were designed to honour this occasion. 


Incidentally, this observatory has always 
included a strong geophysical section.” 


WH. McCrea can be contacted at 87 Houndean 


Rise, Lewes, Sussex BN7 1EJ. 
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Lead cycling in estuaries, illustrated by 
_ the Gironde estuary, France 
Francoise Elbaz-Poulichet’, Philippe Holliger’, Wei ` i 








The cycling of lead in estuaries involves a complex exchange between dissolved and particulate phases. In macrotidal _ 
estuaries such as the Gironde (France), dissolved lead is adsorbed onto particles due to an increase in turbidity and in a 
the specific surface area of particles in the tidal estuary. In the lower estuary a mobilization of exchangeable and carbonate _ 
lead occurs simultaneously with a coagulation of organic dissolved lead associated with iron-manganese hydrous oxides. 
The lead-depleted particles are subsequently recycled to the tidal estuary by landward currents, where they become mixed _ 
with fresh river-borne particles. Lead isotopic ratios and particulate lead speciation studies indicate that in this estuary 
the mixing of polluted particles with old deposits probably has a minor role in the decrease in particulate lead. ae 


AS river water runs into the ocean, it is in effect entering a 
_Teservoir where it can accumulate up to the age limit of the 
“J reservoir itself, unless its concentration is controlled at some 

intermediate level by removal processes (generally through 
interactions with particulate matter)" *?, The behaviour of dis- 
solved chemical elements can be roughly predicted from the 
relative residence time of that element in the ocean which in 
turn depends on the ratio between the ocean and river water 
concentrations. For many trace metals such as iron and 
manganese there is a net removal of dissolved species during 
estuarine mixing*“. As far as the particulate phase is concerned, 
more than 90% of sediments and associated trace metals sup- 
plied by the rivers settle in estuaries and nearshore areas. 

Such global approaches allow us to predict that most of the 
dissolved and particulate lead supplied by rivers will be deposited 
in the estuarine and coastal zones. However, this general picture 
is more relevant to the long-term control of seawater composi- 
tion and the geological history of ocean sedimentation than to 
the thorough understanding of Pb cycling at a regional level 
and over a short time scale. 

\ In this article, the origin, concentration and fate of Pb have 
been investigated in a representative macrotidal estuary, that 
of the Gironde river in France. Most previous studies of this 
estuary considered the particulate phase and assumed that a 
significant mobilization process occurred as soon as the river 
water mixed with the sea water’. Duinker and co-workers, 
demonstrated clearly the predominance of mixing over desorp- 


1 





tion processes”. Particulate and dissolved concentrations (total 


concentrations and specific forms) and isotopic composition have 
been measured to resolve these problems. 


Sampling and analysis 


The Gironde estuary is located in south-west France (Fig. 1), 
and is formed by the confluence of the Garonne and Dordogne 


rivers. Mean annual discharge is 24x10 °m? yr™! and solid 
discharge 2.2 x 10°? g yr`™?, two-thirds of which is supplied by 
‘the Garonne river, which represents the main tributary. The 
Jironde can be considered as a partially mixed estuary charac- 
erized by a relatively long flushing time (ranging in average 
tidal conditions from 20 days in flood to 86 days during the low 
water stage). Hydrodynamic mechanisms in the Gironde estuary 
produce a well developed ‘turbidity maximum’ ranging from 
0.1 to 10 g1”*. Moreover, during certains periods a ‘fluid mud’ 
layer, where turbidity reaches 400 g17', accumulates on the 





estuary bottom, particularly along the navigation channel. The — 
total sediment mass in these two turbidity accumulations (5 x 10° 


glassy carbon electrode (provided by L. Mart) or a Metro 
tonnes) is twice the annual river solid discharge, corresponding | oe 


toan estimated ‘residence time’ of 2 months to 2 yr. This lengthy 
time spent by the water and particulate matter within the 
estuarine system as well as the large numbers of particles will — 
greatly favour solid-liquid interactions. The estuary is divided 
into two parts: the middle or saline estuary, corresponding to 
the mixing zone between river and sea waters, and the upper 
or tidal estuary characterized by fresh water but still subjected 

to daily tidal intrusion. 

Four sampling surveys were carried out. For these, water - 
samples were collected in polyethylene bottles which had been ~ 
soaked for 3 days in hot HCI 30% analytical grade, rinsed with 
demineralized water, then transferred to a clean-air cupboard 
and kept filled with HCI 5% (Merck Suprapur) for 7 days: The 
bottles were rinsed three times with demineralized water and 
transferred to polyethylene bags. Before each sampling the 
bottles were rinsed with sample water to condition them. _ 
Demineralized water acidified to pH 2 over 3 months in these 
precleaned bottles showed no contamination. The water samples _ 
were filtered under nitrogen pressure on 0.4 um acid-cleaned _- 
Nuclepore filters. All manipulations were performed in a laminar 
airflow cupboard. The filtrate was acidified to 1% with HC] ~~ 
(Merck Suprapur), and the filters were oven dried for 24 h at 
105 °C. The particulate matter was recovered from the filters 
in a clean-air cupboard and subsequently ground in an agate © 
mortar, : 

Total Pb concentrations in suspended matter were determined > 
by atomic absorption spectroscopy (IL 453) after digestion with 
a mixture of HNO,, HCIO, and HF (Merck Suprapur). Blanks - 
were negligible. The same digestion was used for Pb isotopic _ 
analysis. The Pb separation and ultrapurification were achieved 


by anion exchange techniques” and the isotopic ratios measured 
ona VG Micromass 5438. The total Pb blank was 20 ng = 0 





“Particulate Pb speciation, determined according to Tessier et 
al’, revealed five fractions: exchangeable, carbonate, Fe-Mn 
oxides, organic and residual fractions. Particulate scandium was | 
determined on an aliquot using INAA. AS 

Total dissolved Pb was measured by spiking a 50-cm? HCI- = 
acidified aliquot (pH 2) with 1 ml of HNO, and UV irradiating 
for 12 h. The UV irradiation device used was that described 
previously by Mart et al."° to photooxidize dissolved organic 
components that might bind Pb species inaccessible to DPASV. 
After UV irradiation the pH of the sample was readjusted 
1.5 by adding 1.2 ml of NH4OH and the voltammetric deter: 
nation was performed according to Mart et al.'°, using a P; 
174 (Princeton Applied Research) equipped with a rotat 











glassy carbon electrode. 










Fig. 1 Sampling stations for dissolved lead in the Gironde 
estuary. a, Upper limit of salt intrusion; b, approximate upper 
limit of tidal node; c, upper limit of tides. 


‘Organic’ dissolved Pb was calculated as the difference 
between total Pb. (determined after UV irradiation and at pH 
<2) and free and labile lead measured at pH 2 before UV 
irradiation. The result obtained for organic Pb represents a 
minimum value because the acidification of the water sample 
during storage may have destroyed the more labile organic Pb 

_ Species. 

Contamination due to filtration has been estimated to be 
<1 ng per kg, while acidification of the samples introduced a 
maximum contamination of 2.5 ng per kg. Finally, the addition 
of the various reagents needed for analysis (20 pl HCI, 25 pl 
Hg(N O;)2, 100 pl KCI) corresponded to 3 ng per kg contamina- 

< tion. For the determination of total Pb, subsequent addition of 
1 ml HNO,, 1.2 ml NHOH and UV irradiation added a Pb 
contamination of 2 ng per kg. The total blank then reached a 
maximum value of 7.5 ng per kg, well within the river~estuarine 
concentrations encountered in the Gironde (< 10%). 
Absolute standard deviation {+2 o), tested by making repli- 
_ cate determinations on seven river samples, varied from 0.8 for 
the range of concentrations observed in the Gironde estuary 
(60 ng per kg) to 5.7 ng per kg for higher concentrations. 
Accuracy was tested by analysing the NASS-1 (National 
Research. Council Canada) seawater reference sample. The 
“results obtained agreed well with the recommended value (39 + 6 


ng per kg). 

Total Pb 

' ie results obtained. in. various hydrological conditions were 
compared by plotting the data as a function of chlorinity (x-axis) 
in the saline estuary and as a function of the distance to the 
fiver reference point for the samples located upstream of salt 
Z intrusion. (tidal estuary). 

_. Pb concentrations in suspended matter (Fig. 2a) were very 
i J t March 1978 and October 1979 samples. The average 
tration is 70 pgg ', decreasing to 60 pg g™ in the 
y. To correct for p ossible | variations due to grain 
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Fig. 2 Particulate lead in the Gironde estuary from March 1978 -bes 
(M---M@) and October 1979 (A—A): a, without normalization; b, 
after Sc normalization; c, particulate lead speciation in the Gironde 
estuary suspensions (October 1979) according to the sequential 
procedure of Tessier etal’. (1, Exchangeable fraction, 1 M MgCl, 
(pH 7.0); EX, carbonate fraction, 1 M NaOAc (pH = 5.0 HOAc); 

Wā, Fe-Mn oxide fraction, 0.04 M NM, OH, HCl (pH 2, 25% 
HOAc); El, organic fraction, 30% H0, (pH 2 HNO), 3.2 M 
NH,OAc (20% NHO,}, 32M NH,OAc (20% NHO,); ©, 

residual fraction HF, HCIO, 





size, the absolute concentrations were normalized to scandium, 
which resulted in a greater relative decrease (30%) (see Fig. 2b). 

Dissolved total concentrations in the rivers ranged from 
184 ng per kg to 152 (Garonne) and 95 (Dordogne) ng per kg 
(Fig. 3, Table 1). A general decrease in dissolved Pb concentra- 
tions from the river to the salt intrusion was observed. These 
values are higher than those measured in the Mississippi River 
and in rivers flowing to the South Atlantic Bight in USA Ho 
Windom, personal communication), or in Italian rivers’ ‘and a 
other French rivers such as the Rhône, where the river Pb“ 
concentration is 70 ng per kg despite the high level of indus- 
trialization (F.E.-P., unpublished). The higher concentrations 
in the Garonne and Dordogne rivers are probably due to the 
presence of Pb ores, especially in the Garonne drainage basin. 
In the lower estuary, higher concentrations of dissolved Pb were 
measured in 1981 samples whereas dissolved Pb concentrations 
were fairly constant for 1982 samples. In 1981, some sampling. 
stations were located near sources of contamination: the oil 
refinery at Pauillac, and the Verdon Harbour. In our assessment 
of Pb geochemistry these contaminated areas were carefully 
excluded from the 1982 survey; sampling stations were located 
far from harbour areas and industrial discharges. Note, however, 
that these dissolved concentrations are still higher than those 
found on the inner shelf about 20 miles from the mouths of the 
Gironde and Loire rivers (F.E.-P., unpublished); these average © 
40 ng per kg, a concentration which has recently been confirmed 
by an intercalibration study performed by the ICES. 


Pb speciation 


In river water, the range of organic. dissolved Pb is 55-80% of 
total dissolved Pb (Fig. 3), whereas in the Gironde. estuary it 
represents only 20-30%. Interestingly, the decrease in organic | 









dissolved Pb occurs before the saline intrusion. With regard too o. 
there i is a Sunt 
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Fig. 3 Dissolved Pb in the Garonne and Dordogne rivers and in 
the Gironde estuary (June 1981, high water stage; October 1982, 
low water stage). 


correlative increase in both its concentration and percentage, 
with a slight maximum in the estuary. | 
Particulate Pb speciation studies showed that, from the river 
to the sea, the carbonate-bound and exchangeable Pb decreased 
while bound Fe-Mn oxides and organic Pb increased. The pro- 
` portion of Pb present in the various fractions was recalculated 
= as a percentage of total Pb concentration measured in the 
untreated sample (Fig. 2c). The Pb content of the carbonate 
fraction decreased from 31% toa negligible amount downstream 
and increased again to 9-26% near the river mouth. The Pb 
associated with the exchangeable fraction decreased from 21% 
upstream to a negligible amount in estuarine samples, while the 
Pb in the Fe-Mn oxide fraction increased from 21% upstream 
to 61% in estuarine samples, and the Pb in the organic fraction 
increased from 4% in the river samples to 33% for the sample 
taken just upstream of the salt intrusion. 


Mixing with marine particles 


As indicated above, a slight decrease in total particulate Pb was 
observed in the tidal estuary. This decrease could be explained 
by a mixing of high river Pb concentrations with estuarine 
particles characterized by a lower content of trace metals. 





Several possible reasons for this are discussed below. Alterna- 


ve. 


“Table 1 Dissolved total lead and free/labile lead in the Gironde 
estuary (June 1981-October 1982) 


Dissolved Pb (ng per kg) 





acter ODE SAN Ora Sli nan 
Sample Ci% Free/labile Total 
Gironde 1981 i 
G 8101 (Garonne) 0.008 - 184 
G 8102 0.008 134 
G 8103 - | 900 
G 8109 0.010 60- 
G 8119 0.017 80 
G 8114 0.400 327 
G 8115 2.560 98 
G 8120 13.61 194 
G 8121 17.19 170 
Gironde 1982 
-G 8210 (Dordogne) 0.017 43 96 
G 8209 (Garonne) 0.018 30 152 
G 8208 0.024 4} 134 
G 8207 0.021 $1 113 
G 8205 1.22 72 97 
G 8204 8.76 E e 
G 8203 13.56 620 92 
G 8201 19.75 60 B7 o on 
-Inner shelf 19.9 ~ j 47 o 
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_ tion of the present atmospheric Pb is thus restricted to the rang 


= -decreased to 1.128 in grass sampled near a highway in 
_ aerosol samples collected near Paris give a value clos 


— . This makes it easier to differentiate. betwee 
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Fig. 4 Lead isotopic composition of particles: 0, Pavin crater 
lake (Massif Central, France) cored sediments; A, Garonne river 
and Gironde estuary suspensions (March 1978): ®, unpolluted 
Gironde; @, Seine (1979) and Loire {April 1979~June 1982) 
estuary suspensions; A, laboratory dust collected at ENS, Paris; 
©, filtered aerosols sampled at a car park near Paris in 1982 Pee 
tively, the decrease could be attributed to a mixing of river 
suspensions with marine suspensions. Indeed, coarse marine | 
sands originating from the inlet can be transported 15-25 km 
up the estuary due to the residual landward bottom currents'?, ae 
For fined-grained sediments in the river and upper estuary, 8'°C ae 
values are typical of those for continental organic matter (~24, 
~26). A slight increase (from —15 to ~20) was observed in the- 
saline part of the estuary, near the mouth, but no characteristi- 
cally marine organic matter ratios were found in the upper 
‘estuary itself'*. These results indicate that most of the estuary 
is under the influence of terrigenous sediments and that penetra~ 
tion of marine material is limited to the lower reaches of the 
estuary. On the other hand, the concentrations of trace metals 
in the suspensions sampled near the mouth are generally slightly 
higher than in the turbid zones of the middle estuary. Ona 
larger scale, it is well known that suspensions from the open — 
ocean are enriched in most trace metals as compared with the 


_Earth’s crust'*. These sedimentological and geochemical data _ 


suggest that the lower Pb concentrations observed in suspensions — 
from the Gironde estuary cannot be accounted for by their 
dilution with marine particulates. e 
Origin of Pb 
The decreased estuarine particulate Pb concentration could 
result from the mixing of contaminated river suspensions with 
non-contaminated ‘preindustrial’ estuarine deposits. Recycling 
of such old sediments could occur either by various natural 
processes (for example, bank erosion, reworking due to channel re 
migration, tidal currents) or through human activities (such as 
dredging operations). To clarify this problem, we attemptedto 
determine the origin of the Pb by its isotopic composition. OOS 
It is well known that most of the Pb found in the environment. 


















over the past 10 years comes from alkylic Pb compounds added. 
to petrol for their antiknock properties. The isotopic com DSi 


ang 
of major Pb ores used in the manufacture of Pb alkyls. Chow 
has shown that, for economic and political reasons, the lead in- 
petrol originates from a limited number of mineral 
ores’”. Sevetal studies have demonstrated the feasibility c 
using the Pb isotopic composition to trace the source of PI 
pollution in different environments (glaciers, sedim 
estuaries), particularly in ponds (refs 16, 17 and F.E.-P. ¢ 
in preparation) and estuaries’. ee 








*°°Pb/*’Pb ratio in petrol from Paris in 1966 was 1.1 
19) (for clarity only this ratio will be discussed), . 





‘personal communication), Recent ° 


cette a ir E an ni ADAE yana ih asamp ite ientnabyAnssnungrme ere eTneH AALS MAO - 






a. -n 


$.S.A { aie 





Dordogne 


-40 


w 


ee 





Km 1000 


Turbidity | ZR | 
une 19817 | 


o-oo J 


r 1981 
October 1981 









1982 


Turbidity 
g.i-' 










Fig. 5 Turbidity (Q, June 1981, 
m, October 1981; @, October 
1982) and pH (@, October 1982) 
in the Gironde estuary, and surface 
specific area in the Garonne river 
and Gironde estuary (W, June 
1981; fk, October 1981). 
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anthropogenic Pb and natural Pb, for which an isotopic ratio of 
1.18 was found in preindustrial lacustrine deposits of the Pavin 
crater lake located very close to the drainage basin of the 
Dordogne and Garonne rivers (F.E.-P. et al., in preparation). 
A slightly higher value (1.1984) has been measured in an ancient 
deposit collected near Bordeaux which can be considered as 
representative of the Garonne sediment supply 5,000-7 £000 yr 





s from the particulate to the dissolved 


ified using particulate Pb speciation data; 








however there is no definite evidence as to where these processes 
occur, in the water column itself or in the temporarily deposited 
sediments. The decrease in total Pb content in the particulate 
matter is associated with a similar trend for Pb associated with 
carbonates and Pb in the exchangeable fraction. 

With regard to the water column, the decrease in carbonate= = 









estuarine mixing". 








Sample 206PpH/24ph 


, Loire 

| 17.955 + 0.012 

17.930 + 0.060 

17.774+0.019 

17.720+0.011 
18,06+ 0.04 
18.04 +0.04 


17.93 +0.03 


18.34+0.03 
18.45 £0.05 
18.47+0.04 


17.887 +0.010 
18.512+0.014 


Upper level 


18.753 + 0.002, 


207 Pb / toph 


15.505 +0.010 
15.660 + 0.040 
15.503 40.021 
15.248 +0.013 
15.65 +0.02 
15.64+0.03 


15.58+ 0.02 


15.63+0.02 


15.68+0.05 


15.57+0.04 © 
15.65 + 0.04 
15,649 #0.002 


15.571 + 0.007 
13.629 +0.012 
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208 DE j 204ph 


37.660 + 0.025 
37.80 +0.1 

37.473 + 0.058 

36.842 + 0.037 
38.06+0.10 
37.92+0.10 


37.85+0.10 


38.10 +0.05 

38.50 +0.20: 

38.350,15 
38.721 +0.006 


37.784 + 0.024 
38.523 + 0.031 


206ph, / 20 Pb 


1.1580 + 0.0004 
1.1448 + 0.0007 
1.1464+ 0.0002 
1.1624 + 0.0004 
1.1519+0.0015 
1.1527 +0.0016 


1.1514+0.0015 


1.1734 + 0.0008 
1,177 + 0.003 
1.185 + 0.003 
1.177 +0.002 

1.19841 + 0.00007 


1.14874 +0,00018 






Table 2 Particulate isotopic composition and particulate lead concentrations in various river and air samples ve 





Lower level 
Air : soe Ce ee z 
December 81 < > 
ENS dust e 
1 ee ee 15.55+0.04 
NBS standard SRM-981 





17.25 +0.05 


we 


16.903 + 0.003 





“1979-June 1982) estuary suspensions: laboratory dust collected at the 


park near Paris in 1982; Garonne, unpolluted Gironde. 


ber, however, that the decrease in particulate trace metal cannot 
be related to a corresponding excess in the dissolved phase 
because of the different residence time of sediment and water, 
and because the dilution of estuarine water by the tidal seawater 
influx is 30-500 times greater than the river discharge at the 
inlet. 


Pb removal 


Conversely, there is a striking decrease in total dissolved Pb in 
the upper estuary before the saline intrusion. This decrease is 
associated with a similar trend for organic dissolved Pb and 
could be due to selective adsorption onto particulate matter: 
organic dissolved Pb could be either adsorbed directly onto 
particulate matter and/or transformed into free/labile Pb. This 
\ transformation would be followed by the adsorption of part 
sof the corresponding free/labile Pb onto particulate matter. 





(SSA) of the particles increase in the tidal zone, leading to an 
increase in the number of adsorption sites and favouring the 
adsorption of Pb, which has a very high distribution coefficient 
(Kp 4.7 X 10* -9.1 x 105) in the Gironde estuary. Indeed, more 
than 90% of Pb occurs in the particulate phase. 


The observed decrease in organic dissolved Pb from the river. 


to the sea is not surprising. As Mantoura et al. have shown?! ; 


more than 99% of the humic material is complexed by Ca and 
Mg in seawater. Moreover, a decrease in dissolved organic 


carbon (DOC) has been observed from the river to the sea. In 
certain hydrological conditions (March 1978, June and October 
1981) the average river DOC is 2.2-3.5 mg I”! and decreases 
to 0.90.3 mg I at the river mouth. _ | 

__ We have not observed any increase in total particulate Pb 
“cause any adsorption is masked by the desorption from the 
‘arbonate and exchangeable fractions, but we have observed an 






increase of Pb in Fe-Mn oxide and organic fractions. Other 
studies*°? have indicated an increase in the Fe-Mn oxide phase 


_ due to coagulation of Fe and Mn as soon as the salinity becomes 
<- Significant. This process facilitates the incorporation of Pb into 


o -this fraction of the particles when they are transported upstream. 
== The phenomenon is accentuated by the fact that, together with: 
_ the carbonate fraction, the Fe-Mn fraction is the most Pb- | 












tticulate phase, 





13.56+0.05 
15.6640.03 
13.445 + 0.003 


y Pavin crater lake (Massif Central, France) cored sediments; river, Gironde estuary suspensions (March 1978 


“As Fig. 5 shows, the turbidity and the specific surface area 


recycling due to physical processes. 


1.18446 + 0.00027 9: 


37.49+0.13 1.101+0.001 


37.65+0,05 1.120+0.001 
_ L.150+0,010 


1000 
36,54 + 0.02 = tig ATS eE 





); Seine (1979) and Loire (April 


European Nuclear Society (ENS), Paris: filtered aerosols sampled at acar 


Pb cycling | Ne 
The observed decrease in particulate Pb from the river to the 
estuarine zone in the Gironde estuary cannot be explained by 
mixing processes of polluted river particles with preindustrial 
estuarine particles. A mobilization process is needed to explain- 
particulate Pb distribution. Several physicochemical processes, 
for example carbonate dissolution, competition with major sea- 
water cations and decrease in the excess electrical charge atthe 
particle surface, can explain the decrease. This mobilization 
occurs within the lower estuary either in the water column or _ 
in the temporarily deposited sediments where the particles are. 
depleted in Pb and subsequently transported above the salt 
intrusion where dissolved Pb can be adsorbed onto particles due 
to increased turbidity and SSA (adsorption zone) (Fig. 5). Mean- 
while, the mobilization processes are counterbalanced by Fe-Mn 
coagulation and Pb precipitation or coprecipitation. | 7 
A similar complex behaviour involving both mobilization and | 
removal processes has been observed by Morris et al. for Mn 
in the Tamar estuary**. In the case of the Gironde estuary, 
which is characterized by a long residence time for water and 
particles, these heterogeneous reactions become predominant. _ 
However, they can be overwhelmed by sediment transport and. 
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polytene chromosomes 
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A computer-based system for recording and analysing light microscope images, combined with classical cytogenetic _ 
analysis, has revealed the spatial organization of the giant chromosomes of Drosophila salivary gland cells. Each \ 


_ polytene chromosome arm folds up in a characteristic way, contacts the nuclear surface at specific sites and is topologically 


isolated from all other arms. 


ferret 


THERE is little direct observational evidence for a large-scale 
regular architecture in interphase nuclei (briefly reviewed in ref. 
1). Extensive indirect evidence for a determined structure comes 
from: studies of transvection’*, position-effect varie; ation” at 
chromosome rearrangements’'°, and ectopic pairing’ 

We have chosen to work with the polytene chromosomes of 
the Drosophila salivary gland for several reasons: (1) they are 
large, having gone through about 10 rounds of replication 

. without nuclear division, throughout which the homologous 
<> chromatids have remained in almost perfect lateral alignment, 
thus rendering the interphase chromosomes visible under the 
light microscope; (2) there are only five major arms (X, 2L, 
2R, 3L and 3R); and (3) they have a highly determinate pattern 
of ~5,000 condensed chromatin regions, known as bands, which 
have been catalogued in detail’** and which serve as a unique 
physical reference for correlation of structure to an extensive 
body of genetic data. By analysing nuclei in the paired glands 
of a single larva, variations due to differences in genetic constitu- 
tion, developmental state and sex are minimized. 
_ An initial analysis of one polytene nucleus was reported 
recently’. The present work incorporates several improvements 
over the previous study. The image recording hardware has 
_ been upgraded: (1) Images from the computer-controlled micro- 
“scope are now digitized directly from the video camera instead 
of from photographic negatives, thus avoiding alignment errors. 
(2) Each recorded image contains 512x512 pixels instead of 
-the previous 128X128; the resolution has thus been improved 
to the point where the chromosomal banding patterns can be 
read, and this allows us to make meaningful comparisons 
between nuclei (see Fig. 1). (3) The tracing of the chromosome 
pathways is now accomplished with an interactive computer 
modelling program, supplanting the half-silvered mirror and 
‘plastic sheets used before in a Richards’ box. In short, the input 
-data are of much finer detail, and the analysis is both more rapid 
and more. objective. The structural features elucidated in the 
“present investigation are consistent with the description of the 
overall morphology given in our previous study’. 
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We report here the analysis of a set of nuclei in the unfixed 
salivary glands of a Drosophila melanogaster larva. The appear- 
ance of striking organizational motifs based on a quantitative 
comparisons of the paths of the chromosomes implies the 
existence of an underlying order is present beneath the consider- 
able flexibility in the overall structure. 


Data collection and analysis 


The optical arrangement and computer hardware and software 
are described in detail elsewhere’: a a = as is the preparation of 
the salivary glands for microscopy'”'*. Briefly, salivary glands 
from late third-instar D. ae Zim larvae (Oregon-R, inbred 
for 38 generations) were carefully dissected into a buffer optim- | 
ized for preservation of chromosome structure’”'”, stained with 
the DNA-specific fluorescent dye 4’ ,6-diamidino-2-phenylin- | 
dole (DAPI), and mounted on an inverted, computer-controlled 
Axiomat microscope. By stepping the microscope focus through 
each nucleus in small increments, successive planes of the sample 
were brought into view (Figs 1, 2). These images were digitized 
and stored in the computer. A stack of 24 such images was 
taken for each nucleus. Using our Interactive Modelling Pro- 
gram, IMP’°, the paths of the different chromosome arms were 
traced out (see legends to Figs 1 and 2). These traces. constitute 
the model (Fig. 3) on which all subsequent computations were 
based. Models were built for 14. of the nuclei, 6.of which were 
analysed in detail. Figure 2 indicates the overall scheme for the 
data collection and transformations, and also points out some 
of the advantages of these novel techniques. 

The central question addressed in this study was whether th ae 
configurations. of the chromosomes within an interphase nucleus 
are in some way determined. If so, one expects that in a-single | 
tissue at a given time in. development, there will be similarities 
between these configurations in all the nuclei. To compare 
accurately the models derived from. these. nuclei, a set of para- 
meters was defined which describes various orientation-indepen-. 
dent properties of the paths: traced along the chromosomes. — 
These were plotted in a series of graphs as a function of cytologi- . 
cal position along the chromosome (for example, see Fig. 6). > 

Plots are presented as a function of cytological position, rather 
than linear position along the chromosome, because of cert | 
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Fig. 1 Two sample frames from the original data sets. Each 
represents the averaged digital image (512 x 512 picture elements 
or pixels) of 256 video frames. Twenty-four such images, compris- 
ing 24 successive focus steps through a nucleus, make up the image 
stack, and take about 4 min to collect. Each of the approximately 
6 million pixels in the stack has an intensity value of 0-255 
associated with it. The chromosome banding patterns visible in 
these preparations are virtually the same as those seen in unstained 
squashes. It is possible to roughly stage this gland at about PS7 or 
€. PS8 using the well established puffing sequence which characterizes 
“8 the late third-instar/ prepupal stages of development". a, A frame 
near the top of an image stack from a nucleus. At least partially 
visible in this plane are two telomeres (T). b, A frame in the middle 
of a stack from another nucleus: the chromocentre (CC) and part 
of the nucleolus (Nu) are visible. Some cytogenetic loci are indi- 
cated. Lines along the chromosomes indicate the model paths. 
Methods: Salivary glands from late third-instar larvae were dissec- 
ted into modified buffer A (60 mM KCl, 15mM NaCl, 0.4mM 
spermidine, 0.15 mM spermine, 15 mM PIPES buffer, pH 7.5)'° 
then stained in the same buffer with 100 ug/ml DAPI (Sigma) for 
ih. After washing, glands were mounted between bridged cover- 
slips sealed with paraffin oil. Samples were placed on a modified 
Zeiss Axiomat inverted microscope. Epifluorescence optics 
included a x 100/1.3 na. Planapo objective, a 420 nm dichroic 
mirror, and a 425nm barrier filter. Excitation was by the 
405 nm Hg emission line. Images were collected by a DAGE-MTI 
model 66 SIT camera and passed to an RCA TC1254 monitor as 
v well as to the Gould/ DeAnza 1P6400 image processor, The focus 
step size was adjusted so that the entire nucleus would be contained 
in 24 successive steps. A VAX 11/780 minicomputer controlled 
the focus through a Commodore PET microcomputer. Stepping 
of the focus, image averaging, and storage of images in the com- 
puter were all handled by IMGEDT, a general purpose image 
processing program'*. The IP6400, equipped with a Barco 
CD51HR colour monitor, was also used in the subsequent model 
_ constructions and analysis. These and all subsequent photographs 
of data were taken on a Dunn Instruments 632 Colour Camera 
System, 











inherent complications in the use of the latter. The length of 

the same arm from different nuclei is not necessarily the same, _ 

for several reasons. The proximal endpoints of the arms are not - 

well defined because the chromosomes are difficult to follow in 
the large, intensely fluorescing region where all the centromeres 
fuse (the chromocentre). Differences in the compression within — 
the arms themselves and smal] modelling errors also lead to 2 
variation. To circumvent this problem a set of fiducial marks — 
along the arms is needed which can be used to align the chromo- 
somes from different nuclei. Conveniently, these are provided — 
in the polytene banding patterns, for which detailed cytological 
maps exist'**, With these maps as a guide, the positions of- 

specific chromosomal regions within the intact nuclei could be 
determined (see Fig. 2 legend). Also, to facilitate comparisons — 
of quantities plotted as a function of cytological position, these _ 
marks (bands) were fitted onto a standard grid with intervening — 
points placed by linear interpolation (Figs 4-6). An important 
additional benefit of overlaying the cytology on the chromosome. 
paths is that it serves as a check on the correctness of the models. 


Visual inspection of nuclear models 


Several significant results can be gleaned from the models even 
without knowledge of the detailed cytology. The most obvious 
is that the chromocentre always abuts the nuclear envelope (Fig. 
1b). This is in agreement with what is seen in Drosophila early 
embryos™ and also in other organisms’®®. If this structure 
were randomly placed in the nucleus, one would expect to see 


it located internally in some of the nuclei, but this is never the. 


case. Whether or not it can slide along the nuclear surface cannot 
be determined from these data. There do seem to be limits on 
the extent to which it may roam this interior surface; in all the 
nuclei investigated, this structure is always in the outer hemi- 
sphere of the nucleus, that is, away from the lumen of the gland 
and towards the exterior. Interestingly, centromeres are polar- 
ized towards the outside of the embryo”, A large percentage 
of each chromosome also runs along the envelope’s inner sur- 
face. In most nuclei a large fraction of each chromosome is 
curled into a series of loops or irregular helices with the 
telomeres lying at the opposite side of the nucleus from the 
chromocentre (Fig. 35). In all nuclei where these rough helices 
are apparent for several turns, they are wound ina right-handed 
sense. 

Another striking feature of the models is the invariant confine- 
ment of each chromosome arm to its own topological domain; 
the arms never intertwine or knot around one another (Fig. 
3c). This is true despite the extensive, complicated interfaces 
between them, indicating that the chromosomes are not wound 
through the nucleoplasm at random. 


Quantitative analysis of nuclear models - 


It was quickly realized that simple visual inspection, even of 
rotated stereo models, would be of limited usefulness and could. 
in fact be misleading. Because these nuclei are far from identical, 
any further search for common features requires translating the 
models into a form which can be examined objectively. By — 
analysing various parameters that describe properties of the | 
modelled chromosomes, one can extract their salient structural 
features. The detailed derivation of these parameters and their — 
plots is given elsewhere'’®. We describe here the important ~ 
architectural features revealed by such an approach. These: 


include definable chromosome folding patterns, specific chromo- = 
some contacts with the nuclear envelope, and, less firmly estab- a 
lished, a hierarchy of preferred chromosome arrangements = 


within the nucleus. In all cases, these elements can be referred 
to specific. cytogenetic sequences, making the investigátion of- 
structural organization at once more precise and more readily 
related to functional aspects of the nucleus. is 
Folding patterns of individual chromosomes. As the chromo- ~ 


some cable folds up in three dimensions, certain points which ae 
are well separated along the axis of the chromosome may . 
approach each other quite closely in space. Such interactions zo 
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7) Figp2 The overall scheme of the study. The structural information of each nucleus was analysed in situ. a, The sample gland: O, nuclei for 


- which data were collected and preliminary models built, @, nuclei used in this study, Fluorescently stained chromosomes. were imaged using 
-a high-resolution objective lens with a shallow depth of focus. Incrementing the focus in regular steps through a nucleus effectively sliced it 
into a-stack of images (b). The pathways of the different chromosomes were then traced using the program IMP*5, which moves a cursor 
within the data stack and uses it to place points along each arm. The vectors connecting these points defined a ‘stick-figure’ model (c): The 


a < model lines traced over the data set (see Fig. 15) 


indicate to which path each piece of chromosome belongs, simplifying the cytological 


ees determination. Typically 25-35 bands, distributed all along the arm, were noted on the model, This was done for each arm: Chromosome 





pathways were then analysed for several properties, which are represented in a series of graphs (e). After the axes were normalized to the 

-known banding pattern, these graphs were used to compare chromosomes from different nuclei. A crosshair (shown ine) marks the positions 
inthis plot which correspond to locations on the model. The regions in the model which gave rise to the targeted feature are marked in d by 
the two dots. CC, Chromocentre; T, telomere. The structural information of each nucleus goes through three successive abstractions: nucleus 
to image stack, then to curves delineating the chromosome paths, and finally to parameters describing properties of these curves. The 


computational analysis is focused on this final level, but any feature can be evaluated at any level. 


can be visualized. graphically in an intradistance map**. The 
=. distances between the three-dimensional positions of all pairs 
of points on a chromosome are measured, that distance is then 
subtracted from a cutoff distance and the resulting value is 
plotted in a two-dimensional map. Distances larger than our 
cutoff distance of 8 pm are plotted as zero in the map. In these 
plots, both axes represent cytological position along the chromo- 
some, the centromere being at the origin. The value plotted in 
an intradistance map is greatest for points which are close 
together and linearly approaches zero for larger separations. 
An interaction between points which are not immediately con- 
--tiguous along the arm will appear as a non-zero region located 
> off the diagonal in the map (illustrated in Fig. 2d,e). Note that 
distance is measured from the chromosomal midlines defined 
by the model and that the chromosomes are, on average, 3-4 ym 

~ wide. 3 
= ~ At first inspection, the intradistance maps of the same chromo- 
> some in different nuclei seem quite divergent. Nevertheless, 
common features in the set of six intradistance maps for a given 
chromosome arm are found when an appropriate statistical 
operation is performed on the collection. The operation we use 
calculates a generalization of the median value, called the rank 
order value; the rank =» value is the nth highest value in a 
distribution of values. The value for each point in a rank plot 
is derived from the distribution of values of the equivalent point 
1 the original maps. In a rank = 4 plot prepared from a set of 
intradistance maps, each non-zero patch marks an area of con- 
served intrachromosomal apposition; at least four of the six 
muclei studied have the corresponding chromosome regions 
apposed as close as or closer than is represented in the patch. 
Conserved regions are found throughout all of the arms. In Fig. 
4, for example, a rank-ordered intradistance plot of the X 





















chromosomes shows a series of bars extending perpendicular to 
the diagonal. This kind of graphical feature is the hallmark of 
a loop in the model path and can be characterized by both its 
length and its location on the chromosome (Fig. 4b). A series 
of such loops is seen in the consensus structure of X. By evaluat- 
ing such statistically ordered graphic signatures for each chromos. 





some, it is possible to obtain an idea of their preferred configur- P 


ations. The patterns are rather more complicated for the other 
chromosomes, and we are in the process of determining precisely 
what folded structures are represented in each. The results of 
this analysis will be published elsewhere. The data indicate that 
a basal set of characteristic local conformations is available to 
each arm which is nonetheless compatible with considerable 
freedom in the global structure. ia. 8 
Spatial relationships between different chromosomes. In con- 
trast to the above intradistance plots, pairwise comparisons 
between different chromosome arms (interdistance plots) reveal 
very few, if any, specific interactions in this collection of nuclei. 
Only the 3L versus 3R diagram (at rank =3) has an area of 
contact which is moderately conserved, centred at 72CE of 3L | 
and 88AB of 3R (data not shown). The interdistance plots can 
still be used to obtain an idea of the nearest-neighbour relation- 
ships of the five chromosome arms for each nucleus. This is 
done simply by counting the number of close approaches in 
each pairwise comparison plot. Certain arrangements, although 
not unique, are seen much more frequently than others. The 
clearest examples are: the arms of a given metacentric chromo- 
some are usually next to each other, 3L is always far away from 
2R except at the telomeres, and most of the X is well separated —__ 
MOMOR 2 ys. 2 kines eee Ce ee ok E Gore 
These preferences are confirmed in a related set of 


Here, we consider each point along a particular chromosom 
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Fig. 3 a, b, Stereo pairs of two of the nuclear models, (Note that 
stereo glasses will reverse the handedness.) Corresponding 
chromosomes in the different models are assigned the same colour 
(green = X, orange = 2L, blue =2R, purple = 3L, light blue = 3R). 
Models can be manipulated in several ways for visual inspection 
including rotation in near real time, selective blacking-out of 
sectors and chromosomes, and marking of cytological features. In 
a the telomeres (MB) and chromocentre termini (+) are indicated 
to highlight the Rabl orientation*®. In b the active puff sites for 
glands at this developmental stage have been indicated by small 
squares”’. c, The 3L and 3R chromosomes from b are shown with 
all cytologically identified sites marked with small squares. Confine- 
ment of individual chromosome arms to séparate topological 
domains is illustrated in this view; while the chromosomes press 
together quite closely they do not wrap around one another. 





Fig. 4 This plot was used to evaluate the most common folding 
motifs which characterize the packaging of the X chromosome in 
the nuclei; it was derived as follows. First, the intradistance plot** 


for each of the six X chromosomes was determined from ago 


three-dimensional model. In such a piot the ordinate and abscissa 
are identical, representing cytological position along the chromo- 
some, the centromere at the origin; what is displayed (a) is a cutof® 


distance (8 pm) minus the distance in space between each pair of. 


points on the chromosome, distances larger than the cutoff being 
plotted as zero. Contour lines were drawn immediately at every 


step of 1 pm from the cutoff at zero up to the maximum at 8 ams 


Points immediately contiguous along the axis of the chromosome 
are necessarily close together in space; these together form. the 
diagonal region in the plot which has the maximum value. Non ~Z8TO 


areas off the diagonal represent regions on the chromosome which 


are close in space and thus indicate the chromosome’s. folding 
pattern (see Fig. 2d,e for example). The second step was to consider: 


the plots for all of the X chromosomes together in order to find 
their common features amidst the ‘conformational noise’. The | 
values at each position in the six original intradistance plots were ci 


sorted in order of descending value. The largest value was given 
a rank = 1, the smallest a rank = 6. A ‘rank-ordered’ plot was then 
composed using for each position in the two-dimensional plot the. 
value that falls in the chosen rank. The plot shown uses the rank = 40. 
values for all positions in the graph, thus in four out of six nuclei, — 
the chromosome points represented at each position are as close 
as or closer than shown in the plot. The bottom part of the figure 
(b) represents our interpretation of the rank-ordered plot for the. _ 
X chromosome, showing the location of folding features. Feature 
centre (v), interior (---), ends (# # #). The features centred 


at the start of numbered divisions 3, 5, 9 and 12 are typical loops 


or foldbacks. Note that some, but not all, of them overlap. oe 
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Fig. 5 Proximity of different chromosomes. a, Each plot shows 
the fraction of the indicated arm which falls within a 5 pm radius 
of each point on X. The vertical scale (two squares) equals 40% 
of the full length of an arm. Cytological position on the X chromo- 
some is plotted along the abscissa: cc, chromocentre, T, telomere. 
Each graph includes plots from all six nuclei. b, The analogous set 
of plots for 2R. Evident in these plots is the preference of certain 
arms for particular neighbours, for example 2R versus 2L. In some 
cases there is a restriction of the apposition to subchromosomal 
regions of one or the other arm, as in X versus 2R in a 


and ask how many points from a different chromosome fall 
Within a certain distance from it. For example, in Fig. 5a, points 
along the X chromosome are plotted along the abscissa. The 
_ value associated with each point represents the number of points 
on the interpolated path of another chromosome which fall 
_ within 5 um of that position on the X; results for all six nuclei 
_ are superimposed. There is a distinct grouping of apposed sites 
-inthe plot of X versus 2R, suggesting specific and limited regions 
_ of X which interact with ZR. However, for the reverse com- 
_ parison, that is, each point along 2R versus all points in X, no 
_ specific regions of interaction on 2R are noticeable (Fig. 5b, 
_ bottom curve). We interpret this to be a consequence of the 
_ particular folding of the X chromosome and the interface of this 
olded figure with the 2R domain, if the X generally exposes 
ertain portions towards ZR, circumscribed areas of contact on 
X would be expected. 2R, on the other hand, may place a greater 
variety of sites towards its X neighbour. 
-It appears that the chromosomes are packaged nonrandomly 
Aithin the nucleus but without a determined set of pairwise 
nteractions with specific sites on their nuclear neighbours. A 
veat to this interpretation is that we have implicitly equated 
cific ‘apposition’ with ‘interaction’. While this is probably 
din most instances, it does dismiss longer range and indirect 
reractions. For example, it is well known that ectopic fibres 
can sometimes reach enormous lengths, particularly in 
hironomu where fibres.as long as 45 pm have. been observed 
unsquashed nucle ee | 















Fig. 6 a-d, Plots of the distance from cytological points along a 
chromosome to the nuclear surface. Full scale on the vertical axis 
is 10 wm, Each horizontal division corresponds to two numbered 
cytological divisions, with the chromocentre.at the left. Conserved 
contacts are indicated by arrows. a, Superimposed graphs for the . 
six 2L arms. b, Superimposed graphs for the six X chromosomes. 
c, d, Several of the contributing X chromosome. plots are shown 
individually. 4——4 Indicates regions with strong similarities. 
The surface is represented by a convex polyhedron tangential to 
the model at each of its facets, as described in the text. A simple 
algorithm for generating the facet planes is described by Mathog’®. 
The distances plotted here were measured from each point along 
the chromosome arm to the closest point on the polyhedral surface. 


Arrangement of chromosomes in relation to the nuclear surface. 


The role of the nuclear envelope has been emphasized in several ~ ; 


models of nuclear organization**°*. Evidence supporting these 
models includes surface associations of chromosome ends’’?*, 
ectopic fibres”’, and replication complexes”. Accordingly, we 
were interested in determining how the chromosomes in our 
models were positioned with respect to this structure. 

The chromosomes are intimately associated with the nuclear 
envelope at many points over its entire inner surface; this can 
be verified directly using phase or Nomarski optics or by specifi- 
cally staining the envelope. The parts of the chromosomes closest 
to the envelope thus define a convex boundary equivalent to 
the inner surface itself. This boundary is evident in Fig. 1. A 
close approximation to this surface can be constructed from 
several hundred planes which are tangential to the model’®. 
This is equivalent to inscribing the model within a multifaceted 
polyhedron. The minimum distance from this surface to each 
point along a chromosome is then calculated and plotted (Fig. 
6). Figure 6a and 6b, for example, shows the plots of the six 
corresponding 2L and X chromosome arms, respectively. There 
are many regions that vary quite freely. On the other hand, 
points that show a close convergence of lines indicate anonran- — 
dom relationship of the loci to the nuclear surface. These rela- 


tively fixed points are almost all located on the nuclear surface a 









and are nearly all at loci have previously been singled out f 
several structural peculiarities. These spe ea! ; 


tively referred to as intercalary he 





Fig. 7T Features. charac- 














teristic of intercalary hetero- 
chromatin compared with 
conserved surface contact 
sites. Each horizontal scale 
is divided into the 120 let- 
tered cytological sub- 


divisions for each chromo- 
some arm; the first square x 


ew RNHR 


of each numbered division 
is filed. Weak points (W) 
and ectopic pairing points 
(E) are shown on top scale; 
these data are from ref, 12. 
Their frequencies of 
observation have been bin- 
ned here into steps of 10% 
(Wand 1% (E) (intermedi- 
ate values rounded to next 
highest bin). Grey bars indi- 
cate regions where they 
made no observation. Our 
surface contact sites are 
shown on the corresponding 
bottom scales. Large solid 
bars indicate surface apposi- 
tion in six out of six nuclei, 
small solid bars in five out 
of six nuclei with the sixth 
at a peak in the distance to 
surface plot, and large 
broken bars mark all other 
cases of five out of six. The 
pair of small broken bars at 
3C and 4D indicates that 
either site is on the surface 
to the exclusion of the other. 
The chromocentre (CC) 
and telomeres (T) are 
marked. The resolution of 
the surface sites is about one 
lettered subdivision. Data 
for the 2L and X chromo- 
somes are shown in Fig. 
6a, b, 


frequent ectopic pairing, late replication, a strong tendency to 


¿Split or break in squash preparations, and a proclivity for 
chromosome rearrangement'''!*. Figure 7 summarizes these 


contact sites and compares them with regions of the chromo- 
somes containing intercalary heterochromatin. There is a strong 
correlation between the conserved surface sites and the inter- 
calary heterochromatin regions. The surface contacts may result 
from the formation of particular chromosome configurations, 
or they may actively determine these configurations; we cannot 
distinguish between these alternatives on the basis of our data, 

When one compares the plots of one particular arm from 
different nuclei, some regions (as much as two-thirds of the total 
length) often show strikingly similar relationships to the 
envelope; Fig. 6c and d give two examples of this. The simplest 
explanation for such strong pathway homologies between seg- 
ments of chromosome arms in different nuclei is that there is a 
small set of folding conformations which can be assumed by 
particular segments; thus in any group of nuclei several different 
but nonrandom patterns will be observed. In any case the plots 
do show that many parts of the chromosomes do not haphazardly 
contact the membrane. 


Discussion 


From the data presented here, a detailed three-dimensional 


San -picture of an interphase nucleus, with features down to the level 


| pecific cytogenetic banding pattern, begin 


s to emerge. 
the architectural arrangement. ret | i 


a significant 












_ the completion of the last embryonic mitosis. The Rabl o 
_tion is generally thought to reflect the. configur 








degree of flexibility, but at the local level the configurations and 
dispositions of the chromosomes are quite narrowly circum- 
scribed. Chromosomes fold up in highly characteristic ways; 
usually in a series of specific loops of definable length and 
position which often form roughly helical structures. Their cen= 
tromeres, fused into the chromocentre, stick to the nuclear 
envelope’s inner surface probably within a restricted area while - 
their telomeres tend to congregate around the opposite nuclear 
pole (the Rabil orientation”®). The curling and twisting arms 
respect strict topological boundaries with respect to one another, : 
in no instance wrapping around a neighbour. Some preference | 
for certain nearest-neighbour arrangements is also seen, Finally, 
several nonrandom contacts with the inner nuclear surface are 
made by chromosomes as they pack into the outer regions g 
the nucleus. ae 
The confinement of chromosome arms to separate topological 
domains is a striking result and one which does not necessarily 
follow from the other features of order which we have found, — 
How might this strict separation be maintained? The way in 
which the individual arms fold up, perhaps involving ectopic 
fibres, may preclude their interweaving. Another possibility 
the specific scaffolding of individual arms within the nuclear sap 
to a protein matrix or to the nuclear envelope. > 
Perhaps the domain restrictions can be best understood 
stable arrangement of the chromosomes established shortly 
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ence of the chromosome arms can be viewed. as a 


ral extension of this idea. There are several precedents for 


imitation on interphase chromosome movement that would 
quired by such an interpretation”? **. 

ie specific chromosome~envelope touchpoints almost all 
‘to sites of intercalary heterochromatin’? (Fig. 7). Hetero- 
matin is known to aggregate near the nuclear surface in 



























rochromatin are tightly attached to the nuclear membrane. 
s possible that the sites catalogued here may also serve as 
cific anchor points to the nuclear envelope. Approximately 
of the sites of strong ectopic pairing (>3 bars in Fig. 7), 
glecting the extreme proximal regions of each arm, are found 
be conserved surface points. Why one subset of intercalary 
rochromatin sites should be preferentially on the surface 
while the rest are not is unknown. Because of the limited number 
of nuclei included in this study we cannot distinguish by our 
criteria between sites which are not strongly conserved and sites 
which are not conserved at all. 

_ From the intradistance plots, conserved regions of folding can 
be observed within each of the individual arms, the most com- 


mon motif being the loop. The loops could be the consequence 
of ectopic fibre connections or simply the mechanical charac- 
teristics of the synapsed chromosomes themselves. The pattern 
of attachment points on the envelope may also be important. 
A preliminary survey of weak points in the original data sets 
strongly argues for some kind of mechanical role for these sites 
as they are often at very tight bends or strong twists. 

_ The picture outlined here is probably a rather conservative 
estimate for the order which actually exists in vivo. A funda- 
mental assumption of this study has been that if a specific 
arrangement of chromosomes exists, it should be reiterated in 
‘most or all the nuclei of a given tissue. There are, however, 
almost certainly some differences between cells in different 
portions of the gland’. Furthermore, the gland at this develop- 
mental stage (about PS7-8) is going through a conspicuous series 
of changes in its puffing patterns and also in its gross mor- 
phology°?”, and unless these changes are entirely synchronous, 
additional cell-cell heterogeneity will be introduced. 

_. Other possible sources of variation must be considered. If the 
chromosome conformations are very labile, we may have caught 
the different nuclei of the sample gland at various points in a 
spectrum of conformations. To test this, a living gland (by the 
criterion of Trypan blue exclusion at the end of the test period) 
was continuously viewed by phase contrast optics over several 
hours. Pictures were taken at regular time intervals. No change 
_in position of any chromosome region could be detected when 
he frames were compared (data not shown). This suggests that 
arge rearrangements do not take place in the living gland over 
“period of several hours. Neither could any disruption of the 
uclear contents be detected over a long period of time in the 
uffer conditions used to collect the image data. Moreover, 
hese glands have not been fixed and thus are not subject to 


‘well documented artefacts which fixation regimens can 
ee 




















o constructs them even though different model builders’ 
ament of points within the 3-4 m-thick chromosomes may 
' slightly. One nucleus was modelled independently by two 
‘The resulting reconstructions differed in only trivial ways 
one another, and more importantly, the resulting quantita- 
slots were virtually indistinguishable. — 
more difficult problem in this analysis concerns the small 
mple size. There is no good foundation for predicting a random 
of conformations as a statistical control, as we know very 
about the boundary conditions. The restricted volume of 











sin which the chromosomes can 


of course, a major 
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in tissues*°°°. Skaer et al?’ noted that the patches of ° 
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A more radical rationale for determined configurations of 
chromosomes in the nucleus is that they are involved in gene 
expression. As few tools have previously been available to test 
this idea, the evidence is rather scant. We can now identify a 
large number of loci in their unperturbed three-dimensiona! 
context, providing a means of studying this problem. One 
straightforward approach would be to analyse the locations of 
known active loci as a function of developmental time. The glue 
protein genes and the ecdysone-induced puffs would be the first 
choices in such experiments. Indeed we have begun to measure 
the spatial relationships of the latter group in the present data 
set. Several other issues are also being examined, among them 
the spatial distribution of specific chromosomal proteins (as 
revealed by monoclonal antibodies) associated with active 
sites? 45, 
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FOR obvious reasons, it is important to know how neurotrans- 
mitter receptors and channels function in human brain neurones; 
but these cells are not easily amenable to the necessary experi- 
mental approaches. One possibility would be to culture human 
brain cells’? and study. them with electrophysiological and bio- 
chemical techniques’. Alternatively, one might purify the 
-receptor and channel proteins from human neuronal mem- 
branes, and study their function after incorporation into artificial 
membranes, as has been done with other systems”*. We decided 
on a different approach, one that may allow us to study not 
only the functioning of receptors and channels, but also the way 
in which their constituent proteins are synthesized, processed 
and incorporated into the cell membrane. Essentially, the 
-~ method consists of isolating messenger RNA (mRNA) from the 
human brain, and injecting it into oocytes of Xenopus laevis. 
This induces the appearance of receptors and channels in the 
oocyte membrane, in the same way as was done previously with 
mRNA from chick? or rat!*!? brains. 


Membrane channels induced by mRNA 


Injection of mRNA derived from fetal human cerebral cortex 
into Xenopus oocytes caused the synthesis, and incorporation 
into the membrane, of channels which could be activated either 
by drugs or by voltage changes. These included voltage operated 
sodium channels (Figs 1,2), and receptor~channel complexes 
activated by serotonin (Fig. 3) and kainate (Fig. 4). All of them 
resulted from the injection of exogenous mRNA, since most 
injected oocytes gave responses, whilst control (non-injected) 
oocytes from the same donors did not show responses (Table 1). 
Two further lines of evidence indicate that the proteins form- 
3 ing these membrane channels arose directly from the translation 

of the human mRNA by the oocyte, and not because the injec- 
tion of foreign mRNA caused the oocyte to transcribe the 
appropriate messengers from its own genome. First, oocytes 


<- developed the voltage- and drug-activated responses even after 


: they had been exposed continuously to actinomycin D (50 pg 
ml!) to inhibit synthesis of mRNA‘. Second, the Fesponses 
Į di velop red i i 





_ Messenger RI VA from human brain induces 

drug- and voltage-operated 

channels in Xenopus oocytes 
C. B. Gundersen, R. Miledi & I. Parker 


Department of Biophysics, University College London, Gower Street, London WC1E 6BT, UK 


Sodium channels and receptors to serotonin and kainate were ‘transplanted’ from human brain into frog oocytes, 2 
isolating messenger RNA from a fetal brain, and injecting it into Xenopus laevis oocytes. The mRNA was translated 
by the oocyte and induced the appearance of functional receptors and channels in its membrane. This approach rende 
drug- and voltage-operated channels of the human brain more amenable to detailed study. 
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Voltage-activated sodium current 


A few days after injecting the oocytes with human cerebr 
cortex mRNA, depolarizing pulses elicited an inward membrane 
current (Fig. 1a). In contrast, non- injected oocytes from these 
a showed predominantly passive (ohmic) currents. Figure 
1 illustrates the current-voltage relationship for the inward 
current. The current first became detectable when the mem- 
brane potential was stepped from — 100 to about —40 mV, and 
increased with increasing depolarization to reach a maximum 
at about —10 mV. With further depolarization the current 
declined, and was reduced to about zero at a potential of 
+60 mV. ae 
The peak amplitude of the inward current elicited by 
depolarization was reduced if external sodium was. partially 
substituted with Tris or tetraethylammonium ions. Furthermor 
tetrodotoxin (TTX) readily abolished the inward current (com 
plete block with 300 nM, half block with 10 nM). All this i ind 
cates that sodium is the main ion responsible for the inw 
current. Manganese (5 mM) also reduced the inward curren 
but this effect probably arises from a change in the characteristi 








“The ene of the sodium current in oocytes in jected 
human cerebral cortex mRNA often showed two time cou 
For example, in the upper record in Fig. 2a, the currents 
an initial rapid decline, followed by a slower decay. Dut 
repetitive activation, the slow component of the decay ‘fati. 
more readily than the fast component. This is evident in F 
where two depolarizing pulses of 900 ms duration to a po 

of —10 mV were separated by an interval of 100 ms. Th 
component was strongly reduced during the second pulse, h 
the fast component appeared little changed. a 

Sodium currents induced by rat brain mRNA show a ‘sir 
two-component decay’', but with a time course app 
three times faster. Mean values for the half decay time 
currents measured in oocytes. from the same donor (at 








sand 12-15 om were: npea cortex, 1S. T + 3 1 





Human 
cerebral Human - 
cortex cerebellum Rat brain Control 


68412030) 641.715) 33224023)  0(8) 








6 (23) 0 (14) 331457(23)  0(8) 













(2243.6(29)  174#5(14) 3414107(24) 1543.5(8) 


60+ 12.(19) 2 (8) 6252126(4) 0(6) 
[1077M] [1077M] [1077M] [1077M] 
o 124 (20). 3+1 (11) 18 (4) 0 (6) 
(107? M] fi077M] [0M] 1107? M] 
250 (1) 
[1077M] 
(12) 0(7) 277414314) 0 (6} 
10° M] f po? M] [107* M] [io] 



























































fumbers give peak current responses in nA, with standard ¢ error of mean, and 
ar of oocytes in parentheses. In the case of drug-activated currents, measure- 
were made at a clamp potential of ~ 60 mV, and the drug concentrations 





he peak current elicited by depolarization to a potential of — 10 mV from a 
ding potential of ~ 100 mV. Similarly, the potassium current and the transient 
ward (Toa) current were measured ‘for depolarizations to, respectively, +40 
LO mV. All oocytes, including controls (non-injected), were obtained from the 
ame two donors. Temperature, 12-15°C. 








iffects of toxins 
he sodium channels induced by human mRNA in Xenopus 
oocytes were blocked by TTX and were affected by veratrine, 
as are the sodium channels in nerve membranes'”. For instance, 
he sodium current is normally inactivated almost completely 
during | long depolarizing pulses (Fig. la). In contrast, after 
veratrine some inward current remains during pulses lasting 
1 any seconds. Figure 2b, c shows currents elicited by depolariz- 
ions to OmV before. and after adding veratrine (0.5 mg ml” +) 
o the perfusion fluid. In the presence of veratrine a maintained 
nward current persisted throughout the depolarization, while 
the initial transient inward current was slightly smaller and 
howed a faster decline (Fig. 2b). The most striking effect was, 
10wever; seen when the oocyte was repolarized. Normally, no 
odium-dependent tail currents were apparent when the mem- 
yrane was repolarized, but a few minutes after adding veratrine 
‘ge and. slowly decaying current relaxations were recorded 
2b,c). Both the inward tail current and the maintained 
-current during depolarization were blocked by TTX, 
itine is also known to modify sodium channels in nerve 
branes!” but caused no obvious changes in the sodium 
n the oocyte, even at a concentration of 5 x 10°*M. 
pion venom (Leiurus quinquestriatus) reduced the 
m peak sodium current evoked by depolarizing pulses 
aused the appearance of a TTX-sensitive current which 
tained throughout the depolarizing pulse. In contrast 
ne the maintained current caused by scorpion venom 
idly turned off when the membrane was repolarized. 


— venom 1 resembled those seen in frog and 














rrent. ue +, Oo 

m current was: pe ER with the Hectrien! 
of the oocyte. However, when inactivation was 
ee trine it became iene? to elicit E E 


in square brackets. The voltage-activated sodium current was measured - 


‘injection into oocytes. ‘of X. laevis, were as described pres 
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Fig. 1 Voltage. dependence of the inward sodium current, in an a 
oocyte injected with human cerebral cortex. mRNA. The holding. 

potential was ~100 mV in all cases. Temperature, 15.5°C. a, 
Membrane currents elicited by depolarization to potentials of — 50, 

~—30, ~20 and ~10 mV. The response increased as the potential 

was made more positive. b, Currents elicited from the same.oocyte — 
at potentials of +10 and +40 mV. The inward sodium current) — o0 
was smaller at +10m¥V than at ~10-mV, and was grer d a 
at +40 mV. c; Current-voltage relationship for the peak a 
of the sodium current, measured in the same oocyte, “Measu 
were made by subtracting the. currents elicited at each voltag 
before and after. addition of ‘TTX, (313 nM) to the perfus 101 9 
solution. ir 
Methods: Procedures. for isolation of poly(A)” mRNA. and its a. 
















viously!°!?"_ Rat brain mRNA was obtained from Wistar rats, _ 
and human brain mRNA was isolated from the cerebral cortex of 
a 15-week-old fetus, Oocytes were voltage clamped and perfused © 
with Ringer solution at 11-15°C (refs 9-12). Most experiments 
were made. on. oocy hich had been treated with cia 

| M lar and other ones cells”? | 




















= Membrane potential and serotonin current 








- Fig. 2 Effects of repeated stimulation and of veratrine on the 
decay of the sodium current in oocytes injected with human cere- 
bral cortex MRNA. a, Superimposed records showing membrane 
currents elicited by a pair of depolarizing pulses to —10 mV, from 
a holding potential of — 100 mV. Pulse duration was 900 ms and 
the pulses were separated by an interval of 100 ms. The oocyte 
had been injected with human cortex mRNA and was treated with 
collagenase. Temperature, 15°C. Calibration bars, 50nA and 
10 ms. b, c, Effects of veratrine on the sodium current elicited by 
a depolarizing pulse to 0 mV. Calibration bars are 50 nA and 50 ms 
in b and 100nA and 200 ms in c. Traces marked R and V in b 
were obtained respectively before and after adding veratrine 
(0.5 mg mi~'), whilst the trace in c shows the tail current in the 
presence of veratrine on a slower sweep speed. d, Action potential 
elicited in the presence of veratrine from the same oocyte as in 
b, c. Traces show (from top to bottom) OmV potential reference; 
membrane potential; and current injected into the oocyte. A steady 
current was passed to hold the membrane potential at about 
—100 mV, and responses are shown to a series of depolarizing 
current pulses of increasing intensity. The largest pulse triggered 
a graded regenerative response. Calibration bars, 20 mV (mem- 
brane potential), 500nA (current monitor). and 500 ms. Tem- 
perature in b~d was 12°C. 


nature of the currents (Fig. 3). In these respects, the responses 
are quite different from the smooth currents elicited by activa- 
tion of y-aminobutyric acid (GABA), kainate or nicotinic 
acetylcholine (ACh) receptors incorporated into oocytes follow- 
ing injections of the appropriate mRNA??? They do, 
however, resemble the oscillatory currents elicited by serotonin 
in oocytes injected with rat brain mRNA?°, as well as the 
currents elicited by activation of muscarinic ACh receptors?! 
and glutamate receptors'*. In the present experiments, applica- 
tion of ACh and glutamate to oocytes, which showed good 
sensitivity to serotonin following injection of human mRNA, 
did not elicit any appreciable currents. Thus, the serotonin 
_ responses probably involve a specific serotonin receptor. 

The serotonin response was abolished by low concentrations 
(<10°M) of methysergide, a serotonin receptor antagonist?? 
(Fig. 3a, b). The blocking action of methysergide appeared to 
be either irreversible, or only slowly reversible, since responses 
to serotonin were still blocked even after washing for an hour 
or more. 7 : 
In contrast to the powerful blocking action of methysergide, 
_ the serotonin antagonists cyproheptadine and ketanserin?" did 
fot appreciably reduce the size of the response to 107°>M 
serotonin when applied at a concentration of 107° M. Lysergic 
_acid diethylamide (2 x 10~° M) reduced, but did not completely 
abolish, the response to 5 x 107’ M setotonin (Fig. 3c, d). 


The oscillatory currents ind 





Fig. 3 Oscillatory membrane currents elicited. by serotonin 
oocytes injected with mRNA from human cerebral cortex. A 
records were obtained with the oocytes clamped at a potential « 
~60 mV so as to be away from the equilibrium potentials f 
sodium, potassium and chloride ions”. Serotonin was applied. 
bath perfusion, beginning and ending as indicated by the arraws 
a, Response to serotonin recorded from an oocyte in normal 
Ringer's solution, b, Lack of response when serotonin was applied 
in the presence of methysergide. The bar indicates the duratio 
of methysergide application. The concentration of serotonin we 
10°°M in both records, and the concentration of methysergid 
was 10°°M. Temperature 14°C. c, d, Reduction of size of th 
serotonin response by lysergic acid diethylamide. Serotonin wa 
applied at a concentration of 5x10°’M in both records, and 
lysergic acid diethylamide was added at a concentration of 2: 
10°° M for the time indicated by the bar in d. Temperature, 11 ‘CF 








~ 20 mV, which corresponds to the chloride equilibrium poten- 
tial in Xenopus oocytes”. The equilibrium potential of the 
serotonin currents in oocytes injected with rat brain mRNA is 
also similar’”. Thus, chloride is the main ion flowing through 
the channels activated by serotonin. =< ce 
Depolarization beyond the equilibrium potential gave larger 
serotonin currents than corresponding steps in a hyperpolarizing 
direction, similar to the rectification seen with serotonin currents 
induced by rat brain mRNA”. This effect probably arose as a 
result of a voltage-dependent closing of the serotonin-activated 
channels, since a hyperpolarizing step applied near the peak of 
a serotonin-activated oscillation initially gave an increase 
membrane current, which subsequently declined over. a tim 
course of a few hundred milliseconds. EMS 
Kainate receptor channels he 
Application of kainate to oocytes injected with human ce 
cortex mRNA elicited inward membrane currents (Fig. 4. 
responses did not show oscillations, and were well main 
during kainate applications lasting several minutes, W 
observe clear responses to glutamate, even when applied 
concentrations (107? M) to oocytes which had a high se 
to kainate. This shows that in humans, as in rats’, th 
kainate receptor which is distinct from glutamate recept 
Currents elicited by different doses of bath-applie 
are illustrated in Fig. 4. The minimal concentration reqr 
give detectable responses was higher than for seroto 
example, the oocyte illustrated in Fig. 4 gave a just d 
response at 1077 M kainate, while a concentration of 5% 
gave a maximal response. At low doses of kainate, a d 
in the concentration more than doubled the peak size 
response. E 
The reversal potential of the kainate-induced cur 
mated by stepping the membrane to different pote 














__ and during steady kainate application) was about 
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Current (nA) 
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i, EREE CAE MEE el Wa! E T 0 E RRND: SOM en es 
gs 1074 107? : 
Fig. 4 Membrane currents elicited by kainate in an oocyte pre- 
_ viously injected with human cortex mRNA. All records were 
_ obtained at a clamp potential of — 60 mV. Temperature, 14 °C. a, 
_ Responses to different concentrations of kainate, applied for the 
-durations indicated by the bars. b, Dose/response curve for kain- 
ate, measured from the same oocyte as a. The peak current ampli- 
_ tude is plotted against kainate concentration on a semi-logarithmic 
ea scale, 


rent-voltage relationship of the kainate-induced current was 
close to linear, which is similar to that of the kainate receptor 


induced by rat brain mRNA”. 


Human and rat membrane channels 

Oocytes from two donors were injected with three different 
IRNA preparations, derived from fetal human cerebral and 
‘ebellar cortices, and from rat brain. The extent to which 
yese particular messenger preparations led to the expression 
inctional drug- and voltage-activated membrane channels 
ered markedly (Table 1). 






















sltage-activated responses, except for a small transient 
vard current’*. In contrast, oocytes injected with rat brain 








from. human cerebral cortex was less effective. 


-activated sodium current, but all were smaller than that 
vith rat brain mRNA: Furthermore, there were no detect- 
voltage-activated potassium and transient outward cur- 








ther putative transmitter substances tested. Oocytes 
with mRNA from fetal human cerebellum showed little 
t of drug- or voltage-activated membrane currents. 


ontrol (non-injected) oocytes showed no appreciable drug- 


A gave large responses to serotonin, kainate and GABA 
howed large voltage-activated sodium, potassium and 
ent outward currents (see also refs 10-12). The mRNA 


ises to serotonin and kainate were present, as was the 


or were there any responses to GABA (Table 1) or to 






















till other receptors. Nevertheless, the results ot o fa 
with mRNA from chick” and rat brains'®'? indicat 






mRNA preparation produces a comparatively small number of 


functional receptors in the oocyte. It may be that these are 


preferentially expressed because the corresponding messages | 





that a given 













are more numerous, or because they have special features which ee 


render them more likely to be translated. 


It is interesting that ‘human’ sodium currents were. slower > o 


than ‘rat’ sodium currents. Pending confirmation with other 
mRNA preparations, this already suggests that sodium channels — 


in the fetal human brain differ from those in the adult rat brain’*, 


or the embryo chick brain (K. Sumikawa, R.M. and I.P., unpub- 
lished). Moreover, since these channels were compared in 
oocytes from the same donor, it appears that the different 
kinetics of the sodium currents reflect differences in the protems 
which make up the channels. Another interesting observation 
is that rat and chick brain mRNA induced transiently activated 
potassium channels in the oocyte membrane, while the MRNA 
from human brain did not. Furthermore, the relative sizes of 
the sodium and potassium currents in oocytes injected with rat 
brain mRNA varied greatly. All this suggests that sodium and 
potassium channels are encoded by different messengers which 
are not concomitantly expressed in the oocyte. 

The effect of TTX, veratrine and scorpion venom show that, 
like other sodium channels'®?*"*?, the human sodium channels 
have binding sites for these substances. The ineffectiveness of 
aconitine indicates that this substance may act at a different site 
from the other toxins examined. It could be that human brain 
channels do not have a site for aconitine, but it is also possible 
that this substance acts within the cell!’ and that the oocyte 
membrane is poorly permeable to aconitine. 

Perhaps the most important outcome of the present experi- 
ments was that we were able to induce functional human brain 
receptors to serotonin and kainate, and we hope that other 
receptors will soon follow. This opens the way to detailed studies 
on the mode of action of drugs on human receptors, and on the 
factors which control the synthesis and incorporation of re- 
ceptors into the membrane. Ultimately, this knowledge may 
contribute to the alleviation of some forms of human brain 
dysfunction. 
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Joining of V, to J, gene segments in a retre 


vector introduced into lymphoid cells 
Susanna Lewis, Ann Gifford & David Baltimore A 


Whitehead Institute for Biomedical Research; Department of Biology and Center for Cancer Research, Massachusetts Institute of Tec 
Cambridge, Massachusetts 02139, USA : 





Vx to J, recombination occurred within a DNA construct introduced into cells in the form of a defective retrovirus 
Analysis of one recombinant demonstrated that V.~J,, joining can occur via inversion with a net loss of a few base pairs 





~ IMMUNOGLOBULIN genes are somatically assembled from 


_ Widely separated DNA segments (see ref. 1 for a review). For 


->x light chains, recombination brings together two coding units 
to form the complete variable region portion of the gene: one 
of perhaps several hundred inherited V. gene segments joins 
to one of five J, segments in a reaction that occurs during B-cell 
development. The signals that allow recombination enzymes in 
the cell to recognize immunoglobulin gene segments and to fuse 
them are not defined, but in all cases rearranged DNA is found 
previously linked to a heptamer~spacer—nonamer of characteris- 
tic structure, suggesting a critical role for this DNA element in 
the joining reaction. A system which allows introduction into 
cells of defined DNA constructions that will then undergo the 
joining process would greatly facilitate the study of the sequence 
requirements and, more generally, the organizational and 
mechanistic features of this site-specific DNA recombination 
process. We report here the development of such a system. 

In outline, we approached the problem by infecting a cell line 
that undergoes immunoglobulin gene rearrangement with a 
genetically engineered retrovirus containing a germ-line V, 
segment (linked to its heptamer/nonamer joining signal) and 
the five germ-line J, segments. We used a selectable marker to 
recover cells that had putatively rearranged the introduced 
substrate; we then cloned and sequenced one resident provirus 
to prove that V,-J. joining had occurred. 


Substrate design 
The selection procedure was suggested by a model we presented 


= previously. Studies of x gene rearrangement have shown that 


in addition to the V,J, coding joint that is formed, it is often 
possible to detect additional DNA fragments with hybridization 
properties and sequence characteristics suggesting that they 
originate as reciprocal recombination products of V.-J, join- 
ing*°. To explain the presence of such reciprocal joints, we 
proposed that some (and possibly all) V, elements are organized 
in germ-line DNA such that their transcriptional orientation is 
opposite to that of the J, elements and that inversions joining 
Ve to J, would concomitantly generate the reciprocal joint’. 
On the basis of this idea, in our retrovirus construction we 
placed V, and J, in transcriptionally opposite orientations with 
a selectable marker between them. The marker was positioned 
in noncoding orientation relative to the promoter in the 5’ long 
terminal repeat (LTR) and therefore was not expected to be 
expressed unless activated for expression by an inversional Ve- 
Ją joining event. The selection was designed to depend on an 
inversional rather than a deletional recombination for three 
reasons: to minimize background from rearrangements unre- 
lated to V,~J, joining, to allow recovery of the coding joint as 
well as the noncoding reciprocal joint, and to test directly 
Whether it is possible for V, ~J,, joining to occur via inversion. 





_ A representation of the relevant region of the pMSVgpt-based z 


Plasmid’ constructed for these experiments is 
The sequences designed to serve as the. 






not shown) and the negative one was di 


Moloney sarcoma virus (MSV). Between the LTRs were locatec 
(in the 5’ to 3’ orientation of an RNA transcript): the 5’ splice 
site of MSV which is used by the wild-type virus to allow 
envelope gene expression; the packaging sequence of MSV*; 
the J, segments (in 3’ to 5’ transcriptional orientation); the 
Escherichia coli xanthine~guanine phosphoribosyl transferase 
(gpt) gene (in 3’ to 5’ orientation) and an inverted envelope 
gene 3" splice site. This was followed by a 5' to 3’ oriented 
genomic V,21-C segment derived from BALB/c DNA (pro- 
vided by Dr S. Tonegawa). This particular V, segment has been 
identified as having rearranged into the active allele in the 





MOPC 321 myeloma”!®?, The DNA following the V,21-C 
segment in the construct is irrelevant except for the 3° LTR and 
its associated primer binding site, ee 





Retrovirus infection ae 
The plan of the experiment is detailed in Fig. 2. The DNA 
construct was transfected into w-2, a fibroblast cell line that 
constitutively produces all of the murine leukaemia virus 
(MuLV) proteins but is unable to package its resident helper 
virus genome®. A co-transfected plasmid carrying a neomycin 
resistance gene allowed the isolation of stably transfected y-2 
cells. The virions produced by the transfected cells were used 
to infect PD cells, a lymphoid cell line that undergoes continuous: 
rearrangement of its x gene segments’. cee 

There were several advantages to using a retrovirus vector 
as a means of introducing the J, and V, segments into lymphoid 
cells. First, introduction of the sequences to be joined as a 
defective retrovirus simplified further analysis because retro- 
viruses are generally integrated at the edges of their LTRs. This 
feature ensures that the substrate sequences will not. be fo 
tuitously interrupted or rearranged by their insertion i 
chromosomal DNA. Second, retrovirus infection is a mo 
efficient and controlled process than DNA transfection. Thir 
the efficiency of introducing substrate could be maximize 
using the y-2 packaging cell line because the virus stoc 
produces are free of helper virus®. ae 

The PD cell line which we chose to infect with the su 
virus is an Abelson murine leukaemia virus-transforn 
phoid cell line that can carry out V.-J. joining in cultur 
is superinfectible by Moloney MuLV. One to two days af 
infection of 10° PD cells with substrate virus, the cells 
placed in microtitre wells at 2-4 x 10? cells per well anc 
grown thereafter in the presence of 0.5 pg mI mycoph 
acid to select clones expressing the E. coli gpi gene”), As 
weeks following plating, from one to five mycopheno 
resistant clones appeared per experiment and a numb 
isolated for further study. All but one of the isolate 
the introduced bacterial enzyme by direct assay (ref. 
scarded. 
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e substrate, pVJG. The sources nu 
component fragments were as- 
lows: the BglII-Xhol fragment 
aring a 5’ LTR, 5’ splice site, 
322 sequences, polyoma origin 
eplication and 3’ LTR (of which 
‘the ends of the fragment bearing 
5 LTR, 5’ splice site and 3’ LTR 
epresented in the figure) was 
id from pMSVegpt’; the Bglll- 
fragment including the J, 
r was. derived from pHJ, (ref. 
ing the gpt gene and the 3’ splice 
te was derived. from a construct 
enoted pr RP-3'ss-MSVgpt {a gift 
of S. Hartman. and R. Mulligan, 
unpublished) and the Bglll~Sall 
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V,-J, joining, so that the gene was expressed from the 5'-LTR 
promoter, or by the gpf gene acquiring an adventitious promoter 
from cellular sequences at the insertion site. (The retroviral 
construct was designed so that the gpt gene could be expressed 
via a spliced mRNA but we have not determined whether the 
expected spliced mRNA is produced.) The structure that would 
arise after inversional joining of V, to J,1 is shown in Fig. 1 
(bottom); it is evident that a new series of fragments should be 
detected by restriction enzyme cleavage at sites around the joints 
of an inverted segment. As one test of site-specific joining, DNA 
was prepared from a number of mycophenolic acid-resistant PD 
cell isolates, cut with BglII, and probed by hybridization to gpt 
gene sequences. In the original construct, the gpt gene occurred 


on a 3.7-kb Bglll fragment (as indicated in Fig. 1, top). This 


fragment was detected in the virus-producing %-2 derivative 
(Fig. 3, lane w-2VIG), indicating that no major rearrangement 
of the substrate had occurred in the virus-producing cell line; 
e parental y-2 line had only the high molecular weight gpt- 
ntaining fragment introduced during its derivation (Fig. 3, 
ne w-2; see ref. 8. Rearrangement of the substrate in recipient 
PD cells should produce novel Bglll fragments. The DNA from 
all nine mycophenolic acid-resistant PD clones assayed (rep- 
esenting at least seven independent isolates) showed an altered 
gill fragment of 2kb (Fig. 3). This gpt-containing fragment 
d the size that would be expected if V,21-C joined to J,1 
inversion (Fig. 1, bottom). Thus, it appeared likely that the 
gpt gene was being activated by the predicted inversional join 
not by acquisition of adventitious promoters in the various 
sophenolic acid-resistant PD cell lines. 












nt regions 
inversion forms two new DNA joints: in the present case it 
expected that one would be a VJ, coding joint and the 
ér would be its reciprocal joint. In all lines assayed, the Beil 
gest implied that the reciprocal joint was derived from a 
ombination to J, 1, and not to any of the other J, genes. It 
med odd, however, that other DNA digests should indicate 
he substrate in the nine PD isolates had formed a variety 
ng joints, presumably via recombination to J genes other 
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agment containing the V, sequences was derived from Ig, 5E (a gift from S. Tonegawa). The EcoRI-Hindlll V,-containing fragment of 
„SE was first subcloned into pBR322 (designated pV, 14 and constructed by S. Desiderio) and then the unique EcoRI site was changed to 


* 


Sall site. The rest of the construction was built in four stages, the details of which can be provided on request. Represented restriction 
ndonuclease sites are abbreviated: Sac, Sacl; X, Xhol; BU, Bglll; B, BamHI. All the cleavage sites for these enzymes occurring between 
the Sacl sites in the LTRs of pVJG are indicated. Bottom, predicted structure of the region between the LTRs in pVJG if V, joined to J1 
_ by inversion. This map also shows restriction sites found in a A phage clone designated 2-1 and derived from cell line PD-A as described in 
"the text. Clone 2-1 was isolated from a library of 5x 10° recombinant A phage bearing size-selected Saci-cut DNA fragments from PD-A 
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ref. 8. Four neo-positive transfected y-2 cell lines were selected 
in medium containing 1mg ml! of the drug G-418 (Gibco), 
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joint we observe ha features that in all respects are consis 


Fig. 3 Analysis of Belll-digested cellular DNA samples from 
mycophenolic acid-resistant PD cell lines. PD isolates A, C, D, L 
J, K, M, N and O are shown, as is the fibroblast virus producer, 
Y-2VIJG, and its parental line, Ņ-2. The filter was probed with gpt 
gene sequences, gel-purified from a Hindili, BamHI digest of 
plasmid pL10 (a gift of R. Mulligan) which is. a subclone of pPT-171. 


frequency, deletes reciprocal joint regions down to fusions 
between the signal elements of V, and J.1 regardless of their 
original structure. Therefore, to simplify the present analysis, 
we selected a cell line, PD-A, for further study, on the basis 
that its DNA appeared to have a single proviral integrant that 
had undergone a single inversional join without secondary dele- 
tion. It was expected that in this case we might recover substrate 
sequences with both a coding joint and a reciprocal joint derived 
from J,1, and thus recover a pair of reciprocal recombination 
products. 


Provirus sequence 


To analyse the structure of the recombined substrate in more 
detail, the proviral sequences in PD-A were cloned into 
igt wes-\B by digesting PD-A DNA with SacI, an enzyme that 


= cuts only in the LTRs of the substrate, and screening recom- 


binant phage for the clone of interest with the gpt gene probe. 

Restriction enzyme analysis of the clone we obtained indicated 
that it had the structure shown in Fig. 1 (bottom). The only 
alteration relative to the original construction appeared to be 
a large internal inversion, the end points of which suggested 
that a ‘V,—J,, recombination had occurred, 

The DNA sequence at the inversional end points was deter- 
mined using the method of Maxam and Gilbert'?. The precursor 
V,21-C and J,1 sequences are shown in Fig. 4 together with 
the two recombinant joints. The sites at which the V,21-C and 
J„1 elements were fused to form the coding joint can be unam- 
biguously assigned and are indicated by arrows in the figure. 
The cross-over point on V,21-C shown here is identical to that 
observed in the myeloma MOPC 321 (where the same V gene 
has fused with J,2; ref. 13). Similarly, the cross-over point we 
observed on Jx1 is consistent with the site where J,,1 recombined 
in another myeloma, MOPC 41°. In the present case, the reading 
frames of the fused V, and J, elements do not match, but 


out-of-frame joining of immunoglobulin gene components is- 









well documented (for a review see ref. 14). Thus, the co 
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Fig. 4 Sequence of parental and recombinant fragments. 
C: **P end-labelled, BamHI-digested DNA was pr 
pV,.14 (see Fig. 1 legend) and recut with Bg: 
extending from the 3'-most BamHI site in the cod 
V,.21-C to the 3’ proximal BglII site (see Fig. 
electrophoretically purified for sequencing’? The set 
be read for 65 bases past the BamHI site (not show 
sequence shown is from a published report!*. Coding: oir 
2-1 DNA was cut with BamHI, 5'-?°°P-labelled with po 
kinase and recut with BglII. The 3'-most BamHI site in the codin 
portion of V,.21-C was labelled by this procedure, and the 
ment extending from this BamHI site across the coding j join 
the BglII site 3’ to the J, cluster was purified (see Fig..1, bottom 
The sequence was read for 63 bases past the recombinant Join 
and agrees completely with the published J. 1 sequence’ 
Reciprocal joint: The HindUI-Bglll fragment spanning the — 
reciprocal joint of clone 2-1 (Fig. 1, bottom) was sequenced in 
both directions. The 50 bases read 3’ to the joint were identical _ 
to the sequence obtained for the 3’ flank of V,21-C (not shown). 
The 70 bases rdad 5’ to the joint were identical to the published 
sequence of the 5’ flank of J,1 (ref. 13). Arrowheads indicate the 
positions of the recombination site used in coding joint formation 
relative to unrearranged V,21-C and J,1 DNA sequences; the 
inside borders of the boxed sequences in Vv. 21-C and J, 1 represent _ 
the position of the recombination site used in reciprocal joint 

formation. Be 















































one of several possible expected structures, an even more com- 
pelling indication that immunoglobulin-specific joining. pro- 
cesses caused the inversion in PD-A was provided by the 
reciprocal joint. The reciprocal joint was an exact apposition of 
the heptamer recognition signals that were initially associated 
with V,.21-C and J, 1 (Fig. 4). The analogous structure, a precise 
junction between heptamer elements, has been found in those 
reciprocal joints that have been cloned from lymphoid 
cells**'°, Thus, these data clearly show that enzymes in. the 
cell can recognize x gene-derived segments on the substrate 
and rearrange them site-specifically. By extension, the identical 
size of the BglII fragment in the various PD derivatives express- 
ing gpt (Fig. 3) implies that similar events activated the gen 

all of the cells, : 


























Mechanism of joining 
Because both coding joints and reciprocal joints are foun 





both of these joints can be generated by an inversion, the res 
described here support our previous proposal that in pre-B 
lymphocytes immunoglobulin gene joining may be accomplish 
through an inversional process*. The evidence that recipre 
joints in tumour cells are often not the direct reciprocals of 
accompanying coding joints***'> does not invalidate this sugge 
tion because there is evidence from rearranging cells that th 
locus can undergo multiple recombinations*. Thus, focipr 
joints and coding joints, once formed, may be sul 

pie E recombination which would. serve toob 
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"flank of V: 21-C and two fi 
ot found in either the coding joint or -the aa a joint 
ombination. N Missing m des. i 

e where a non- V, -derived DNA segment recombined 
1 (ref. 5) and was suggested to ee a general feature of 
unoglobulin gene joining processes®'*, Nucleotides are lost 
use the cross-over site for the reciprocal joint is not posi- 
dat the same base pair as the cross-over site for the coding 
(see Fig. 4). As mentioned earlier, although the cross-over 
r reciprocal joints is invariant in ail available examples 
fs 2, 5,6, 15 and this paper) there is evidence for considerable 
ional diversity at coding joints'*** which indirectly implies 
nucleotides must be lost during a V,-J, joining event. 

m eae of the ve E is that the recombination 






















































fibroblast ee produter line before the ` virus was ied to 
ifect PD, although mycophenolic acid resistance could not be 
ed from the -2 cells to NIH 3T3 cells. We are presently 
onstructing substrates that should allow quantitation of the 
frequency of this sort of recombination in a variety of cell types. 


Conclusion 
‘ith the ability to examine the sequence of both products of a 
_ single joining event, we have been able to present evidence for 
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the Peffoctive: seer | np 
joining reaction is not dependen on long-range | chrom 
DNA structure, nor even on the presence of the constant 
portion of the x gene. The ability to insert designed constr 
into cells that will then undergo recombination: should 
useful in further elucidating the mechanism, sequence 1 T 
ments, and perhaps eventually the control of immunog 
gene joining. 

In independent studies, K. Blackwell and F. Alt (f 
communication) have observed rearrangement of heav 
D and J regions transfected into Abelson murine lev 
virus-transformed fetal liver cells. 
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_A conserved DNA sequence in homoeotic 
genes of the Drosophila 


Antennapedia and bithorax complexes 
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petitive DNA sequence has been identified in the Drosophila mélanogaster genome that appears to be Ic 
ifically within genes of the bithorax and Antennapedia complexes that are required for correct segmental devel 


nitially identified in cloned copies of the genes Antennapedia, Ultrabithorax and fushi tarazu, the sequence 












fin the apcaneaton of penance i pathways for the 
ements of the fly, so that each segment acquires a unique 
7 A mutation in ae a homoeotic gene often results in 
>ement-of one body segment (or part ot a segment) by 





ained within two other DNA clones that have characteristics strongly suggesting that they derive from other ho. 


another segment that is normally located elsewhere. ! 
these homoeotic loci reside in two gene complexes, the | 
complex and the Antennapedia (Antp) complex, both 
on the right arm of chromosome 3 (3R). 

The bithorax complex i is Ic cated in the middle of 3R 
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of the second thoracic segment, resulting in a fly having 
wing structures in a site normally occupied by haltere. Other 
“recessive mutations in the complex cause analogous transforma- 
tions of posterior body structures into structures normally 
located in a more anterior position. Embryos having a deletion 
of the entire bithorax complex show a transformation of all the 
posterior body segments into reiterated segments with structures 


-of the second thoracic segment. Based on the above results and 


- Others, Lewis has proposed a model in which segmental identity 
_ in the thorax and abdomen is controlled by a stepwise activation 
of additional bithorax complex genes in more posterior seg- 


~ ments’. 


The Antp complex is localized hearer the centromere of 3R 
than the bithorax complex. The genes of the Antp complex 
appear to control segmental development in the posterior head 
-and thorax, in a manner analogous to the way in which the 


~~ bithorax complex operates in the more posterior segments”. 
A dominant mutation in the Antp locus, for example, can result 


in the transformation of the antenna of the fly into a second 
‘thoracic leg’. 
The homoeotic genes of both the bithorax and Antp com- 
plexes can be thought of as selector genes, using the nomen- 
clature of Garcia-Bellido®, that act by interpreting gradients of 
positional information. Based on their location in the gradient, 
a specific combination of selector genes are expressed, and thus 
different regions of the developing fly become selected to pro- 
ceed down specific developmental pathways. Although the avail- 
able evidence supports this model’»?!°, the real situation appears 
to be more complex as there is also evidence that regulatory 
interactions between different homoeotic selector genes have a 
role in limiting their region of expression!*!?, 

The physical proximity and similar but distinct functions of 
the bithorax complex genes led Lewis to propose that the genes 
of this cluster evolved by mutational diversification of tandemly 
repeated genes’. In the primitive millipede-like ancestors of 
Drosophila, an ancestral gene or genes would direct the develop- 
ment of repetitive segments having similar identities: The 
evolutionary transition to the Dipterans, with highly diverse 
segmental structures, might be achieved by duplication and 
divergence of ancestral genes. According to this model, null 
mutations in the present set of bithorax complex genes could 
result in a fly having a more primitive segmental array, that is, 
with legs on the abdominal segments, or with wings on the third 
thoracic segment, in addition to those on the second thoracic 
_ Segment; both types of phenotype are known to result from 


} l: reduction or loss of function of bithorax complex genes. 


Although the bithorax and Antp complexes are widely separ- 
ated on the third chromosome, their similar functions in specify- 
ing segmental identity suggests that both complexes might have 
evolved from a common ancestral gene or gene complex. A 
critical test for this hypothesis involves a test for conserved 
sequences in the genes of the two complexes. These conserved 
sequences could be relics of ancient gene duplications or regions 
specifically preserved by selection against mutational change. 
_ Here we show that there is DNA sequence homology between 
_ Some genes of the bithorax complex and the Antp complex. We 
_ use this homology, which is imperfect and limited to small 
regions, to isolate other cross-hybridizing clones from the 
Drosophila genome. The cytogenetic map locations and spatial 
and temporal patterns of expression for the genes homologous 
to two of the clones suggest that they represent other homoeotic 
. genes. 
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Fig.1 Repeated sequences in the Antp and fiz genes. a, Individual 
lanes from Drosophila whole genomic Southern blots, The geno 
DNA in each case was digested with EcoRI. The number below 
the lanes designates the fragment number used as a probe. The. 
fragment number designations are shown above thé respective _ 
fragments in 6, The numbers alongside the lanes indicate the sizes 
in kilobases (kb) of the hybridizing genomic fragments.~All the 
blots were hybridized and washed in the reduced-stringency condi- 
tions described below. Note that the two bands in lane 4-are due 
to the number 4 probe containing a sequence from each of two” 
Antp exons. b, Map of the portions of the Antp and fiz genes used __ 
as hybridization probes for the genomic blots, Antp 903 isa cDNA 
clone described by Garber et alt? which contains the regions from 
the Antp locus marked by solid blocks. The broken lines indicate _ 
the approximate extent of the cDNA in each genomic location: 
The bottom line is a representation of the Antp region of chromo- Me 
some 3, as taken from Garber et al.'?; the numbers reflect the 
distance (in kb) from the Humeral chromosomal breakpoint. The _ 
5’ and 3’ labels show the direction of transcription for the two loci. 
(ref. 17 and A.K., unpublished results). Xh, Xhol; R, EcoRI; Ba, 
BamHI; Xb, Xbal; P, Poull; S, Sphi. | Soe 
Methods: Reduced-stringency hybridizations were done as follows. 
Southern blots’ were prehybridized in 5xSSC. 0.1% bovine 
serum albumin, 0.1% Ficoll, 0.1% _polyvinylpyrollidone, _ 
250 ug ml~" sonicated, boiled herring sperm DNA, 50 mM NaPO, 
PH 7, 0.1% SDS, 43% deionized formamide at 37 °C for 2-3h. 
The prehybridization buffer was removed from. the bag and . 
replaced with the same buffer containing 10° c.p.m, mi"? of | 
hybridization probe. Blots were hybridized at 37°C for 25-48 h, 
then washed twice in 2xSSC, 0.1% SDS for 5 min at room 
temperature, followed by two washes for 15 min each at 45-50 °C 
Stringent hybridization and wash conditions differed only in 
hybridization buffer, which contained 50% instead of 43% fo 
mamide, and in the final wash which was done in 0.2 x SSC, 0.1 

SDS at 65~70°C. ce > 
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‘Fig. 2 Localization of the H repeat in clones from the Ultra- 
- bithorax (Ubx), Antennapedia (Antp) and fushi tarazu (fiz) genes. 
~The overlapping region from the Ubx locus between A clones 2288 
‘and 2296 (gifts from P. Spierer) is shown at the top, as well as the 
< BamHI fragment common to both which hybridizes to fragments 
<2 and 6 (Fig. 1). Both these clones are described elsewhere’’, 
“although A2296 is incorrectly labelled as 2269. The indicated 
“BamHI fragment was subcloned into pAT153 and the resulting 
"plasmid designated p96. A map of the p96 insert is shown, Restric- 
_tion fragments containing the H repeat are marked by asterisks. 
_ Antp p903 is the same cDNA clone shown in Fig. 1. Restriction 
"fragments to both sides of the Xbal site (Xb) show homology to 
_ the H repeat. fiz p523B is a Drosophila genomic clone from region 
190 on the map in Fig. 1, an EcoRI fragment in pAT153. This 
_ fragment contains most of the ftz transcription unit (A.K., unpub- 
_ lished results). Again, the restriction fragments containing the H 
ee repeat are marked by asterisks. 






_ To determine which region(s) within the 903 cDNA sequence 
were repetitive, the cDNA was subdivided into five restriction 
fragments of ~500 base pairs (bp) each, and these were 
individually hybridized to replica genomic Southern blots in 
reduced-stringency conditions (Fig. 1). The two left-most frag- 
ments, which overlap in the 3’ half of the 903 cDNA, detect 
the expected genomic fragments at Antp, and also cross- 
hybridize with seven other genomic fragments with less intensity. 
The next 903 fragment to the right (fragment 3) hybridizes to 
more than 50 genomic fragments. Finally, the two right-most 
903 fragments (4 and 5) detect only their genomic homologues 
at the Antp locus. 
Garber et al.'* found weak homology between the 903 cDNA 
and a site to the left of the Antp locus, at position 190 on the 
map in Fig. 1. This site has subsequently been shown to be part 
of the transcription unit of the fushi tarazu (ftz) gene (A.K. 
and E.H., in preparation). The ftz gene is required for the 
determination of the correct number of segments in the 
Drosophila embryo*’'*. Embryos that are homozygous for cer- 
in mutant alleles of ftz die early in development, and show 
deletions of alternate segment primordia. A  0.9-kb 
hol/ EcoRI fragment (probe 6), containing a 3’ portion of the 
z transcription unit (A.K., unpublished results), was used as 
probe of another Southern blot identical to those used for the 
+903 fragments (Fig. 1). In addition to the strong signal 
yntributed by the homologous genomic fragment from the fiz 
1s, eight other genomic fragments weakly cross-hybridized. 
‘of these weakly hybridizing genomic DNA fragments are 
tical in size to those detected by the two probes from the 
gion of the 903 cDNA. Thus, the 3’ regions of the transcrip- 
on units of the Antp and ftz genes share a common sequence, 
that appears to be present at five or more locations in the 
saphila genome. 7 | 
sequently, we will refer to this low-level repeat as the H 
and the high-level repeat in the middle of the 903 cDNA 
ment 3) as the M repeat. The M repeat is not detectable 
DNA of the fiz locus. . 




















Fig. 3 In situ hybridization of H repeat clones p93 and p99 to 
polytene chromosomes. Clones p93 and p99 were nick-translated 
with biotinylated nucleotide, and hybridized to squashes of Ore-R 
chromosomes: p93 to a, and p99 to b, The hybridized probes were 
detected by an immunoperoxidase method”! and the chromosomes 
stained with Giemsa and photographed. The chromosome 3 
divisions are indicated and the sites of hybridization marked by 
arrowheads. 


specifically A2229, A2269, A2288 and A2296 (ref. 15) (given 
by P. Spierer). A 3.2-kb BamHI fragment common to A2288 
and A2296 hybridized to both H repeat-containing probes (Fig. 
2). This BamHI fragment contains most or all of the 3’ exon 
of the Ubx transcription unit (refs 15, 16 and M. Goldschmidt- 
Clermont, personal communication). Cross-hybridization 
between the Antp, ftz and Ubx loci has been independently ~ 
detected by M. Scott (personal communication). None of the 
Ubx region clones that we tested contained the M repeat. 
Figure 2 shows more detailed restriction maps of the regions 
at each locus that contain the H repeat. The location of the H 
repeat within each of the Antp, Ubx and ftz clones was deter- 
mined by inter se hybridizations to Southern blots of each clone 
digested with various restriction enzymes. The H repeat is the 
only detectable region of cross-homology between the three 
clones, and based on the intensity of signal the cross-homology 
is either very short (<100 bp), or larger but poorly matched. 
As the region of cross-homology overlaps both ends of the 
90-bp Xhol/ BglII fragments found in both Ubx and ftz, the 
latter possibility is more likely. The intensity of signal obtained 
from homologous hybridization compared with cross-hybridiz-_ 
ation due to the H repeat is shown in lane 1 of Fig. 1. Probe | 
fragment 1, from the 3’ end of the Anip cDNA 903, hybridizes | 
very strongly to its genomic homologue on a 1.7-kb EcoRI 
fragment, but with at least 10 times less intensity to the 3.4-kb 
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> Fig. 4. ‘Transeription from p93 and 
= > p99 during Drosophila development. 
- Lanes 1, 2 and 3 in each panel contain 
embryonic RNA from 0-6, 6-12 and 
12-18-h stages, respectively. Lanes 
4 and 5 in each panel contain RNA 
from first and second instar larvae. 
Lanes 6 and 7 in each panel contain 
RNA from early and late third instar 
larvae, respectively. Lane 8 in each 
panel contains RNA from 1-day-old 
pupae. The numbers alongside the _ 
panels indicate the approximate size — 
(in kb) of the largest hybridizing 
RNAs. On longer exposures a faint 
band of 2.8 kb was detected in the 
pupal lane (8) of the blot hybridized 
o> with p99. (not shown). Poly(A)” 
> (10pg) from successive stages of 
ES Drosophila development was run on 
As formaldehyde agarose gels and blot- 
>. ted’? The blots were hybridized with 
~ Mick-translated p93 and p99 in the 
<5 Stringent buffer described in Fig. 1 
legend. After a stringent wash (also 
described in Fig. 1) the blots were 
used to expose X-ray film. 








gh elative orientation of the Xhol and Belll sites within the 
“¢ross-homologous regions of Ubx and ftz, is consistent with the 


polarity of the H repeat being the same with respect to the 
direction of transcription. Preliminary DNA sequencing results 
from these two regions (W. McG., unpublished results) and of 
the Antp 903 cDNA (R. Garber, unpublished results) also 
indicate that the H repeat is in the same orientation with respect 
to transcription at each locus. 


Isolation of clones containing H repeat 


The observation that the H repeat was associated with three 
loci known to be crucial for proper segmental development in 
-the fly suggested that it might be a common feature of many 
homoeotic loci in Drosophila. To test this, we first isolated 
Drosophila genomic clones that possessed homology to cloned 
H repeat sequences. Such clones were then subjected to the 
following three tests to implicate them as potential new 
homoeotic loci. , 

(1) Hybridization of the clones to Drosophila polytene 
hromosomes to determine whether their cytogenetic map loca- 
tions corresponded to those of genetically characterized 
homoeotic loci. 


(2) Hybridization of subclones containing the H repeat to 


Northern blots of RNA extracted from successive develop- 
mental stages to determine whether the regions were tran- 
scribed, and whether their transcription was developmentally 
regulated in a manner that might be expected for a homoeotic 
locus. 

(3) Hybridization of subclones containing the H repeat to 
Drosophila embryonic tissue sections, to determine whether the 
transcripts homologous to the subcloned regions were dis- 
tributed i in a segmentally restricted manner, as has been shown 


for transcripts derived from the homoeotic loci Antp and 
Ubx'®- 18, 19° 


Genomic library screen 
Approximately 30,000 recombinant bacteriophages (three 


genome equivalents) from the Charon 4/ Drosophila library of 
Maniatis et al.*° were screened using H repeat probes from Antp 


and ftz (fragments 2 and 6 in Fig. 1) as probes of duplicate 


__ filters. The hybridizations and washes were done in the reduced- 








stringency conditions described in Fig. 1 legend. A total of 74- 

pl ues irom the originat plates hybridized to both probes, with. 
of signal inten J od and re~s ed _ with a Southern blot containing cloned DNA from 

cloned bithorax region. W 
























extracted from each recombinant and digested with EcoRI, - 
BamHI and both enzymes together, then separated on an 
agarose gel, and transferred to nitrocellulose. i 
These blots were hybridized with probes 2 and 6 to determine 
which region of the insert contained the H repeat. In this way, 
we found that three of the clones were re-isolates of ftz, and 
two were re-isolates of Antp. The remaining 19 clones were 
divided into two classes on the basis of their extent of homology 
(as determined by signal intensity) with the H repeats from 
Antp and ftz. Seven clones cross-hybridized relatively strongly. 
and by inter se hybridizations we found that these were derived 
from two different genomic regions. Representative clones from. 
each of the two regions were designated 93 and 99. $ 
The H repeat lies on a 4.5-kb BamHI/ EcoRI fragment ior 
clone 93; this fragment was subcloned into plasmid vector 
pAT153 and is designated p93. The p93 insert is a single-copy 
sequence in the Drosophila genome, when tested by genomic. 
Southern blot analysis in stringent hybridization and. wash 
criteria, and derives from the 15-kb genomic EcoRI fragment : 
previously identified by genomic blotting (Fig. 1, lane 1). The 
clone 99 H repeat lies on a 5-kb EcoRI fragment. which ‘ 
cloned into pAT153 and. designated p99. The p99 inser As 
a single-copy Drosophila sequence (in stringent conditi 
corresponds to the 5-kb EcoRI genomic fragment detecte 
Fig. 1, lane 1. Although p99 and p93 were selected by hybr 
ation with the H repeat they also hybridize with the pi 
shown in Fig. 1, and therefore Probably contain the M: 
also. : 


In situ localization of p93 and p99 


DNA from p93 and from p99 was labelled with biotin 
dUTP by nick-translation, and hybridized to squashes of sali 
gland polytene chromosomes. The sites of hybridizatiı 
revealed by an immunoperoxidase detection protocol 
stringency of hybridization was sufficient to allow o 
detection of the genomic isologues of p93 and p99. 

Clone p93 hybridizes to the 89E region on the right 
chromosome 3 (Fig. 3), the > cytogenetic location of the 
complex’. Bender et al. 57? have recently reported t 
of the left half of the bithorax complex DNA, and K 
Bender have subsequently isolated overlapping cloned ; 
DNAs that include much of the right part of the com 
Karch and W. Bender, unpublished results); they pr 





e find that the p93 ‘inser: 





Fig. 5 Localization of transcripts homologous to p93 (a, b) and p99 (c, d} in embryonic tissue sections. The embryonic tissue sections were 
prepared and hybridized to *H-labelled probes as described by Hafen et al.’*. Labelling of p93 is shown on a sagittal section of an 18-20-h 
embryo. Both brightfield (a) and darkfield (b) photographs of a 4-week autoradiographic exposure are shown. The p99 labelling is shown 
for an embryo 3h old, just after the stage during which cell membranes envelop the nuclei at the periphery of the embryo. Both bright- and 
darkfield photomicrographs of a 4-week autoradiographic exposure are shown. The extent of hybridization of the brightfield view (a) is 
marked by arrowheads. A, anterior; P, posterior; vc, ventral nerve cord; b, brain; pv, proventriculus; pc, pole cells; D, dorsal; V, ventral. 


— within their cloned region, to the right of the bithoraxoid/ post- 
_ bithorax unit of the bithorax complex, near the infra-abdominal- 


> 2 locus (data not shown). The same result has been obtained 


_ by S. Sakonju (personal communication) arid M.S.L. 

=- Clone p99 hybridizes to the 84A region on the right arm of 
chromosome 3; this is close to the cytogenetic locations of the 
-o fiz and Antp loci, both of which are in 84Bl-2 (refs 2, 4, 5). 


_ The 84A region contains the Antp complex genes proboscipedia, 
-= gerknillt and Deformed, all of which have been shown to affect 
the proper ee al of the posterior head segments of 
Drosophila” 


4,5,23 


Transcription 
Genetic and developmental studies on the time of expression 
of homoeotic selector genes show that early to mid-embryo- 


e genesis (0-12 h after oviposition) and prë- and early metamor- 


-` phosis (late third instar larval and early | pupal stages) are possible 
-periods of high levels of expression” 8, Antp transcripts exhibit 
‘their highest levels during both these periods, and ftz transcripts 
‘are most abundant in early embryogenesis (A.K., unpublished 
results). 
=. To test whether the regions homologous to p93 and p99 were 
transcribed, the two clones were hybridized to Northern blots 

containing Drosophila poly(A)” RNA from successive stages of 
development. The blots were hybridized and washed using the 
tringent conditions described in Fig. 1 legend. 
lone 93 is homologous to multiple RNA species during 
bryonic stages, especially in embryos 6-12 h old (Fig. 4). The 
est RNA (5.4 kb) homologous to p93 at the 6-12-h stage 
cried in late third instar larvae, Just before ee 








p99 are both present at approximately the same levels as 
transcripts from the Antp locus (A.K., unpublished results). 


Localization of transcripts 


The most important experiment that we performed with the 
p93 and p99 clones was to test whether the transcripts 
homologous to these clones were spatially restricted during. « 
development. It has recently been shown that Antp and Ubx 
transcripts are restricted in a segmentally specific manner during 
embryonic development’®'*?*. To a rough approximation, the 
embryonic segments and segmental anlagen that accumulate 
Antp and Ubx transcripts are those in which the function of 
these genes is believed to be required for proper development. 
Therefore, if the 93 and 99 clones represent other homoeotic 
selector loci, their transcripts should be restricted during embry- 
onic stages to segments where 93 or 99 expression is required 
for proper development. 

Figure 5 shows that the transcripts homologous to both p93 
and p99 show spatial restrictions during development. We have 
shown only one developmental stage, when transcript localiz- 
ation is striking, for each clone. More detailed studies on the 
expression of these cloned regions will be reported elsewhere. 

The localization of transcripts homologous to p93 is show 
on a sagittal section of an 18-20-h embryo. At this advance 
stage of embryogenesis, the central nervous system includes the 
two brain hemispheres and the condensed ventral nerve cord — 
(Fig. 5). Before condensation the ventral cord consists of 12 — 
paired ganglia, the sub-oesophageal ganglion, three thoracic — 
ganglia and eight abdominal ganglia. Each ‘ganglion of the i 
tral cord innervates its einen ape Jes Br ‘segment?’ 

















i The labelling pattern of p99 is Shown at the cellular blas- 


re 




















ont terior. pole. Cell ablation 
experiments in this region of the cellul 


a : embryos having defects in the. 
segments”? 





: ~ homoeotic loci. First, both hybridize to cytogenetic locations of 
previously characterized homoeotic genes; 93 to the right half 
- Of the bithorax complex in the chromosome region 89E, and 


homologous to transcripts that are relatively abundant during 
i, embryogenesis and. just prior to metamorphosis. These are the 
r homologous to the homoeotic locus 
A.K., unpublished results). Third, and 
most importantly, the transcripts homologous to 93 and 99 show 
a striking spatial restriction during development. Transcripts 
homologous to p93 are most abundant in. the posterior 
abdominal neuromeres of the embryo, as would be expected 
from a gene in the right half of the bithorax complex. The 
transcripts homologous to p99 are most abundant in a region 
of the cellular blastoderm that corresponds to the segmental 
anlagen of the posterior head or first thoracic segments. This is 
also consistent with its cytogenetic location in 84A, which con- 
tains genes that affect the development of these segments. 
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units of Antp, Ubx and ftz is consiste 
coding sequence. The DN A sequence o 
fiz and Ubx leaves no doubt that the sequence 
due to a conserved protein-coding domain (W. 
Garber, unpublished results). Since faithful cor 
repeat are strictly delimited and found only in hom 
we now call the H repeat the ‘homoeotic seque 

















it seems clear that not all homoeotic genes carry t 
for example, we have been unable to dete 
bithoraxoid / postbithorax unit of the bithorax co 


F. Karch and W. Bender, unpublished results). 
coùrse, that another subset of homoeotic genes cont: 
repeat. ua ue S aor S a 

_ On the basis of these results, we propose that 
homoeotic genes are members of-a multigene famil 
diverged but nonetheless detectable by DNA cross-homolog 


This suggests.a common evolutionary origin for some genes of 
both the Antp and bithorax complexes, as proposed by Lewis’ 
for the genes of the bithorax complex. The conspic 
evolutionary conservation of the homoeobox sequence in some | 
homoeotic genes of Drosophila suggests that it might also be 
conserved in other animal species; preliminary experiments 
strongly support this view (W.McG., unpublished results). It is 
possible that a fundamental principle in development is to dupli- 
cate a gene specifying a segment identity, allowing one of the 
copies to diverge and acquire new functions, or new spatial 
restrictions in expression, or both; this might allow, within the _ 
limits of natural selection, a striking polymorphism in the differ- . 
ent segments of an animal, and the acquisition of highly special- 
ized functions in different segments. 2 ee 
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‘arly studies of the time histories of the y-ray burst events 
reported by the Vela satellites led to the suggestion that very 
brief, ~ 0.1 s, bursts formed a class distinct from the longer, 
highly structured bursts'. Results of the KONUS experiments 
on Veneras 11, 12, 13 and 14 argue for the existence of a 
_ separate class of short-duration y-ray bursts’, revealing that 
_ many of the short bursts exhibit much softer spectra (~ 30 keV) 
than the more familiar complex bursts. Although this correlation 
_ is not completely clear and the observations are in some cases 
contradictory”, the existence of two y-ray burst populations 
is suggested by Fig. 1, showing a duration histogram for 24 
_ events detected by our ISEE-3 experiment. Figure 1 also shows 
_ the distribution of 123 Venera 13 and 14 events (60 detected 
_ by both spacecraft) and suggests two y-ray burst populations 
_ in each experiment sample, the domains separated with a 
- minimum near 1 or 2s. Here we point out that the results of 
_ the Goddard ISEE-3 y-ray burst spectrometer actually enhance 
: id appearance of two burst populations suggested in the Venera 
“data. 
“The ISEE-3 burst spectrometer” trigger criterion differs 
from previous techniques in that the time for detecting a preset 
“number of photons is accumulated (‘time to spill’), rather than 
- accumulating counts over a preset time interval. The photon 
- counter setting and timing precision (clock frequency) are 
adjustable by factors of two, within limits. The most often used 
values have been 32 counts and 1,024 Hz. This method has the 
- advantage of recording the more intense portions of the time 
history with greater temporal precision (the Los Alamos experi- 
< ments aboard Pioneer Venus Orbiter and ISEE-3 utilize the 
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intense intervals of bursts but do not utilize time-to-spill as the - 
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basic new advantage. The conventional detection probler 
discriminating against bursts with durations less than the trigger 
integration time is avoided. Consequently, although the IS 
experiment is not one of the most sensitive y-ray burst sensi 
the ISEE-3 event sample may be more representative in’ 
it contains a truer proportion of brief events. Since spectr 
information from our experiment is no longer available, burst. 
fluences cannot be accurately determined. However, if a hard 
spectrum characteristic of ‘classical’ y-ray bursts is assumed, the 
estimated ISEE-3 detection threshold is ~ 1075 erg cm? s+. 

Nine out of twenty-four cosmic events detected by the ISEE-3 
experiment from September 1978 to May 1982 exhibited dur- 
ations less than one second, risetimes of tens of milliseconds, 
and usually no discernible substructure other than an exponen- 
tial decay in some cases. The 5 March 1979 event’, which 
exhibited an intense initial pulse of FWHM ~ 120 ms (risetime < 
200 us), is included in this group since the unique eight-second 
oscillating decay phase would not have been discernible had the 
intensity of the initial pulse been comparable to flux levels 
ordinarily observed in y-ray bursts. The temporal characteristics 
of the ISEE-3 short events are summarized in Table 1. Since 
the count rate data are generated using the time-to-spill tech- _ 
nique, for a given detector area, the observed risetimes and. 
widths are a function of the photon counter setting, the burst- 
intensity, and the intrinsic temporal characteristics. Therefore, 
for low intensity bursts, the temporal resolution is poor and the 
observed risetimes and widths are probably somewhat longer 
than the intrinsic times. 

Six out of nine of the short ISEE-3 bursts have been confirmed 
to be of cosmic origin by other spacecraft. For three reasons 
the remaining events are believed to be genuine ‘y-ray burst 
detections. First, for two of the unconfirmed events, one would 
need statistical fluctuations, in order to equal or exceed the 
burst peaks, that would be expected once in = 27 years, much 
longer than the experiment lifetime. Second, in all three uncon- 
firmed events, the duration was <0.1s. This could possibly 
explain why the bursts remained undetected by other experi- 
ments. Third, the germanium detector, which detected all of 
the short bursts, is not sensitive to charged particles which 
simulate spike-like events in caesium iodide scintillators. Since 
the KONUS 13/14 distribution of short events continues down 
to ~ 0.18 (Fig. 1), the ISEE-3 unconfirmed events probably dow 
not represent a separate class of very short bursts. 4 

The ISEE-3 result has been recently substantiated by an 
increase in the frequency of detection of short bursts in the 
KONUS 13/14 data base over KONUS 11/12. The KONUS 
experiments flown on the earlier Venera 11 and 12 spacecraft 
(see ref. 10). utilized trigger mechanisms with two integration 
time constants of 0.3 s and 1.5 s, the shorter included to facilitate 
the detection of fast events. As reported by E. P. Mazets | 
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Table 1 ISEE-3 short events 
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event trigger criterion): The trigger technique also provides a k 





Peak Risetime FWHM FWZA 
Event (c.p.s.) (s) (s) 
5 March 1979 32,500 <0.0002 0.12 
15 March 1979 520 0.30 <0,06 
12 May 1979 420 0.04 <0.08 00 
22 March 1980 360 0.05. 036 o £0 e 
6 August 1980 3: = 0.06-- O17. O4de 258 


5 December 1980 | 


31 December 1981 


8 May 1982 


19May1982 90 


0.04 
0.02 
0.05 






<0,10 


0.07 0.40. 






005 0.19 
<0.30. 0. 











ersonal. communication), the detector sensitivity is strongly Further co 
t duration. Speaking in terms of flux, 





pendent on the eve 
>the more interesting q 
point, rather than flu: 
_ with decreasing bi 
àlor bursts of du 
Pproximately 






ntity from a source population view- 
the threshold for detection increases 
ration: the KONUS detection threshold 
than the trigger integration time is 
APT : proportional to the duration. The 
 -instrume s for the Venera 13 and 14 experi- 
-> ments were similar to the previous KONUS system''. However, 

_ the short integra on time constant was set at 0.25 s rather than 


















= 0.3 s. On inspection of the Venera 11/12 and 13/14 data bases, 


we find that the change in trigger time constants is apparently 
reflected in a change in the frequency of detection of short 


bursts. For KONUS 11/12, the ratio of short bursts to total 


bursts is 0.07 + 0.02, whereas for KONUS 1 3/14, a much higher 


percentage is indicated, 0.16 + 0.04. These figures do not include 
repeated bursts from the sources B1900 +14 and B0520 -66211 
< = If only the confirmed ISEE-3 events are considered, the ratio 
of short bursts to total would be 6/21 or 0.29, still significantly 
- higher than the KONUS 11/12 sample. 
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mememe namane a 
Two distinct types of passive continental margin are known to 
occur™*: one characterized by tilted and rotated fault blocks 
and crustal thinning (for example, refs 4-6) has clearly been 
formed by extension; the second and possibly more widely 
occurring type is characterized by the absence of tilted fault 
blocks and by a ubiquitous thick sequence of oceanward-dipping 
\ reflectors now known to be of volcanic origin™™®, An oceanic 


rigin for this volcanic sequence has been attributed, from 






Seana ass 


" Magnetic and seismic evidence’, to some kind of ‘sub-aerial 
seafloor spreading’. However, evidence for the nature of the 
deep structure that would support an oceanic origin has been 
lacking. We report here new seismic reflection data and an 
interpretation of the deep crustal structure of the dipping reflec- 
tor sequence of the south-west Rockall Plateau. Gravity models 
of the margin suggest that the dipping reflectors are underlain 
by stretched continental crust. | 

Over the past decade, the use of multichannel seismic reflec- 
tion profiles and deep sea drilling results have led to a greater 
understanding of the tectonic evolution of passive continental 
margins, aided also by the development of simple theoretical! 

models of the rift process (for example, refs 4, 5, 12, 13). In 
essence, stretching of the lithosphere revealed as rifting (that 









idence as spreading begins and rifting ends. Evidence of crustal 
xtension has been amply documented by the large tilted and 





cratonic.- 
Argen- 










, is, extension) in the upper crust is followed by thermal sub- 


of a significantly higher freq 
om the SIGNE experiments 
et al.” report that a distinc 
bursts with durations less than 0.25 s comprises 2 
total, 49 confirmed events. The SIGNE experiment: 
the same trigger integration time as the KONUS 1: 
instruments'*, 0.25s. If experiments were to. utiliz 
integration times as short as the average FWHM of sh 
~ 0.18, the percentage of short bursts then detected m: 
even higher, perhaps ~ 40%, affording a better oppor 
Study these fast events. Eo 
The event duration distribution of Fig. 1 suggests that d 
physical processes or different source populations are respo 













































sible for the long and short bursts. However, the anomalous 5 
March 1979 burst, which has been suggested as a prototype for- 
the short bursts’, probably represents a third category of y-ray 


burst sources, given the possible extragalactic origin of this event 


and its clearly differing characteristics??._ ce 
We thank Dr E. P. Mazets for providing us with unpublished 
results from the Venera 13 and 14 KONUS experiments. 
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Fig. 1 Location of seismic/ gravity profile across the south-west a 
margin of Rockall Plateau: 552, etc. indicate location of IPOD _ . 
Leg 81 sites. Leg 48 sites have been omitted for clarity. 















tina and the east coast of the USA (refs 3, 15, 16 and D.G.R. 
et al., in preparation). tee 

The south-west margin of the Rockall Plateau (Fig. 1) shows 
systematic variations in seismic character, reflector attitude and 
structure that allow simple subdivision into four zones (Fig. 
Zone I comprises oceanic basement characterized by we 
defined and mapped sea floor spreading anomalies. The ocean 
basement surface causes a strong, flat-lying reflector beneat 
which weak westerly and steeply dipping reflectors are eviden 
In the Zone I oceanic crust west of Rockall Plateau, th 
reflectors are diachronous’®. The adjoining landward Zone 
is a zone of elevated basement relief known as the ‘outer hig 
partly overlapped by the oldest identifiable magnetic anomal 
~24B". The outer high is usually opaque on seismic pro 
and generally is a zone of subdued relief, although relief « 
to 500 m is present further along strike’®. C lear dippin 



































tors are not evident beneath the outer high. Eastward pr 


clinoforms off the high indicate that 
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Fig. 2 Multichannel seismic profile across the 


anomaly —24B time (ref. 18 and D.G.R. et al., in preparation) 
(Fig. 2). 


- ‘Between the edge of the outer high and the edge of Zone 


IV, a unique seismic pattern characterizes Zone II. The sub- 
orizontal reflectors of Zone IV flex downwards to form the 
characteristic sequence of oceanward-dipping reflectors, There 
is considerable variation in the attitude of the reflectors along 
rike: on some profiles the reflectors flattern westward but on 
others, westward divergence, possibly related to older topogra- 
phy or volcanic centres, is evident (D.G.R., in preparation). 
Typical seismic velocities in the dipping part of the sequence 
ange from 3 km s™° to 6kms"' in the lower part. As the outer 
high is approached, the dipping reflector sequence is upthrown 
to the west by a series of faults that dip eastward and are 
antithetic to the regional sense of extension. This structural 
onfiguration is exactly mirrored in the conjugate margin of 
outh-east Greenland'’. Deep sea drilling has established that 
he dipping reflectors are sub-aerial and submarine lavas’. The 
ep sea drilling results and the evolution of the margin will be 

ssed in detail elsewhere (D.G.R. et al., in preparation). 
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are observed on the east flank of the ‘outer high’. Note the horizontal reflectors of Zone Iv 
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south-west margin of Rockall Plateau. On other profiles’, eastward prograding clinoforms 


and the deep reflector extending as far as SP 600. 


The ‘dipping reflector’ type of margin shows several features 
that contrast dramatically with the Biscay margin. There is no 
evidence of tilted blocks downthrowing towards the ocean and 
the margin is dominated by a 5km-thick pile of lava flows 
approximately 80 km wide that can be followed along strike for 
at least 500 km. Although the ubiquity of this type of margin 
has not previously been widely recognized, two mechanisms 
have been proposed. One, based on data from the Voring 
Plateau, considers that the volcanic pile formed by some kind 
of ‘sub-aerial’ seafloor spreading akin to that of Iceland”? and | 
that lithosphere stretching is thus not involved. This model 7 
requires that the downdip ends of the lavas are joined to the 






feeder dykes of the mid-ocean crust. An alternative view 


considers that the volcanic pile was erupted onto crust | 
instantaneously stretched in response to the thermal event 
responsible for voluminous lava production®'*. A major prob- 
lem in reconciling these hypotheses has been the lack of deep 
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Fig. 3 Depth-migrated version of part of profile shown in Fig. 2, Note the antithetic faulting at SP 920. Depths in km. 


Fig. 4 Gravity model A of deep 
crustal structure along the line of the 
seismic profile. The model assumes 
oceanic crust to the Zone III/IV 
transition, Dashed line, observed 
gravity; solid line, computed gravity. 
Level of compensation, 35 km. 
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-channel seismic reflection (Fig. 2) and gravity profile across the 
margin. Unfortunately, processing failed to attenuate the strong 
multiple event from the top of the dipping reflector sequence. 
Nonetheless, a clear strong westerly dipping event can be fol- 
_ lowed beneath the dipping reflectors for 20 km. Using the gravity 
_ data obtained during the survey, we have simulated the gravity 
_ field using two models of crustal structure. These models respec- 
__ tively assume the presence of oceanic (model A) or continental 
_ (model B) crust beneath the lavas. The models are constrained 
___ by the depth-migrated deep reflection profile (Fig. 3) and short 


* 


_ shallow refraction lines in the dipping reflectors and adjoining 
ocean crust (ref. 20 and D.G.R., unpublished). 

Model A (Fig. 4) assumes a standard oceanic crustal section 
as far as the landward edge of Zone III, here assumed to be 
the continent—ocean transition. Landward thick lavas rest on 
thin continental crust. The difference between the observed and 
alculated anomaly is substantial and implies a lighter crustal 
olumn. We have attempted to construct a lighter crustal column 
sing an Icelandic structure but find even greater disagreement. 
Model B (Fig. 5) assumes that oceanic crust is only present 
far east as the outer high and the landward limit of anomaly 
B. The landward edge of the outer high is here identified 
ie continent~ocean transition. The agreement between the 
ved and computed anomalies is good and indicates that 




































he mass balance can be satisfied by the presence of stretched 
ntal crust at depth. 





hould be stressed that these models are crude in that deep 


raction data are not available to constrain the position of 
oho or velocity and density gradients in the lower part of the 
rust beneath the lavas. Nonetheless, the depth of penetration 
chieved in the seismic profiles places a considerable constraint 
mn the possible range of variations in structure that can be 
ealistically proposed in the lower crust. 

Our results have considerable implications for the nature and 
sition of the continent-ocean transition in such margins. In 
conjugate margin of East Greenland, the oldest magnetic 
maly, —24B, overlaps the coastal basalts and dyke swarm”. 

sre, we have compared our model y th 

tions across Ea 
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Fig. 5. Gravity model B of deep - 
~b- crustal structure along the line of the 
114-00 seismic profile. The model assumes 
that oceanic crust extends only to the 
inner edge of the outer high. Dashed 
line, observed gravity; solid line, 
computed anomaly. Level of com- 
pensation, 35 km. 
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part of the section concealed beneath the deeply subsided basalts 
of Rockall (ref. 7and D.G.R. et al., in preparation). Continental 
crust is exposed beneath the basalts on the south shore of 
Scoresby Sund and within 20 km of the dyke swarm”. On the 
basis of our gravity model and by analogy with East Greenland, 
we argue, therefore, that the landward edge of the outer high 
represents the continent-ocean transition. 

Although deep refraction data are needed to substantiate the 
nature of the continent-ocean transition, we tentatively offer a 
model for the evolution of this margin. Rapid and intense heating 
of thick, cold continental lithosphere was accompanied by per- 
vasive dyke intrusion and voluminous eruption of lavas. Dyke 
intensity within the crust increased with time and towards the 
rift axis as the asthenosphere rose to break through the continen 
tal crust, forming the first oceanic crust represented by the out 
high. In this model the dipping form of the reflectors reflects 
the response of the thermally weakened lithosphere to loading — 
by lavas. The development of antithetic faulting adjacent to the — 
outer high reflects thermal uplift immediately before the break- - 
through of the asthenosphere and the onset of spreading. > 

-D.G.R. acknowledges support from the NERC and the 
Department of Energy for his participation in DSDP Leg 81 
and acquisition of the seismic data. Part of the seismic data was: 
reprocessed by BP Petroleum Development Ltd. Part of this 
work was done while D.G.R. was at the Institute of Oceano- 
graphic Sciences, Wormley, Godalming, Surrey GU8 5UB, UK. | 
This paper is published by kind permission of the Board of 
Directors of BP Ltd. 
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‘Biological marker compounds provide useful tools for evaluat- 
ing the depositional environments of Recent and ancient sedi- 
ments and petroleums‘, largely through established relation- 
ships between the organic matter of sediments and source 
organisms’. Such relationships are best tested and explored 
by investigating the lipid components of natural populations of 
autochthonous biota that can be clearly recognized as con- 
tributors to underlying bottom sediments. In this context we 
have studied the lipids of the freshwater dinoflagellate 
Peridinium lomnickii Woloszynska (order Peridiniales, class 
Dinophyceae) collected from the waters of Priest Pot*, a 
eutrophic lake in the English Lake District. Its distributions of 
both 4a-methylsterols and 4a-methylstanones closely resemble 
those of the underlying bottom sediments, demonstrating that 
dinoflagellates are important contributors of these sedimentary 
compounds. The 4-methylsteroidal hydrocarbons found in 
ancient sediments and petroleums*~* are presumably diagenetic 
products of such 4a-methylsteroids and therefore reflect dino- 
flagellate inputs to the original depositional environments. Fur- 
thermore, the prominence of 5a(H)-cholestan-3f-ol in P, 
@omnickii suggests that dinoflagellates may be the long sought, 
“direct biological source of sedimentary Sa(H)-stanols. 
Dinoflagellates are major primary producers i in the oceans” 
differing from other classes of both marine and lacustrine se 
with respect to the dominance of 4a-methylsterols among their 
sterol components and the uniqueness of certain of these 4a- 
methylsterol structures. As the principal sterol of several marine 
dinoflagellates” 210 and other organisms with dinoflagellate sym- 
- bionts**, dinosterol (4a,23,24-trimethyl-5 a(#)-cholest-22-en- 
< Sp-ol, Fig. 1, compound Ve) has been used as a biological 
.. marker for dinoflagellate contributions to sediments? 6. Many 
<>. other 4a-methylsterols, including C-s (Fig. 1, compound Va), 
Coo (Vb, Ve), Cao (Vle, Vf, Vd) and C3, ( Vg) | components, 
variously occur in natural’ 17 and cultured”? 1923 populations 
of marine dinoflagellates, including Peridinium foliaceum’?. 
_ These compounds have been used as indicators of dinoflagellate 













“prominence of such 4a- -methylsterols in subsurface sediments 
from the Namibian Shelf and the Peru upwelling area, and the 
lack of morphological remains of dinoflagellates (for example, 
< cysts) in these sediments has led to speculation that these com- 





puts to marine sediments'*"*. The discrepancy between the 


-pounds may be derived from other phytoplankton, perhaps — 
na eae . There a are aie reports of the sterol oe a 
SHN E. p 





_cholest-8(14)-en-38-ol (Fig. 1, compound IVa), not p 


4: DeCharpal, O., Guennoc, P., Montadert, L. & Roberts, D. G, Nature 278, 706-711 ia. i 



















Fig. 1 Sterol, stanone and steryl ester structures. A, Steroid 
nuclei; R = steryl side chain C,,H., or CisHa; (a-gi in B)-B, Steri 
side chain; N =steroid nuclei (I-XII in A). 


examined and compared the lipid compositions of a natural 
population of the dinoflagellate P. lomnickii, and a short core 
of bottom sediment, collected from Priest Pot’, x 
P. lomnickii Woloszynska occurs, mainly during late winter 
months, in the plankton of small lakes in Poland, Holland, 
France and Central Europe”. The organism is egg-shaped, with 
dimensions of 25-40 um X 22-35 um. A sample of P. lomnickii. 
was collected from Priest Pot at a water depth of 1.2m when 
present in high abundance (chlorophyll a>1 mg 1°). Thecon- 
centrations of P, lomnickii in the epilimnion of Priest Pot and- 
their high turnover rate suggest that substantial amounts of- 
lipids derived from the dinoflagellates would have contributed 
to the underlying sediment. Preservation will also be aided by 
sedimentation into the anoxic hypolimnion? present during sum- ; 
mer stratification of Priest Pot. : 
The lipids of P. lomnickii and those of the underlying sediment 
(0-6cm) were extracted (CHCI,/MeOH) by ultrasonication, 
followed by exhaustive extraction using a Soxhlet apparatus, 
Their total lipid extracts were separated by Al,O; column 
chromatography and SiO. TLC, The various fractions obtained | 
from the algae and sediment were analysed, after derivatization — 
with. bis(trimethylsilyl)trifluoroacetamide to yield trimethylsilyl 
(TMS) ethers for. alcohols, by gas chromatography (GC) and 
computerized-GC-mass spectrometry (C-GC-MS), as pre: 
viously described*”**, Sterol and stanone identifications we 
based on GC retention times and individual mass s yectr 
comparison with previously published assignments!*'4?7? 
Both the natural population of P. lomnickii and the botte 
sediment contain similar suites of free sterols (Fig. 2), includi 
desmethylsterols and 4æ-methylsterols. In addition, both | 
tain the same range of 4a- -methylstanones (Fig. 3). A $ 
amount of sterols was also present in an esterified fo 
P. lomnickii. Undoubtedly the most striking feature of 
analyses is the high proportion of 4a-methylsterols and Sai 
stanols (Table 1) in both the organism and the bottom sedime 
The fact that all of the 4a-methylsterols recognized in P.. 
nickii were present among the free lipids of the sedimen 
similar relative amounts (Fig. 2)°°, provides circumsta: 
evidence for the dinoflagellate origin of the sedimentar 
methylsterols. One 4a-methylstanol, 4a-methy 
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_ Fig. 2 Partial reconstituted ion chromatograms (RIC) from C- 
_. GC-MS analysis of the alcohols (as TMS ethers) of: A, P. lomnickii 
_ Woloszynska; B, Priest Pot sediment (0-6 cm) free lipids. Sterol 
identities and structures. are given in Table 1 and Fig. 1, respec- 
tively. GC conditions: 25m OV-1 wall-coated Flexsi! capillary 
column, programmed over 50-280 °C at 4°C min™!, after splitless 
injection at ‘ambient temperature. MS conditions as described 
previously?” with spectra (m/ z 50-550) recorded every second. 
The sterols present in P, lomnickii (designated peaks in A) were 

~ all recognized in the sediment (B), together with various other 
sterols (mainly Cz-Cy,4°- and A’-stenols and 5a(H )-stanols) 

derived from other sources”. 


- gooanthellae’®. It may occur in P. lomnickii at growth stages 
__ other than that sampled, or in another species of dinoflagellate 
_ inhabiting Priest Pot. Alternatively, this A809 sterol may reflect 
_ methanotrophic bacterial activity in the sediment, since it has 
been recognized in Methylococcus capsulatus***?. 

Previous reports have inferred bacterial de novo synthesis of 
_ 4a-methylsterols in lacustrine sediments’*’, based on their 
occurrence in M. capsulatus™” and their absence both in poten- 


‘able 1 : ‘Sterols and stanones present in a dinoflagellate population ( 
`n identity 


terols 
7 Cholest-5-en-38 -ol 
T- Sa(H)-cholestan-38-ol 
7 -Sal H)-cholest-7-en-38-ol 
- 4a-Methyl-Sa(H)-cholest-8(14)-en-38-ol 
28 4a~Methyl-Sa(H)-cholestan-3B-ol 
8 24-Methyl-Sa(H)-cholestan-3f-ol 
9. 4a,24-Dimethyl-Sa(H)-cholest-22-en-38-ol 
- 24-Ethylcholest-5-en-38-ol | 
-24-Ethyl-5a(H)-cholestan-36-ol 
,24-Dimethyl-5a(H)~cholestan-3B-ol 
a,23,24-Trimethylcholesta-5,22-dien-3p-ol 
3,24-Trimethyl-5a(H) -cholest-22-en-38-ol 
24-Trimethyi-5a(H)-cholestan-3p-ol 
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Fig. 3 Partial RIC from C-GC-MS analysis of the ketone fraction 
of: A, P, lomnickii; B, Priest Pot sediment (0-6 em) free lipids. 
Stanone and structure identities are given in Table 1 and Fig. 1, . 
respectively. GC and MS conditions as in Fig. 2. No A*-sten-3-ones. 
were detected in A or B (see refs 14, 16, 24, 37). The 4a- 
methylstanones present in. P. lomnickii (designated peaks in A) 
were all recognized in the sediment B, together with 5B(H)- and 
5a(H)-stan-3-ones (VIL and IX in Fig. 1) derived from other 


9,36 
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‘sources or formed by in site microbial oxidation of sterols? 


tial external sources such as plankton”” and in the products of 
sterol incubation in the sediments**. The suggestion”? that bac- 
teria like M. capsulatus are the source of dominantly ring- 
saturated 4a-methylsterols'*"**** in marine sediments seems — 
unlikely, as this methanotroph is reported to contain only 
nuclear unsaturated components™™. In addition, the only 
nuclear unsaturated 4a-methylsterol recognized in marine sedi- 
ments is 4a-methyl-24-ethyl-Sa(H )-cholest-8(14)-en-3B-ol 


Peridinium lomnickii) and in bottom sediments from Priest Pot (Figs 2, 3) 


| Quantitation 
P. lomnickii 


Structure 


(Fig. 1) Sediment 













ig. 1, Compound IVd)'*, a known Cs component of dino- 





`: flagellates*; by contrast, only Cg 4a-methyl Aë} H -steroids were 

identified in M. capsulatus??? Furthermore, the recognition of 
‘dinosterol in particulate traps*** demonstrates that sedimen- 
_tary 4a-methylsterols can originate from pelagic sources in 
, the marine environment'‘, diminishing the need to invoke 
heir de novo synthesis by bacteria>*-? in the underlying sedi- 
ments. 

Present evidence suggests that there are two major sources 
for the steroidal ketones found in sediments’: formation by 
microbial degradation of sterols, as demonstrated by radiolabell- 
ing studies*°; and contribution as direct biolipid inputs from 

_ planktonic or other organisms, despite the sparcity of such 

reported occurrences?’. Dinosterone ( 4a,23,24-trimethyl- 
9 @(H)-cholest-22-en-3-one; Fig. 1, compound VIIe) has been 
identified in a cultured marine dinoflagellate?! and in marine 
sediments***’** where, like dinosterol, it has been taken as an 
indicator of dinoflagellate inputs. The identification, in recent 
marine sediments***’* and particulate matter traps**35, of 
_ other 4a-methylstanones (for example, Fig. 1, compounds VIa, 
VIIb, VIIc, VIIf), which were not known to occur in organisms, 
raised the possibility that these compounds were oxidation pro- 
ducts of 4a-methylstanols*’. Such 4a-methylstanones and 
dinosterone are, however, major components of the free ketone 
fraction isolated from the sample of P. lomnickii collected in 
Priest Pot (Fig. 3A). Indeed, the distribution of 4a-methyl- 
stanones in this freshwater dinoflagellate is very similar to that 

Of the 4a-methyisterols (compare designated peaks in Figs. 2A, 
~« 3A), reflecting the common biosynthetic origin of these groups 

of 4a-methylsteroid components. The proposed role of dino- 
flagellates as contributors of 4a-methylsteroids to sediments is 
supported by the occurrence, in the underlying sediments of 
Priest Pot (Fig. 3B), of all of the 4a-methylstanones recognized 
in P. lomnickii (Fig. 3A), together with various 4-desmethyl- 
sterones derived from other sources’. 

We infer from these data that the freshwater dinoflagellate 
P. lomnickii is the major source of 4a-methylsterols and 4a- 
methylstanones in the lacustrine environment of Priest Pot. 
Other species of freshwater dinoflagellates may also contain 
these lipids, by analogy with their widespread distribution in 
marine dinoflagellates. Presumably, dinoflagellates can con- 
tribute 4a-methylstanones as well as 4a-methylstanols to 
underlying sediments in both marine and lacustrine environ- 
ments. Dinoflagellate blooms may be aggregated both vertically 
and horizontally in a stratified lake% and dispersion of aggre- 
gates by wind-induced destabilization of the water column can 

_  Ccur readily. In Priest Pot the bloom of P, lomnickii occurred 

‘ogatermittently between early April and mid-June. The biolipid 
imprint of dinoflagellates would, therefore, be expected to be 
associated with brief pulses of organic matter deposited as thin 
layers of sediment. Hence, plankton sampling in lakes at monthly 
intervals, as made during the study of sterols in Lake Leman? , 
might miss a dinoflagellate bloom and its component 4æ-methyl- 
sterols. Alternatively, the plankton population of Lake Leman 
may have changed in recent years, as 4a-methylsterols were 
not detected in the upper 3 cm of the sediment?’ 

The 4a-methylsteroids, notably dinosterol (Fig. 1, compound 
Ve), preserved in certain ancient marine sediments, have been 
attributed to dinoflagellate inputs*°*". The identification of 4a- 
methylstanols and 4a-methylstanones in P. lomnickii suggests. 
that the occurrence of such compounds in ancient freshwater 

_ sediments, such as the lacustrine Messel shale*?, may also reflect 
ontributions from dinoflagellates. A- complex, systematic 
sequence of diagenetic reactions modify sterols and sterones in 
sediments, generating a variety of steroidal hydrocarbons!. 4- 
Methyl analogues of such compounds occur*°, presumably 
formed from 4-methylsterol and 4a-methylsterone precursors 
sirr | at C-4'7. This 
















Various suggestions have been made to ac ount for 
relative abundance of 5a(H)-stanols (Fig. 1, comp 
compared with A°-stenols (compound I) in sedi 
organisms'; also, for the observed increase in stani 
ratios with sediment depth**“*, The present con 
geochemical opinion suggests that preferential degr 
stenols relative to stanols can account for the inc 
depth in the stanol/stenol ratio*™**, and that in man 
ments this process is more significant than in situ 
reduction of stenols to stanols*5, Also, it is now re 
that Sa(H)-stanols are major sterols of certain organ 
example, Sa(H)-cholestan-38-ol (Fig. 1, compound Ia 
prises 5.6% and 7.5% of the total sterols of the ma 
flagellates Noctiluca milialis'’ and Pyrocystis lunula sp 
tively. In P. lomnickii collected from Priest Pot, the high at 
ance of 5a(H)-cholestan-38-ol (Fig. 2A, compound Ia) is 
striking, as its dominance over cholest-5-en-38-ol (Fig. 2A, 
compound Ia). This feature is partly preserved in the underlying 
sediment (Fig. 2B), where contributions of cholest-S-en-3B-ol 
from other sources appear to diminish the C,, stanol/stenol 
ratio. Similarly, 24-ethyl-Sa(H) -cholestan-3B-ol (compound | 
Hd) is a significant component of both P. lomnickii and the 
sediment (Fig. 2, compound Ild). These data suggest that the 
freshwater dinoflagellate P. lomnickii, and presumably other 
dinoflagellates, are important sources of sedimentary 5a (H)-- 
stanols. A direct source for S5a(H)-stanols in several sediments _ 
can be inferred from the lack of correlation between the Sa(H)-- 
stanol/A°-stenol ratios for different sterol moieties 17142728 
a feature that excludes the uniform or systematic reduction of | 
stenols to stanols. For marine sediments from the Black Seat? 
and elsewhere’*"!*?446 which contain 4a-methylsterols,. it 
seems likely, therefore, that a portion of their Sa(H)-stanols 
could be attributed to contributions from dinoflagellates, = 

The lipids of P. lomnickii also include series of steryl esters, 
namely stanyl (compound Xa) and 4a-methylstanyl (com- | 
pounds XIa, XIb, XIe, XIf) tetradecanoates (R'=C,3H57 in 
Fig. 1) and hexadecanoates (R’ =(C,5H3, in Fig. 1). Such fas 
methylstanyl esters with various side chains (compounds Alb, 
XIc, XId and Xle} have previously been identified in a cultured © 
marine dinoflagellate, together with 4a-methyl-A°"-steny] _ 
esters (compounds XIa, XIIb and XIId)ë. Hence, the promi- — 
nénce of esterified 4a-methylsterols in Black Sea sediments’? _ 
is probably a further reflection of the importance of inputs from © 
dinoflagellates to these sediments*”. cee 
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_1,8-Dimethylnaphthalene as an 
_ indicator of petroleum maturity 
~ Robert Alexander, Robert Kagi & Peter Sheppard 


~~ Petroleum Geochemistry Group, School of Applied Chemistry, 
` Western Australian institute of Technology, Kent Street, Bentley, 
_ Western Australia 6102 





_ The maturation of sedimentary organic matter along the 
evolutionary pathway which eventually gives rise to petroleum 
js of fundamental importance in petroleum geochemistry. The 
use of aromatic hydrocarbons as indicators of maturity of associ- 
ated organic matter is now attracting increasing attention”. 
- We have examined the distributions of the 10 isomeric dimethyl- 
- naphthalenes (DMNs) in organic extracts of sediments and in 
a range of crude oils; the relative abundance of the 1,8-isomer 
_ (14,8-DMN) was found to change markedly and in a systematic 
manner both with depth of sediment burial (and temperature) 
‘and with values of other maturity parameters. We also report 


a correspondence between the 1,8-DMN ratio and two estab- 

Jished molecular maturity parameters in crude oils selected to 

pan a wide range of geographical location, geological age, and 

zanic matter source type. The variation in the 1,8-DMN ratio 

such that the maturation of samples ranging from immature 
to mature condensates can be determined. 

» previously reported a protocol for quantitative analysis 

i DMN isomers in oils and source rock extracts", and we 

now developed the procedure to be applicable to determi- 

n of the 1,8-DMN ratio on a routine basis. Briefly, an 

matic fraction is first separated from the source rock extract 

iquid chromatography; an alkylnaphthalene fraction is then 
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Age of Source 
reservoir  C47/Cag 
formation ` steranës 
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No. Name Location- 

(1) Barrow 6200 
crude oil 

(2) Barrow 6700 
crude oil 

(3) Barrow 
condensate 

(4) Shangli crude 
oil 

(5) Lambert crude 
oi 

(6) Mangara crude 
oil 

(7) Muderong crude 
oil | 

(8) North Apoi 
crude oil 

(9} Vern crude oil 

(10) Safaniya crude 

oil 


W. Australia Cretaceous 


W. Australia Jurassic 0.8 


W. Australia Jurassic 950 


China © | Cretaceous 23 . 


W. Australia Triassic 0.8 


Chad Cretaceous oe 


W., Australia Cretaceous 0.8 


Nigeria Miocene 1.1 
Jurassic 


Denmark 1.5 
Cretaceous 1.2 


Saudi Arabia 


abundance changes by almost two orders of magnitude in going 
from the shallowest (cooler) to the deepest (hotter) samples 
illustrates the great sensitivity of this isomer to its thermal. > 
environment. i l ve 
Some particulars of the oils used in our study are presented 
in Table 1. Differences in geographical location and geological 
age of the reservoir formations are immediately apparent. The 
source type of each oil was inferred from the ratio of its Cy7/Cag 
sterane components: increased levels of Cay steranes indicate 
increased contribution of marine organic matter'®. Figure 2 
shows plots of the logarithm of the 1.8-DMN ratio against two 
other maturity indicators based upon biological marker com- 
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Fig. 2 Plots showing a comparison of thermal maturation para- 

meters based on sterane (C39(20S/20R)) and triterpane (T n/T) 

biological marker compounds with the relative abundance of 1,8- 

dimethyinaphthalene for crude oils. Refer to Table 1 for identifica- 

tion of crude oil samples. Concentrations of steranes in sample 6 
a were insufficient for reliable measurements. 





pounds which have been established recently. The first of these 
-indicators is based on the observation!°!4 that the concentration 
of Czo sterane with the 20R-Sa(H),140(H),17@(H)-configur- 
ation decreases relative to that of the corresponding 20S isomer 
with increasing maturity. Thus the ratio 20S/20R increases with 
increasing maturity, reaching a maximum value of approxi- 
mately 1.1 in the oil window. The second of these maturity 
parameters is based upon the change in relative concentrations 
of two Cz, hopane isomeys. The concentration of 17a@(H)- 
22,29,20-trisnorhopane (Tm) decreases with respect to that of 
18a(H)-22,29,30-trisnorneohopane (T;) with increasing levels 
of maturation: accordingly, the ratio T/T, has been developed 
as a maturity parameter’ but is somewhat less reliable than the 
parameter based on steranes. Both plots shown in Fig. 2 reveal 
a good correlation for most samples within the range where the 
biological marker parameters are applicable. The location of 
the point for sample 3, a condensate, is interesting: evidently 
this sample has undergone maturation beyond the dynamic 
_ range of the biomarker maturity parameters, and this is reflected 
om the 1,8-DMN ratio. Thus the new 1,8-DMN parameter 
“appears to have potential as a maturity indicator for high matur- 
ity zones where formation of condensates and gases occurs; the 
maturity of such zones may not be measured satisfactorily by 
the biological marker maturity parameter. Again, values of the 
1,8-DMN ratio do not appear to be susceptible to change in 
source type of organic matter. A further factor in favour of the 
1,8-DMN ratio as a maturity parameter is that DMNs are well 
represented even in light crude oils and condensates; they occur 
at greater concentrations than the biological markers of such 
samples, and hence are likely to be more representative of the 
geological history of the samples. Furthermore, they occur at 
concentrations convenient for analysis by gas chromatography: 
expensive gas chromatography—mass spectrometry facilities are 
therefore not required to measure this parameter. 
We gratefully acknowledge West Australian Petroleum Pty 
Ltd for access to geological samples and permission to publish 
-and we thank Dr L. W. Slentz of Chevron, La Habra, California, 
for providing samples of crude oils. This research was supported 
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tion Program of Australia. 
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pt 
With the development of direct detection radiocarbon dating, _ 
which uses an accelerator as part of a highly selective mass _ 
spectrometer, it is now possible to determine the age of mil- 
ligram samples of organic materials’. One application of 
accelerator dating is in evaluating scanty, sometimes controver- 
sial evidence for early horticulture throughout the world. We _ 
have now used the technique to date small samples of carbon- _ 
ized, cultivated plant remains from archaeological sites in _ 
Illinois. The results, reported here, establish (1) that squash — 
was introduced by 7,000 yr ago, 2,500 yr before eastern North 
American records previously reported; (2) that horticulture _ 
involving indigenous plants had begun by 4,000 BP in eastern 
North America with domestication of Iva annua, asmall-seeded __ 
annual; (3) that anomalous discoveries of Archaic period maize __ 
represent contaminants; and (4) that introduction of maize by 
initial Middle Woodland times (~2,000 BP) is questionable. __ 
Misidentification of plant materials, post-depositional disturb- 
ance, misinterpretation of archaeological context, and sampl 
cross-contamination can all lead to spurious evidence of earl 
horticulture®. Bulk extraction of plant remains from sedim 
such as by flotation, has increased the quantities of plant rema 














lost. With the advent of accelerator dating, contextual unci 
tainties can now be effectively resolved by determining the age 
of critical specimens directly. Previously, this was seldom po 
ible because most specimens are too small to determine + 
content by conventional B-decay counting. 3 dare 

Nine samples of carbonized plant remains from five archa 
logical sites (Fig. 1) were selected for accelerator d; 
Table 1 gives-the results. Samples were selected for whic 
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Fig. 1 Archaeological site locations in Illinois. 


- difference between the age of a specimen, based on apparent 
context, and its probable age, if present as contaminant, was 
_ great enough to be resolved even with a large standard error 
in the accelerator age determination. 
oe Dating was conducted on the University of Rochester's tan- 
-dem Van de Graaff accelerator by methods described in refs 
_ 1-5. Carbon isotope ratios were obtained by analysis of a carbon- 
containing ion beam produced in a caesium sputter source. 
_ Samples used in the source were homogeneous mixtures of 
_- pretreated and powdered archaeological charcoal and powdered 
copper. Abundances of '*C and ‘°C atoms were determined by 
Faraday cup current readings; ““C atoms were counted 
-individually in a gas-filled ionization counter. Background ay 
was shown to be negligible by measuring 14C in a 40,000-yr-old 
charcoal sample. 
3 Age determinations, corrected for natural and accelerator 
F isotopic fractionation, were accomplished by comparing 
-120713C/14C ratios in the archaeological specimens with those 
in an AD 1850 wood standard. Isotopes in each sample were 
measured cyclically several times and compared with the 
standard at least twice. The quote uncertainties are lo error 
estimates, based on either the sample variance of repeated 
measurements or the statistical uncertainties resulting from the 
limited number of atoms counted, whichever was greater. 
Records of Archaic period squash (Cucurbita sp.) from west- 
central Illinois consist of carbonized rind fragments from seven 
_ distinct occupations at four sites. Three samples were dated by 
direct carbon detection, retaining part as a voucher: from Koster 
and Napoleon Hollow sites (the oldest samples) and from 
Lagoon. Each date confirms the independently assessed age of 
the specimen’s context (Table 1). 
= Koster’ and Napoleon Hollow? were occupied repeatedly 
during the Holocene. Situated on colluvial fans, these sites have 
well-marked stratigraphies that are substantiated by numerous 
B-decay dates. The oldest squash, about 7,000 yr old, was 
recovered from Koster occupational horizon 8B, 3;-4m 
neath the surface. From 516 g of horizon 8B charcoal, seven 
quash rind fragments weighing 27 mg were identified in three 
239 flotation samples. The slightly more recently dated squash 
m Napoleon Hollow was 2.6 m below the surface within the 
r of two Middle Archaic occupational strata. 
ccelerator dating substantiated the age of squash from a 
-surface context at Lagoon”, where ring fragments were 
ind with a Sedalia point in a shallow pit truncated by 
sughing. Sedalia points are a diagnostic artefact type of the 
s dominant occupation, a 4,000-yr-old Late Archaic Tit- 
erington component. 
Other records of squash rind between 7,000 and 4,000 BP 
supported by B-decay dates on associated charcoal. They 
ude squash ina midden of Koster horizon 8A (6,860 + 80 BP, 
GS-835)} and in three dated pit features: Napoleon Hollow’s 
per Middle Archaic occupation (5,350+70 BP, ISGS-938) 
d Titterington occupation (4,060+75 BP, ISGS-823) and 
ihlman site’s Titterington component (4,010 + 130 Bp, ISGS- 
82). (Investigations at Kuhlman were directed by H. Hassen, 


















































r for American Archeology” .) E 
America, the presence of pepo squa 
4,400 BP is firmly established??? 

Epidermal lithocysts and a regular organization of large 
isodiametric cells in cross-section make small Cucurbita rind 
fragments easy to identify. No wild Cucurbita is native to Illinois 
but Cucurbita foetidissima extends eastward into Missouri (per- 
haps even farther east during the Hypsithermal climate of 
7,000 BP?), and it is adventive into Illinois along railroads?’ 
The carbonized archaeological rinds are thicker on the average 
than rind of C. foetidissima but are comparable with C. pepo — 
var. ovifera, a weedy ornamental variety probably similar to the 
ancestral form of C. pepo’. Thus, the Archaic squash is pre- 
sumably C. pepo, the only cultivated squash documented in 
prehistory from the midwestern United States’®. 

Pepo squash was probably introduced from Mexico or south- 
east Texas!’. It self-propagates readily and may seldom have 
required replanting. The prehistoric rind fragments are too small 
to observe effects of selection under cultivation. Presumably, 
early squash had thin flesh, perhaps unaltered through selection 
to eliminate bitterness'®. The seeds would have been edible, but 
the plant’s value as containers, floats and rattles may have 
exceeded its importance as food*?. 

Iva annua L. (marshelder), whose achenes contain an edible 
oily kernel, was one of the species cultivated before maize-based | 
horticulture. By 5,700-4,900 BP at Koster (horizon 6, Helton 7 
phase), Jva was economically important, though not necessarily 4 
cultivated, as the achenes are wild-sized*°. From Napoleon J 
Hollow there is evidence that domestication had begun by 4,000 
Bp. Among 79 I. annua achenes from a shallow pit, measurable 
specimens have a mean length of 4.2 mm (n = 44) and a mean 
width of 2.8 mm (n = 58)!° corrected by Yarnell’s method?’ for 
loss of pericarp and shrinkage from carbonization. Dimensions 
exceed mean achene size from modern wild stands (~ 2.8 x 
2.2 mm)" or from older archaeological contexts'’ and are com- 
parable with those of domesticated Iva from Salts Cave, Ken- 
tucky, at 3,000 Bp?*. Current evidence suggests that achenes 
this large would not be produced as a phenotypic response to 
favourable growth conditions; nor would they result from selec- 
tive harvesting or processing in an undomesticated population”, 

The Iva-containing pit was 0.9m below the surface at the 
base of a buried Titterington Archaic cultural stratum. Dispersed 
charcoal from the pit was dated by the B-decay method, and 
one of the large achenes was selected for accelerator dating to 
test for intrusiveness from an overlying post-Archaic cultural 
stratum. The results confirm the Titterington Archaic associ-. 
ation (Table 1). ne 

Compelling evidence for cultivation by 4,000 BP exists for 
no other plant of eastern North America’s native small-seed 
horticultural complex!*. Notably, seeds of two members of this 
complex, Chenopodium bushianum Aellen (goosefoot) and 
Helianthus sp. (sunflower), occurred with Iva in the Napoleon 
Hollow pit. Possibly they were also cultivated at this early time, 
but the seeds could not be distinguished from wild types’. 

From Koster, carbonized maize cupules, kernels and glumes 
were identified (1) in nine flotation samples from four cultural 
horizons, 9D to 9A, which are stratigraphically below the 
squash-yielding levels and have P-decay dates of 8,220- 
7,800 BP; and (2) in a sample from a Late Archaic stratum, 
above which a B-decay date of 2,980 BP was obtained’. Separ- 
ation from potential sources of contamination seemed as good 
as one could hope for at an archaeological site, especially for 
the older, deeply buried strata. However, since an Archaic ag 
for maize in eastern North America would have broken radically 
with current archaeobotanical syntheses, only dates on the maize 
itself could provide the needed strong test of age. Accelerator 
dating shows conclusively that it was a late prehistoric or recent 
contamination (Table 1). 

The maize was a contaminant in 0.3% of the Archaic flotation 
samples. Cross-contamination in processing probably intro- 
duced it into the older samples. Post-depositional disturbance 
may account fi ore shallowly buried Late Archaic 
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Specimen age, accelerator 
date (yr pp)* 


7,100 + 300 (NSRL-298) 


Specimen _ Site, provenience 


om Koster, Sq. 41-32 (hor. 8B) 





Squash rind ` 
Squash rind Napoleon Hollow, Sq. 36-46 


Lagoon, Feat. 102A 


Table 1 Accelerator dates and associated 8 -decay dates 


7,000 + 250 (NSRL-299) 


4,300+ 600 (NSRL-303) 















Associated B-decay dates 
(yr BP)* 
6,910+100 (ISGS-1082) 

6,960+ 80 (ISGS-848) 
7,000+ 80 (ISGS-809) 
6,630% 100 (ISGS-786)+ 
6,730+ 70 (ISGS-937) - 
6,800+ 80 (ISGS-817) a 
4,010 + 150 (ISGS-798) Pai 
4,030+ 75 (ISGS-804) 


Iva añ Napoleon Hollow, Feat. 20 4,500 +500 (NSRL-297) 3,920 90 (ISGS-933)ł <2,000. 
i E © 4060+ 75 (ISGS-823) (eee 
Maize Koster, Sq. 193-61 (hor. 9B) ~ 2504300 (NSRL-295) 7,920 150 (ISGS-923) <1,350 o 
Maize Koster, Sq. 411-12 (hor. 4B) 600+ 400 (NSRL-296) 2,980 70 (ISGS-956)§ <1350 | 
Maize Jasper Newman, Feat. 33 (=13) 4502500 (NSRL-300) 2,030 + 140. (ref. 37) <90 
o S664 cm © 2000+140 (ref. 37) (600-500) 
Maize Napoleon Hollow, Sq. 73-01 0+300 (NSRL-301) 1,8004 70 (ISGS-904) <1350 0 | 
| 1,970+ 70 (ISGS-935) eee 

Maize Crane, 56E1-03, 56E2-03B 1,450 350 (NSRL-302) 1,710 70 (ISGS-1081) <1,200° 





t Based on previously 


į + From same feature or flotation sample as accelerator-dated specimen. 
a. § From above maize in 22 m test Square, horizon 4A. 


context, which was 0.7 m beneath maize-bearing Late Wood- 
land/ Mississippian levels. Schoenwetter” also identified three 
maize pollen grains in samples from Archaic horizon 6. Their 
authenticity as Archaic pollen is no more credible than that of 
the carbonized maize before the accelerator age determinations. 
It was once widely postulated that the cultural complexity of 
Hopewellian and contemporaneous Middle Woodland groups 
at about 2,000 BP required a productive dependable subsistence 
base attainable only through maize horticulture. Recent 
intensive flotation sampling has not substantiated this 
proposition’***?5_ Also, increases in C/"C ratios in human 
bone due to maize consumption appear to post-date Middle 
Woodland times”®?”, Establishing whether maize was even pres- 
ent at 2,000 BP remains important for selecting among models 
of horticultural development. Was it a more recent introduction? 
If so, maize might have rapidly become a major crop because 
Pi: was immediately judged to be a superior food resource. Or 
~ was there an earlier lengthy period of petty utilization? This 
alternative has led to suggestions that time was required to 
select strains of reliable and high yield in eastern North 
American habitats or that demographic pressures among Late 
Woodland populations were central in transforming economies 
from primary dependence on traditional, nutritionally adequate 
foods towards more productive but nutritionally unbalanced 
maize-based systems25-32, _ | 
Several maize discoveries. ‘possibly dating to ~2,000 BP or 
even earlier are reported from eastern North America!®!933-35. 
For many of these, a potential for contamination is obvious, 
especially because Middle Woodland sites are often unstratified 
near-surface deposits reoccupied later by maize-using groups. 
A residuum of cases has been widely accepted'®, but in each 








uality of evidence for origin and dispersal of cultivated. plants, 
confidence in the authenticity of an association is reduced when 
the quantity of material is small, however secure the context 
may seem. We could not accept that the introduction of maize 
into eastern North America by 2,000 BP had been established 
incontestably. Therefore, we selected maize for accelerator dat- 
ing from three of the best apparent Middle Woodland associ- 


ations in Ilinois: from Jasper Newman, Napoleon Hollow and 


Crane sites, 





* Based on '4C half life of 5,568 yr, corrected for isotopic fractionation, 


documented antiquity in region and on archaeological components represented 


- association was uncertain because 
~ ment which obscured the U7 sub- 
<- plough-zone pottery sherds within 2m of the sample were 


1,750 
1,870 + 
2,050 + 


70 (ISGS-951) 
70 UISGS-1107) 
70 (ISGS-898) 








HC fluctuations, 0 Bp = AD 1950. 
at site. 


uncalibrated for atmospheric 


At Jasper Newman, Gardner excavated several cob fragments _ 
and detached cupules from lower levels of a pit truncated by 
ploughing’, A B-decay date of 2,030 BP from the pit”, the 
presence of 186 Havana sherds, and apparent protection of the 
pit fill from subsequent disturbance all supported a Middle . 
Woodland association. Still, this was the only Middle Woodland 
context at the site in which maize was identified (L. W. Blake, - 
personal communication). The Illinois State Museum provided | 
us with cupules from the pit for dating. The date, 450 BP, is. 
younger than 2,030 BP by a 3o level and is close to dates of 
620-520 BP obtained from three Mississippian pit features at » 
the site*’. Thus, accelerator dating has disposed of the case _ 
formerly regarded by at least one archaeobotanist*® as ‘the ` 
earliest convincingly dated maize in the East’. Can any other 
early maize record, then, be considered established. beyond 
reasonable doubt? a 

At Napoleon Hollow, maize was discovered from a 25-m? 
trash dump in a surface A-horizon on a steep forested slope _ 
never disturbed by ploughing. Two carbonized maize cupules _ 
and a glume were present in one flotation sample. Dates of _ 
Middle Woodland age on dispersed charcoal (Table 1) corres- _ 
pond with the inferred age of artefacts from the deposit, which 
include sherds from 76 Middle Woodland vessels. In this unusua 
location for an archaeological site, evidence was lacking for late 
prehistoric or historic activities plausibly serving as a sour 
carbonized maize. Nevertheless, an accelerator date on one 
cupule plainly establishes that it was a recent contaminant 

At Crane, a Middle Woodland base settlement”? 9' 
midden flotation samples contained carbonized — maiz 
However, remains of very minor Late Woodland occupation: 
were also present in the essentially unstratified midden. (1) A 
Jersey Bluff occupation (post-1,200 BP) was represented only a 
by midden debris and accounted for less than 4% of sherdsin 
surface collections. Maize is common at other Jersey Bluff 
sites°°. (2) An ephemeral occupation at 1,400-1,300 BP lacked 
maize in the few associated pit features. Closely related White 
Hall/ Weaver components in the region also lack maize*®. Pee 

The sample for accelerator dating—a kernel and cupule frag- 
ment—was the only maize possibly within pit fill. Even this 
: | of A-horizon soil deve 
pit’s upper limits. All of 207 su 



























Middle Woodland types; overlying plough zone contained 127 g 


Middle Woodland and 5 Jersey Bluff sherds. The date obtained 
on the maize, 1,450 BP, is younger than expected for the Middle 
Woodland component, for which a range of 2,050-1,700 BP 
would be appropriate. The 1o error does not, however, preclude 
a Middle Woodland origin. 

Of 220 Middle Woodland pit feature samples and an equal 
number of midden samples, only 23 midden samples contained 
maize. A selective disposal pattern in which Middle Woodland 
maize was excluded from refuse pits seems improbable, as no 
other kind of carbonized material or artefact class exhibited 
such a pattern. Most plausibly, the maize in the midden was left 
by the Jersey Bluff inhabitants. 

In conclusion, the present results suggest that squash, which 
was introduced by 7,000 BP, was the first cultivated plant of 
eastern North American Indians, probably as a minor element 
in a subsistence economy in which nuts were the focus of plant 
utilization’. Cultivation of indigenous species can be traced 
back at least to 4,000 BP, since by that time a trend towards 
increasing size in Iva annua achenes had begun, reflecting a 
continuing process of the plant’s domestication*!. Major depen- 
dence on cultivated eastern North American plants and intro- 
duced cucurbits occurred by 3,000 BP in some areas*™** and at 
about 2,050 BP in west-central Illinois (coincident there with 
the appearance of Hopewellian Middle Woodland societies)?***. 
We question whether maize was part of the 2,000 BP horticul- 
tural complex, and this position is supported by the negative 

“results of accelerator dating. There is reasonably convincing 
‘evidence from pit fill contexts in Tennessee that maize had been 
introduced by 1,550 Bp'!**, and maize seems definitely to be 
-present in west-central Ilinois at 1,350 BP’. By 1,000 yr ago, 
“maize was a major crop throughout much of eastern North 
“America. 
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The view that human populations may not have arrived in the 
Western Hemisphere before about 12,000 radiocarbon yr BP? 
has been challenged by claims of much greater antiquity for a 
small number of archaeological sites and human skeleton 
samples. One such site is the Homo sapiens sapiens cairn burial 
excavated in 1971 from the Yuha desert, Imperial County, 
California®’. Radiocarbon analysis of caliche coating one of 
the bones of the skeleton yielded a radiocarbon age of 21,500 + 
1,000 yr BP*, while radiocarbon and uranium series analyses 
of caliche coating a cairn boulder yielded ages of 22,125 + 400 
and 19,000 + 3,000 yr BP, respectively". The late Pleistocene 
age assignment to the Yuha burial has been challenged by 
comparing the cultural context of the burial with other cairn 
burials in the same region“, on the basis of the site’s geomorpho- 


logical context and from radiocarbon analyses of soil caliches.”* 


In rebuttal, arguments in defence of the original age assignment 
have been presented””® as well as an amino acid racemization 
analysis on the Yuha skeleton indicating an age of 23,6002 
2,600 yr BP, The tandem accelerator mass spectrometer at 
the University of Arizona has now been used to measure the 
ratio of ““C/“C in several organic and inorganic fractions of 
post-cranial bone from the Yuha H. sapiens sapiens skeleton. 
Isotope ratios from six chemical fractions all yielded radiocar- 
bon ages for the skeleton of less than 4,000 yr BP. These results 
indicate that the Yuha skeleton is of Holocene age, in agreement 
with the cultural context of the burial, and in disagreement with 
the previously assigned Pleistocene age of 19,000-23,000 yr. 
Both sides in the Yuha controversy have recognized that 
resolution of the controversy would require radiocarbon analysis 
of the bone itself, but this was initially delayed because conven- 
tional '“C. methods would have required destruction of much 
of the skeleton®. Subsequently, the theft of the major portion ` 
of the skeleton from the Imperial Valley College Museum in 
1981}? appeared to have precluded analysis of Yuha bone 
altogether. However, afew remnants of the skeleton still existed. 
(1) Thirty-four grams of hand, foot, rib and unclassified bone 
fragments were overlooked when the major portion of the 
skeleton was stolen. These fragments remained in the pos SSSiON. 


of the Imperial Valley College Museum, El Centro, California 





(IVCM). (2) Approximately 1.3 g of bone fragments, from a ; 
sample of Yuha bone obtained in 1979, were in the possession _ 
























Table 1 Radiocarbon ages (yr BP) 


Sources of bone fragments 





Fraction HIVCM) IKUCR) Ti(USGS) 
; Total acid-insoluble organics 3,850+250 
_ Total acid-soluble organics 1,650 +4 250 2,820 + 200 
| Total bone inorganics 2,400 + 300 2,650 + 200 2,700 200 
Calcium carbonate film 2,800 + 250* 
on bone (0.3 mm thick, 2,300 + 3007 
mass 200 mg) 
Caliche fragment (1) 28,700 + 2,000 
Caliche fragment (II) 3,050 + 250 


"CO, prepared by reaction with 95% H,PQ,,. 
t CO, prepared by combustion at 2900 °C with CuO. 


of Pauline Stedt of the Department of Anthropology, University 
of California, Riverside (UCR). (3) About 5g of unclassified 
bone fragments obtained for amino acid racemization analysis'?, 
were in the possession of James L. Bischoff, United States 
Geological Survey, Menlo Park, California (USGS). Although 
there was insufficient material left for radiocarbon analysis by 
gas proportional counting, there appeared to be enough for 
direct radiocarbon analysis by tandem accelerator mass spec- 
trometry (TAMS). All of the Imperial Valley College Museum 
fragments, and 0.8 and 3.0 8, respectively, of the fragments held 
by P. Stedt and J. L. Bischoff were provided for dating at the 
TAMS facility at the University of Arizona. 

All specimens were pretreated at the University of Arizona. 
om Four types of fractions were prepared, two organic and two 
~~ inorganic. The organic fractions consisted of the acid-soluble 

and acid-insoluble fractions obtained by extracting powdered 
bone with 0.3 M HCI. All adhering caliche was removed from 
the surface before treatment with the dilute acid. One of the 
inorganic fractions was carbonate CO, obtained from the bone 
by H;PO, treatment; the other inorganic sample consisted of a 
0.3 mm thick layer of caliche which was chipped from the surface 
of the bone fragments. 

Each of the prepared chemical fractions was converted to 

CO, and then reduced to elemental carbon. The carbon samples 
from each chemical fraction were combined with iron powder 
and melted to form Fe-C beads suitable for mounting in the 
accelerator’*. Ratios of *C/13C in the targets were measured 
in a manner similar to that described previously'*. 

Table 1 gives the results of the '*C/13C ratios of the various 

inorganic and organic fractions, converted to radiocarbon ages. 

The errors quoted are standard deviations. Sample II (UCR) 

_ Was so small that a target could be made only from the total 

‘@wnorganic bone fraction. From sample III (USGS), targets were 

= made from the total inorganic bone fraction and from total 

soluble organics. The table also gives results obtained on several 
pieces of caliche curated at IVCM with the bones, 

Several comments can be made concerning the results presen- 
ted in the table. 

(1) The radiocarbon ages of the total inorganic bone fractions 
produced from each of the three samples are, within errors, 
equal. This result supports our expectation that all three samples 
are from the same skeleton. 

(2) The ages of the total acid-soluble organic fractions from 
two samples disagree by more than 2s.d. The reason for this 
disagreement is not known, but both ages are clearly Holocene. 

(3) The total acid-insoluble organic fraction is about 1,000 yr 
older than the other samples. This is consistent with measure- 
ments which we have made on 11,000 yr old mammoth bones"°, 
That is, in the case of the mammoth bones, the acid-insoluble 
_ organic fraction appears to be older by about 1,000 yr than the 

acid-soluble organic and the inorganic fractions, and is equal to 
the known radiocarbon age of the mammoth skeleton. 

(4) The age of the very thin (0.3 mm) layer of calcium carbon- 
ate removed from the bone is approximately equal to that of 
the total inorganic samples. 











(5) Finally, as the Pleistocene age previously assigned to the 


Yuha skeleton was based at least partly on radiocarbon measure- 
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tinents and it is clear that the Metatheria must have been 
diverse in both areas (physically connected in pre- 


a ments made on caliche associated with the burial, we have Europe much before their 














aarti himinin Sarath ema 


measured radiocarbon ages of several caliche samples associatec 
with the burial site. Results of these measurements range fror 
2,300 yr BP to nearly 29,000 yr BP. From this we conclude 
caliche samples found on or near the Skeleton have var 
components, and the inference of the age of the skelete 
on results obtained from associated caliche could lead to 
rect results. This observation is consistent with the conclus 
of previous workers!®, 3 Pn 
Thus, direct measurements have been made of t 
ratios in six different targets made from three differen 
fractions extracted from three sets of bone fragments 
were represented as having come from the Yuha skeleto 
of the measurements on these fractions yielded radiocarbon 
ages of the bones of less than 4,000 yr. We believe that the 
most reliable radiocarbon age measured was obtained from the 
total acid-insoluble organic fraction’, and is 3,850 + 250 yr BP. 
We thank Jay Von Werloff, Sherilee Von Werloff, Rose 
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83083674. The Accelerator Facility for Radioisotope Analysis 
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Metatherian (marsupial) and eutherian (placental) mammals — 
are end members of a complex, possibly common North — 
American’ or, less likely, a South American® stock that di- ` 
verged before the early late Cretaceous and underwent separate 
adaptive radiations establishing them as the two dominant mam 
malian groups (subclass Theria). By the later Cretaceous, mar 
supials were well situated in North America® and were also 
present in South America®. Their oldest occurrences in Anta 
tica (later Eocene’) and Australia (Oligocene?) are artefacts 
exceptionally poor fossil records of mammals on those co 





















times”) very much earlier“, 





ocene”? The Metatheria have not been identified from Asia, o 


ior until now from Africa. We now report the discovery of the 
irst fossil remains of a didelphid marsupial in Oligocene rocks 
n North Africa. 

Fossils of the first known African marsupials were found at 
ossil vertebrate quarry M’', in the upper part of the Jebel 
Jatrani Formation’, Fayum Depression of Egypt (Fig. 1). 
[hese are principally alluvial rocks deposited on a broad coastal 
slain'?"* that formed part of the southern margin of the Tethys 
šea in Oligocene times (dated at about 32 Myr BP, T.M.B., 
E.L.S., J. G. Fleagle and J. D. Obradovich, unpublished data). 
Fossil crocodiles, turtles, rodents, browsing artiodactyls, hyra- 
coids and quadrupedal arboreal higher primates were found 
associated with the marsupial remains. The Oligocene palacoen- 
vironment of the Fayum area was wet-tropical to subtropical 
and was characterized by seasonal rainfall that supported a 
diverse. flora’*. 

Marsupial remains from Egypt consist of three lower jaw 
fragments: (1).a right mandible, Cairo Geological Museum 
(CGM) 40236 (Fig. 2), with the canine and first premolar roots, 
alveoli of the fourth molar, and crowns of the second premolar 
to the third molar; (2) a left mandible, CGM 40237, with molars 
2 and 3 and part of molar 4; and (3) a left mandible, Duke 
Primate Center (DPC) 3120, with alveoli for molars 3 and 4 
and a medially inflected angular process. In CGM 40236, the 
roots. for the canine and first premolar are followed by two 
simple premolariform teeth and three fully molariform teeth. 
These are succeeded posteriorly by two alveoli for an eighth 
tooth. Those alveoli show that the eighth and last tooth was 
slightly larger than the seventh and almost certainly molariform. 
‘In the mandibular fragment CGM 40237, the last three molars 
are preserved; the anterior two of these are identical to the 
second and third molars in CGM 40236 and the last (most 
posterior) molar is slightly larger than any of the other molars 
and is also fully molariform. The tooth placements and mor- 
phologies in CGM 40237 show that the last tooth in that jaw 
is homologous with the last tooth (that preserved only by alveoli) 
in CGM 40236. Therefore, the animal whose mandibular denti- 
tion is represented by CGM 40236 and 40237 possessed a 
canine, three simple premolariform teeth, and four fully 
molariform teeth in the lower jaw (the most complete specimen, 
CGM 40236, is broken anterior to the canine root and the 
number of the incisors cannot be determined). DPC 3120 is a 
toothless left mandibular fragment with alveoli for the last two 

- teeth and preserving part of a medially inflected angular process. 
“This specimen was found at the same locality as CGM 40236 
and 40237, it is identical in size and of comparable morphology 
with those specimens, and the size and spacing of alveoli in DPC 
3120 indicate that the alveoli housed teeth of approximately 
-the same relative sizes as the third and fourth molars in CGM 
40237. i 
Lower jaws having three premolars and four molars in con- 
<: junction with a medially inflected angular process are a hallmark 
of generalized marsupials'* and are unknown in all eutherian 
> mammals. Moreover, the relatively unspecialized tribosphenic 
_ lower molars with large trigonids and small talonids are identical 
-to the general morphology of lower molars in members of the 
_ most generalized marsupial family, the Didelphidae, and clearly 
indicate placement of the Fayum marsupial in that family. Within 
the Didelphidae, the dental and mandibular morphologies of 
the three Egyptian specimens cannot be distinguished from those 
ol he European genus Peratherium in the combination of: (1) 
the medially inflected angular process of the mandible'®'’; (2) 
~ the posterior increase in molar length’®; (3) the posteriorly 
projecting molar hypoconulids, situated close to molar 
entoconids!’; and (4) presence of a protoconid rising above the 
-level of the metaconid’’. 
Inthe Old World, Tertiary didelphid marsupials otherwise 
occur only in Europe, where their temporal range is early 
Eocene”?! to. middle. Miocene’®. The ranges of French Per- 




























erium cuvieri and Peratherium elegans, most like the Egyptian 
rm, are late Eocene and early Oligocene, respectively’®. Close 
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Fig. 1 Map of north-east Africa showing Fayum Depression 

(triangle), and Eocene (dotted line) and Oligocene (dashed line) 
marine strand lines. 


similarity in form to these two European species indicates that — i 


entry of marsupials into Africa was. ultimately from Europe 
probably no later than the early Oligocene and not much earlier 
than the late Eocene. | 
Palaeogeographical constraints support scanty palaeontologi- 
cal evidence that marsupials probably did not enter Egypt until 
at least the late Eocene, when the Tethyan regression was well 
underway, and they almost certainly arrived there somewhat 
later because the earliest terrestrial rocks in Egypt are early 
Oligocene. Palaeogeographical reconstructions of the Mediter- 
ranean Middle East for the late Eocene and early Oligocene do 
not support a direct land connection of Africa with Europe at 
that time????, nor do they favour a less direct overland route 
from Europe via Asia across Paratethys and Tethys until at least 
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Fig. 2. Right mandibular fragment of marsupial from Oligocene 
rocks of Egypt; Cairo Geological Museum 40236, preserving 
second and third premolars, first to third molars, roots of canine 
and first premolar, and alveoli for fourth molar. a, Lingual; Bye 
-o occlusal; and c, labial views. gy ee 
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the middle-late Oligocene, when much of the Middle East was 
an emergent area of erosion**. A middle-late Oligocene date 
postdates the age of the Egyptian marsupials (unpublished data) 
and we therefore think it most likely that marsupials dispersed 
into Africa from Europe via the sweepstakes route (across the 
_ Tethys Sea) in the early Oligocene. 

Direct land access to north-west Africa from Egypt was not 
possible until at least middle Miocene times, though a land route 


to East Africa might have been available during the Oligocene. 


The fact that marsupials are absent in both areas***! suggests 


that they were unable to disperse there before they became. 


extinct in Africa. 
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With the increasing use of polygraphic lie detection in the 
United States and United Kingdom it has become a matter of 
urgency to assess the accuracy and reliability of the technique. 
The main purpose of the present report, therefore, is to extend 


our earlier mock theft lie detection study from the laboratory 
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rates, agree with the conclusions reached in a recent US Con- 
gress Office of Technology Assessment report” which reviewed 
the scientific validity of the polygraph. Hence, we conclude that 
the validity and reliability of polygraphic interrogation has et 
to be established. a í E 

The subjects of the present research were 50 confessed thieves 
and 50 innocents who were interro ated at a leading polygraph 
company for the same thefts. The latter were suspected 
who were su bsequently cleared a: sult of the cot 
the actual thieves, and they will be 













7 be considered to ha 
verified ‘truthful’ during the polygraph questioning. The thi 
will be considered to have been verified ‘untruthful’, 
The polygraph data of each of the 100 truthful and untruth 
ful suspects were then randomly assigned to six polyg: 
interpreters who work at the same company as that at which 
the questioning occurred, In addition, the polygraphs of 20 
unverified cases were also randomly assigned to the judges. 
These were not included in the data analysis, but merely served 
as filler or buffer cases to render the task more comparable to 
actual field conditions where it is unusual for polygraphers to- 
be faced with interpreting clear-cut confirmed theft and no-theft. 
protocols. an- 
The information from each of the 120 polygraph examinations _ 
was presented to the interpreters. They were provided with 
polygraph chart data, which include all available physiological — 
measures. The interpreters were to base their judgements on 
the protocol information dealing with the differences in physio- 
logical responses to the relevant (‘Did you steal X amount?) 











Table 1 Accuracy of polygraph judgements for six interpreters and 
the discriminant function analysis 


Valid Valid False False Overall 
positive negative positive negative accuracy 
Interpreter 
1 78 60 40 22 69 
2 64 62 38 36 63 
3 70 82 18 30 76 
4 82 66 34 18 74 
5 80 50 50 20 65 
6 82 56 44 18 69 
Average 
interpreter 76 63 37 24 69 
Discriminant ee 
function 74 72 28 26 aa i Seca at 


Results are in per cent. The positive direction denotes a judgement 
of untruthful and the negative direction of truthful. Thus, a valid positive. 
is a correctly identified theft subject. 


and control (“Have you ever stolen anything?) questions having 
to do with the suspects’ involvement (or noninvolvement) in 
the theft. a z eo fee: 
The polygraph data were then converted from analog to digita 

form. Next, using the digitized scores, a Hotelling T? test w 
used to determine whether the physiological data contain the 
necessary information to differentiate between truthful and 
untruthful responses. The results of this analysis were significant 
beyond the 0.01 level (T? = 38.98, d.f. = 10, 98), indeed indica 

ing that the data contain the necessary discriminating evidence. 
An additional analysis involving a series of 95% simultaneous = 
confidence intervals was conducted to ascertain whether any 
one particular polygraph cue contributed to this differentiation: 
The results suggested that the difference between the truthful — = 
and untruthful groups was due to the combined effect of the 
polygraph measurements. o 












to the field. Again, as in the previous study, our findings show va] 
high false-positive and false-negative rates among polygraph acy 


interpreters; These data, with their unacceptably high error _ 


















fable2 Inter-judge reliability correlation coefficients for physiological 
S chart and for chart plus interview data 


Physiological chart intercorrelations 


Interpreter 1 2 3 4 5 
2 0.44 
3 0.49 0.56 
4 0.55 0.43 0.44 
5 0.48 0.24 0.41 0.35 
6 0.44 0.28 0.37 0.46 0.47 


Chart and interview intercorrelations 


Interpreter i 2 
2 0.50 
3 0.51 0.42 


ee 


chance errors and hence probably somewhat overstate the 
accuracy with which the two groups can be differentiated, we 
note in Table 1 that all but two of the six interpreters achieved 
valid-positive rates that outperformed the discriminant function, 
but only one interpreter outperformed the statistical analysis in 
the valid-negative category. This means that the interpreters 
are more likely to label a suspect untruthful than truthful, a 
bias that is particularly evident in the false-positive results which 
show that the misclassification rate of innocents is as high as 
“50%. The false-negative and overall accuracy rates of the inter- 
preters are about comparable with the discriminant functions. 
The false-positive rates shown in Table 1, although already 
high, became even more pronounced when three of the six 
interpreters were subsequently instructed to base their decisions 
on thé physiological measurements plus interview information 
-obtained during the interrogation. The average false-positive 
- misclassification rate was then elevated from 37 to 39%, with 
one interpreter erroneously judging as many as 62% of the 
innocent suspects as guilty (these data are not shown in Table 1). 
_ Inter-judge reliability coefficients for the physiological chart 
interpretations were then computed for the six judges (see Table 
2). The average correlation was 0.43, with a range of 0.24-0.56. 
This average, when computed for the three interpreters who 
were later given access to the interview notes, improved some- 
what to an average correlation coefficient of 0.48, with a range 
of 0.42-0.51. In both instances, however, the inter-judge 
reliabilities are modest at best and suggest that each of the 
interpreters uses the physiological and interview cues somewhat 
differently from his colleagues. This is surprising since they were 
all trainees at the same polygraph company. 
To conclude, we note that professional polygraphers can 
- differentiate between truthful and untruthful protocols, but can 
do so only with a moderate degree of success, that statistical 
analyses in the form of T? and discriminant function show that 
some of the information necessary for making these discrimina- 
- tions is contained in the polygraph data but that judges do not 
“use this information optimally; and that the inter- judge 
reliabilities are low. The interpreters’ modest success in false- 
- negative and overall accuracy rates is reduced when the high 
¿© false-positive rates are taken into consideration. This, together 
-with the finding of low inter-judge agreement in the meaning 
of polygraph test cues, suggests that polygraphic lie detection 
= as currently used is flawed and might best be replaced by an 
-alternative method, perhaps the guilty knowledge test which 
~~ numerous researchers have shown to be a more valid technique 
= for uncovering deception*”. 
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Baclofen has been used as an antispastic agent for over a 
decade’, yet its mechanism of action is still not fully understood. 
While early iontophoretic studies revealed a depression of 
neuronal activity’, more recent studies have emphasized a 
presynaptic depression of transmitter release, both in the 
peripheral®® and central nervous sytem’-"‘, possibly resulting 
from a blockade of calcium channels'*. Although baclofen is 
structurally similar to the inhibitory neurotransmitter, 
y-aminobutyric acid (GABA), none of its actions seem to be 
antagonized by the GABA antagonist, bicuculline. However, 
recent experiments have indicated that baclofen binds to a class 
of bicuculline-resistant GABA receptors, termed GABA, 
receptors'®. Here, we have analysed the action of baclofen on 
the membrane potential of CA1 hippocampal pyramidal cells 
in vitro and report that it directly hyperpolarizes these cells in 


a potent, stereoselective manner which is resistant to bicuculline . (>. 
methiodide. This response is associated with a decrease ins > 


neuronal input resistance and may involve an increase in 
potassium conductance. 

Rat hippocampal slices were prepared and superfused as 
described previously’’. The normal superfusion medium con- 
sisted of (in mM): NaCl 116.4, KCI 5.4, CaCl, 2.5, M250, 1.3, 
NaHCO, 26.2, NaH,PO, 1.0, glucose 11. Either 2 M potassium 
methylsulphate (KMeSO,) or 3 M potassium chloride was used 
to fill the recording microelectrodes, which had resistances of 
60-120 MQ. The membrane potential of the pyramidal cell 
could be shifted by passing current through the recording elec- 
trode using a bridge circuit. Drugs were applied either by super- 
fusion or by iontophoresis. Iontophoretic pipettes were filled 
with either GABA (1M, pH 5; Sigma) or (+ )baclofen (25- 
100 mM, pH 3; Ciba-Giegy). 

Application of baclofen either by superfusion or by ion- 
tophoresis had a very striking, stereotyped depressant action on 
CA1 hippocampal pyramidal cells; this action was elicited by 


iontophoresing baclofen onto the soma or the apical or basal... 


+ 


dendrites, and was observed in over 80 pyramidal cells. Every, dh 
cell to which baclofen was applied, responded with a hyper-* 


polarization. In Fig. 1a, iontophoresis of GABA and baclofen 
into the pyramidal cell layer hyperpolarized the membrane 
potential and prevented the firing of a spontaneously active 
neurone. With a large iontophoretic current, the hyperpolariz- 
ation to baclofen achieved was as large as 10 mV in amplitude. 
The action of baclofen was, as previously reported’, much 
slower than the response to GABA: while GABA responses 
peaked in seconds, the baclofen responses always required tens 
of seconds to reach maximum amplitude, and to decay. The 
slow time course of action of baclofen could be due to the fact 
that, unlike GABA, it is not actively taken up’®, consequently 
it may diffuse further. Indeed, the responses to identical ion- 
tophoretic current pulses of baclofen were considerably larger 
when elicited in the dendrites compared to the responses elicited. | 
by somatic applications. This suggests that baclofen may ac 
primarily in the dendrites. 

It is possible that the baclofen hyperpolarization resulted from 
a depression of tonic release of excitatory transmitter onto CAI 
neurones (see, for example, refs 18, 19). However, tetrodotoxin 
(TTX), which blocks voltage-sensitive sodium channels, failed 
to reduce the GABA or baclofen response (Fig. 1a). The 
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Fig. 1 Baclofen directly hyperpolarizes hippocampal 
pyramidal cells. a, lontophoresis of GABA (G) or 
(+)baclofen (B) induced a hyperpolarization and pre- 
vented the spontaneous action potentials of this neurone. 
These responses persisted after the superfusion of 
0.5 uM tetrodotoxin (TTX), which began at the arrow- 
head. Constant-current hyperpolarizing pulses were 
applied throughout. GABA was iontophoresed into the 
pyramidal cell layer with a 30nA ejecting current. 
Baclofen was iontophoresed, less than 50 um away (in 
the apical dendrites), using a 60nA ejecting current. 
Drugs were iontophoresed for the periods indicated by 
the bars. Resting membrane potential, ~53 mV. b, 
Baclofen reduces the input resistance of hippocampal 
py ramidal cells. The input resistance is indicated by the 
size of the voltage deflections (top trace) produced by 
the constant-current hyperpolarizing current pulses 
(bottom trace), The membrane was also hyperpolarized 
with direct current (-DC) tocontrol for inward rectifica- 
tion. The second baclofen response was clamped 
manually by injecting current (see bottom trace). 
(+)Baclofen was iontophoresed into the pyramidal cell 
layer with a 200. nA ejecting current. Resting membrane 
potential, ~58 mV. No TTX was present in this experi- 
ment. The voltage and time calibration bars apply to a 
and b. Recording electrodes were filled with KMeSO, 
in both experiments. It should be noted that, in contrast 
to baclofen, to obtain a pure hyperpolarizing response 
to GABA, the iontophoretic electrode must be posi- 
tioned very close to the soma of the recorded cell. 


: resistance of the baclofen response to TTX was observed in 16 





cells. In addition, at a time when synaptic transmission was 
abolished by cadmium (100 uM), an antagonist of voltage- 
sensitive calcium channels, the baclofen response was unaltered 
(n =3 cells). Thus, we conclude that the hyperpolarizing action 
of baclofen resulted from a direct action on pyramidal cells. 
We next determined whether the baclofen response is associ- 
ated with a change in the neuronal input resistance by measuring 
the size of the voltage deflection elicited by constant-current 
hyperpolarizing pulses. Figures la, b and 2b show that ah 
apparent decrease in input resistance occurred during the 
baclofen response, although it was always less pronounced than 


\ the decrease seen with GABA. This change in resistance was 
Wot due to inward rectification of the membrane because hyper- 


" polarizing the membrane with steady current applied through 





the recording electrode did not change the input resistance to 
the same extent (see — DC in Fig. 1b). Furthermore, when the 
hyperpolarization was manually voltage-clamped (see second 
application in Fig. 1b), a decrease in input resistance was still 
evident. For hyperpolarizations of 5-7 mV the average decrease 
in input resistance was 15+5% (+s.d.) (n=15 cells): this 
evidence indicates that baclofen increases the ionic conductance 
of the membrane and provides additional evidence that baclofen 
acts directly on the pyramidal cell membrane. An increase in 
the neuronal input resistance would be expected if the hyper- 
polarization resulted from a depression of tonic excitatory trans- 
mitter release. 

We further investigated the response to baclofen with regard 
to previous reports of its stereoselective, bicuculline-resistant 
ction in other systems. Hyperpolarizing responses were elicited 


by superfusing the (—)isomer at concentrations as low as 


0.3 uM; the (+ )isomer, however, was much less potent. Figure 
2a shows that, at a concentration of 10 aM, the (+)isomer was 
less effective than the ( — )isomer in eliciting a hyperpolarization. 


A stereoselective action has also been observed for both the 
postsynaptic’ and presynaptic!!!” actions of baclofen. In other 
experiments we found that the baclofen response was unaffected . 
by doses of bicuculline methiodide (100 pM), which strongly 
TE aoragonieed somatic GABA responses (n = 8) (Fig. 2b). These: 
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resting level by direct current, and the applications repeated. The voltage 
calibration applies to all traces, and the time calibration in c applies: to 
also, Recording electrodes were filled with KC] in a and KMeSO, in’ b a 
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Fig. 2 Stcresselaniiity of the baclofen response and its different sensitivity . 
to bicuculline and membrane potential compared with GABA. a, Super- 
fusion of 10 pM of each of the optical isomers of baclofen reveals a marked 
difference in potency. Resting membrane potential, ~61 mV. b, Selective 
depression of the response to iontophoretically applied GABA following a 
10-min superfusion of 100 pM bicuculline methiodide (BMD (compare with 
control, CON). The GABA and baclofen iontophoresis electrodes were 
positioned less than 50 pm from each other in the pyramidal cell layer. The 
GABA was applied by turning off the retaining current and the (+}baclofen 
was ejected with a 70 nA current. Constant-current hyperpolarizing pulses 
(0.2 nA) were applied throughout. Resting membrane potential, ~-63 mV. |. 
¢, GABA and baclofen have different reversal potentials. GABA and ee 
(+)baclofen were iontophoresed into the pyramidal cell layer with 6 and ad 
90 nA, respectively, The membrane potential was hyperpolarized from its == 







2 Tetrodotoxin (0.5 pM) was present in all of these experiments. 





sharmacological results suggest that baclofen interacts with a 


ceptor on pyramidal cells that is distinct from the classical 


»icuculline-sensitive GABA receptor. 

Although it seems clear that baclofen directly hyperpolarizes 
pyramidal cells by an increase in the conductance of the mem- 
brane; the ionic mechanism underlying this response has not 
been fully elucidated. However, preliminary observations sug- 
gest that potassium ions are involved. When the recording 
electrode was filled with the potassium salt of the impermeant 
anion methylsulphate, the reversal potentials of the somatic 


GABA and baclofen hyperpolarizations were considerably — 
different (Fig. 2c). The somatic GABA response reversed at 


~69.243.4 mV(n=19), while the baclofen response had an 
extrapolated reversal potential of —85.1 + 2.6mV (n= 8). It is 
widely accepted that GABA-mediated hyperpolarizations of 
pyramidal cell soma are primarily due to an increase in chloride 
conductance?™??. When the recording electrode was filled with 
potassium chloride the reversal potential for chloride at the 
soma became markedly less negative due to leakage of chloride 
ions from the electrode—as a result, somatic GABA responses 
became strongly depolarizing. In these conditions, however, the 
baclofen responses (see Fig. 2a) remained hyperpolarizing. The 
reversal potential of the baclofen response was not significantly 
different from that of the slow after-hyperpolarization that 
follows a series of action potentials, that is, —85.3+2.7mV 
(n= 7)(see ref. 24), which is considered to be due to a calcium- 
activated potassium conductance”*”°. 

The present results demonstrate that baclofen has a potent, 
direct, stereoselective, hyperpolarizing action on CAI hip- 
pocampal pyramidal cells which is resistant to the GABA antag- 
onist bicuculline methiodide. These pharmacological properties 
are similar to those resulting from activating GABAg sites in 
other tissues®. In hippocampal pyramidal cells the baclofen 
response seems to involve an increase in conductance to 
potassium ions. 

At present, a physiological role for this baclofen response is 
unknown. However, a synaptically evoked late hyperpolarizing 
potential, which follows a fast, GABA- and chloride-mediated 
inhibitory postsynaptic potential (i.p.s.p.) in hippocampal 


~ cells2”-2, is now thought to be a bicuculline-resistant dendritic 


slow i.p.s.p.°’. This slow ip.s.p. has properties remarkably 
similar to the baclofen response described here. It has recently 
been reported that GABA can hyperpolarize Pyramidal cell 
dendrites by a chloride-independent mechanism”. We are now 
investigating the possibility that GABA, acting on GABAg 
receptors, may be the transmitter mediating the slow i.p.s.p. 

This work was supported by NIH grant NS-15764, RCDA 
MH00437 and the Klingenstein Fund. We thank Ciba-Geigy 
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__ optical isomers. N.R.N. thanks the Wellcome Trust for a travel 
- grant. 
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Natural neuronal cell death is a well-described developmental 
phenomenon common fo many nerve centres in a variety of 
animal species”. Neuronal survival has been shown to depend 
on the presence” ** and size of the available target tissue’? 
and it has been suggested that neuronal survival is dependent 
on successful competition for either a limited number of synaptic 


sites1* or a limited amount of trophic factor(s)". In the lateral: | c 


motor column of the lumbar spinal cord in the chick embryo, ~ 
the period of axon elongation and innervation of the periphery 
has been shown to precede that of natural motoneurone cell 
death'*!’, While muscle contractile activity appears to regulate 
the extent of motoneurone death’*, to date the intracellular 
molecular events that initiate and regulate the developmental 
process of natural neuronal cell death or, more importantly, 
neuronal survival are unknown. Our earlier studies suggested 
that either contact or association between spinal cord processes 
and muscle cells during neuromuscular junction formation in 
vivo leads to an increase in cyclic GMP in whole spinal cord”. 
We now show that treatment of chick embryos with the mem- 
brane-permeable cyclic GMP analogue, dibutyryl cyclic GMP 
during the period of natural motoneurone cell death prevents 
> 58% of natural motoneurone cell death in the lumbar lateral 
motor column. 

Drugs dissolved in Tyrode solution were administered to chick 
embryos (Harco reds X Partmer reds) by dropping 0.2 ml of 


solution onto the vascularized chorioallantoic membrane daily.) 


on embryonic days 5-9. Embryos were killed on day 10, staged” 
and weighed. The lumbar spinal cord was dissected, fixed in 
Carnoy’s solution and stained en bloc with thionin”’. The tissue 
was embedded in paraffin, serially sectioned at 8 pm (6-day) or 
10 pm (10-day), and for every 10th section all large, dark- 
staining cells of the lateral motor column (LMC) containing at 
least one nucleolus were counted at X400. 

development a peak of 20-—24,000 
motoneurones per LMC is observed on embryonic day 6 (refs 
3, 18, 22 and our unpublished data). This number declines 


22,838+731 (mean+s.e., n=6) motoneurones per LMC on 
day 6. The number of cells declined by 34% to 15,018 +537 
(n'=12) on day 10. Daily injections of 0.91 mg of dibutyryl 
cyclic GMP per embryo from embryonic days 5 to 9 resulted. 
in the survival of 19,540+516 (mean+s.c., 
motoneurones per LMC on day 10, a loss of only 14% (Fig. 1). 

The correcting of cell. counts would normally not be necessary 
with the protocol used here because the section thickness is four 
to five times larger than the entire nucleolar diameter”. 
However, because treatment with dibutyryl cyclic GMP sig- 
nificantly alters the percentage of cells that contain two nucleoli 
(see below), the effect of correcting the raw cell counts was 
determined. Separate correction factors for cells having one or 
two nucleoli were calculated from measurements of the mean _ 
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Fig. 1 Cross-sections of spinal 
cords at the same segmental level 
from a 10-day control embryo (a, 
X42), enlargement of control LMC 
(b, X130), dibytyry! cyclic GMP- 
treated embryo (c, x42), and 
enlargement of dibutyryl cyclic GMP 
LMC (d, x130). 


nucleolar diameter and the mean centre-to-centre inter- 
nucleolar distance for both control and treated cells??:24. No 
Significant difference between control and treated cells was 
observed for either parameter, The separate correction factors 
were applied to the percentage of cells in the population having 
one or two nucleoli, respectively. Corrected total LMC cells on 
days 6 and 10 were, respectively, 17,517 and 11,415, in close 
agreement with the corrected values reported by Hamburger’, 
The corrected cell count for dibutyryl cyclic GMP-treated 
embryos was 15,251. These values represent a loss of 35% and 
13% for control and treated embryos, respectively, which are 
not significantly different from the percentage loss values calcu- 


lated from the raw data. Application of the correction factors 
id not alter the statistical significance of the difference between 











controls and treated animals (P< 0.001). The percentage of 
natural motoneurone death prevented by dibutyryl cyclic GMP 
treatment was increased to 63%, which is within our observed 
counting error. 

Equimolar injections of 8-bromo-cyclic GMP over the same 
time period were equally effective and resulted in 18,892 +802 
(uncorrected) surviving motoneurones per LMC. The specificity 
of the response to dibutyryl cyclic GMP was assessed by injecting 
equimolar amounts of sodium butyrate, guanosine, guanosine 
5’-monophosphate and dibutyryl cyclic AMP over the same 
period and performing cell counts as before on day 10. The 
total uncorrected number of surviving cells counted for each of 
the above groups was in the range of the 10-day controls, being, 
respectively, 16,51641,048, 16,053+ 1,043, 15,631+1,042 
and 14,663 + 696. The distribution of surviving neurones along 


- the LMC appeared unaltered by dibutyryl cyclic GMP treatment 


compared with controls (Fig. 2). Body weight also was not 
significantly altered by treatment, being 2.414 + 0.107 g (mean + 
s.€., 2=5) in controls and 2.578 +0.077 g (n =8) in treated 
embryos (P>0.1). Pittman and Oppenheim!®2? have also 
observed an increase in motoneurone survival, but as a con- 
sequence of neuromuscular blockade. The effect of dibutyryl 
cyclic GMP on motility was therefore determined after the 
method of Pittman and Oppenheim!®. Although this strain of 
chick embryos appears more motile than White Leghorns, no 





significant difference in mean motility was observed (27.0+ 1.7 
(n= 14) and 25.44 1.5 (n = 9) movements per min for control 
and treated embryos, respectively; P> 0.5). 

These data demonstrate that >58% of natural motoneurone 
cell death in the LMC of the chick spinal cord can be prevented — 
by exposure of the embryo to dibutyryl cyclic GMP. In many: 
other systems exogenous addition of this compound stimulates _ 
cellular processes known to be dependent on increased cellular a 
concentrations of cyclic GMP*>. The specificity of the response 
was supported by the failure of- other structurally related com- 
pounds to elicit a response. Specifically, the ineffectiveness of 
dibutyryl cyclic AMP in this System was consistent with previous _ 
findings’? that no Significant change in neuronal cyclic AMP 
levels was detectable over the period when cyclic GMP was 
observed to increase in spinal cord neurones. These findings 
collectively support the hypothesis that in normal conditions 
increased cellular cyclic GMP levels, either singly or in concert 
with other cellular functions, subserve motoneurone survival. 

Close examination of the enlarged micrographs of the LMCs 
(Fig. 1b, d) of control and treated embryos shows a greater 
number of treated cells containing two nucleoli. Analysis of the 
sections of both LMCs of control and treated embryos yielded 
values (uncorrected) for the percentage of motoneurones con- | 
taining two or more nucleoli of 28.6+ 1.1% (n=5, mean+s.e.) 
and 36.7+1.8% (n=7), respectively (P<0.005). These are 
minimum estimates, as some cells with two nucleoli would - 
appear to have only one nucleolus if their nucleoli were split 
by sectioning. The application of correction factors to these data 
would only increase the difference between them as the factors 
would be proportional to the percentage of cells with two 
nucleoli. Since the confidence levels of this difference would 
also increase, we did not attempt to estimate the appropriate 
correction factors. 

Nucleoli are sites of synthesis and processing of ribosomal _ 
RNA and are normally present in cells with high rates of protein 
synthesis*®. Interestingly, x 
concluded from their ultrastructural studies that ribosomal disas- -_ 


sembly and arrested protein synthesis are common features of 
natural motoneurone death. Thus, the dibutyryl cyclic GMP 


Chu-Wang and Oppenheim?’ have - i 
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‘treatment which provides for motoneurone survivial also seems. 


to increase the number of nucleoli which, if functional, would 
result in increased RNA and protein synthesis. We are not aware 
of any other reports linking cyclic GMP and increased RNA 
and subsequent protein synthesis in a causal relationship in 
' post-mitotic cells. 

__ "These data and those previously reported’? suggest the follow- 
-ing extension of the model for peripheral target regulation of 
motoneurone death. Muscle target tissue produces glycoprotein 
factor(s)?” that may or may not be secreted in vivo’’. Association 
of these factors with extending axon growth cones would, either 
directly or indirectly via axoplasmic transport, result in an 
increase in cyclic GMP levels in the neurone soma. In the 
experiments described here, the presence of dibutyryl cyclic 
GMP circumvents the requirement for the muscle factor(s). 
Ultimately, either sustained or new protein synthesis would 
-provide for motoneurone survival. It may therefore be more 
appropriate to. consider motoneurone death as inevitable in the 
_. absence of appropriately timed intracellular maintenance signals 
-that are required for survival and are only provided by the 
availability of appropriate target factors. 
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The bithorax complex (BX-C) of Drosophila is a series of 
adjacent genes which control the development of most of the 
thoracic and abdominal segments™”. Each of these genes is 
normally active only in particular sets of segments. Moreover, 
they are ordered along the chromosome in almost exactly the 
same sequence as that of the segments in which they act. This 
remarkable correspondence has led to the suggestion'"**"”’ that 
the progressive unfurling of BX-C activity along the body axis 
is dictated in part by its genetic organization, and hence, that 
it may depend on the structural integrity of the entire complex. 
This suggestion is supported by several cases of ‘polar’ com- 
plementation behaviour observed between mutations in separ- 
able genes of the complex’ *. Here I show that it is possible to 
split the complex into two pieces without affecting the develop- 
ment of the larva or adult. This result establishes that the 


complex is composed of at least two autonomous domains... į 
Surprisingly, these domains do not control the development of 7 


separate sets of segments. Rather, their realms of action appear 
to intersect at the anteroposterior compartment boundary 
located in the middle of the first abdominal segment. This result 
extends previous findings” ™ that anteroposterior compartment 
boundaries within segments may demarcate the limits of BX-C 
gene function. Indeed, the phenotypes of larvae carrying only 
the proximal or distal domain suggest that the BX-C genes act 
not on segments as wholes, but on segmental units bounded by 
the anteroposterior compartment boundaries subdividing each 
segment. 

Three chromosomal rearrangements (7T(2;3)P10, Tp(3;3)- 
bxd'©° and Tp(3;3)sbd'**; refs 4, 12, 13) have been used 
to generate a fertile stock of homozygous flies in which the 
BX-C complex is split into a centromere-proximal fragment 
translocated to the left arm of the second chromosome and a 
centromere-distal fragment which remains at its normal location 
(see Fig. 1). I am unable to distinguish larvae and adults of this 
stock from larvae and adults of wild-type stocks by any consistent 
morphological criterion. Thus, splitting the BX-C as describec 





in Fig. 1 does not appear to alter the development of the larvae 


or adult, and hence, does not appear to alter significantly the 
wild-type function of the complex. 

The finding that the BX-C can be split into proximal and 
distal fragments which together dictate normal segmental 
development indicates that the complex is composed of at least 
two functionally autonomous domains. To explore the indepen- 
dent roles of these domains, I have examined the segmental 
phenotypes of first instar larvae which carry only one or the 
other domain. 

The results shown in Figs 2 and 3 extend previous descrip- 
tions* of the larval phenotypes and together with studies of 
similar mutant genotypes in the adult? allow the fol- 
lowing general descriptions of animals carrying only the 
proximal or distal BX-C domain. The phenotypes of these . 
animals are best described if we consider the body to be com- ~ 
posed not of a sequence of integral thoracic and abdominal 
segments (for example, ... T2, T3, Al, A2, .. .) but rather as 
a sequence of segmental units each composed of the posterior 
half of one segment and the anterior half of the next segment 
(for example, . .. Tip+T2a, T2p+T3a, T3p+ Ala, Alp+ A2a, 
_..) as illustrated in Fig. 4. Animals which carry only the 
proximal BX-C domain (for example, DpP10; DfP9 larvae, Fig. 
2, refs 4, 5) appear wild type anterior to the middle of the first 






| abdominal segment; however, posteriorly, they reiterate the 
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Fig. 1 Construction of the split bithorax complex, The genetic map of the centromere a | es 
wild-type BX-C*°-*S is shown at the top of the figure and the chromosomal as 
rearrangements used*°""*-9 are illustrated below (BX-C material is represen- 
ted as a thick bar, neighbouring third chromosomal material as thinner bars; 
second chromoso jaterial as a wavy line, distant third chromosomal 
material as a straight line; deleted regions are shown as white boxes). Three 
chromosomal re gements have been used to generate the split complex. 
The first, DpP1 in 


TO, is an insertional translocation of a centromere-proximal 
fragment of the complex to chromosome 2. This fragment carries wild-type any. . 4100 
alleles of the abx, bx, Ubx, bxd and pbx genes and probably a defective | 
portion of the iab-2 gene. The second, Dfbxd'™, is a deletion of acentromere- DIPO 
proximal fragment which removes the abx, bx and Ubx genes and part of E 
the bxd gene. The remaining distal fragment therefore carries part of the  OPsbdios: | acs 
bxd gene, the pbx gene, and all of the iab genes; however, neither the bxd | Neo 
gene nor the pbx gene appear to be functional. Animals homozygous for pee 

both the proximal DpP10 fragment and the distal fragment not deleted by > ee i 
Dfbxd' normally die just before or soon after hatching as first instar larvae mee 3 me 
because they lack a small region of chromosome 3 which is deleted by pret’ BRST, ~ pasba tes 
Dfbxd' but not carried by DpP10. The third chromosomal rearrangement, | OBES 
Dpsbd’™, carries a portion of chromosome 3 including this small region to a more distal site on the same chromosome arm. Dpsbd'™* carries 
no BX-C material; hence DpP10; Dfbxd'™ animals carrying at least one copy of Dpsbd!®* should survive and be. phenotypically wild type 
unless the split in the BX-C causes a mutant phenotype. The chromosomal constitution of flies homozygous for the split complex is shown pe 
at the bottom. A fourth aberration, DfP9, which deletes the entire BX-C is also shown. — 






abx bx Ubx bxd pbx iab-2 iab-3. | iab 
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T3p+ Ala segmental pattern. Conversely, animals which carry 0, 1, 2,... 8) which specify segmental state in a successive and 
only the distal BX-C domain (for example, Dfbxd'®° larvae, cumulative fashion. None of the genes is posited to be active in. 
Figs 2, 3 and refs 4, 5; Ubx/ + adults carrying Ubx/Ubx clones, T2 or more anterior segments. Beginning in T3, gene 0 is active, 
, fefs 1,2, 8-11) approximate the wild-type pattern posterior to in Al, genes O and 1 are active, in A2, genes 0, 1 and 2 
¿z the middle of the first abdominal segment, but anteriorly, the are active, and so forth until A8 in which all the genes are 
~~~ T2p+T3a and T3p+ Ala units develop as Tlp+T2a units. active. For the sake of argument, assume that the proximal 
To understand these seemingly complex phenotypes it may BX-C domain defined in Fig. 1 encodes genes 0 (=Ubx) 

be helpful to consider a simplified version of Lewis’s model of and I (=bxd), and that the distal domain encodes genes 2-8. 

the BX-C*"!>!. The gist of this model is that the complex is (=iaþ-2-iab-8)*5, As shown in Fig. 4, the model predicts that 
composed of a series of genes (arbitrarily numbered larvae carrying only the proximal domain would appear wild 





Fig. 2 Semi-schematic drawings of 
the lateral aspects of first instar lar- 
vae homozygous for the split BX-C 
(DpP10, Dfbxd'), the proximal 
fragment (DpP10; DfP9), the distal 
fragment (Dfbxd'"°), or a deletion 
of the entire complex (DfP9) (see 
Fig. 1 for descriptions of genotypes; 
DpP10; Dfbxd' and Dfbxd'™ lar- 
vae also carry Dpsbd'®*). Arrow- 
heads mark the approximate anterior 
margins of the thoracic (T1, T2, T3) 
and first three abdominal (A1, A2, 
A3) segments. Ventral and dorsal 
hairs are shown as dots of varying 
size according to their thickness and 
length (ventral side left). Partial and EE 
complete Keilin’s organs (mono- — ; | 
and dorsal (3) and ventral (v) pio CMM OS C oS: 
and dorsal (d) and ventral (v) pits ! : < = ' ee 
are illustrated as indicated in A1. DpP 10: Dfbxd100 DpP 10: DIPS Dfbxd100 DPQ o 
DpP10; Dfbxd'™ larvae appear eee 
indistinguishable from wild-type larvae. Note: (1) that each of the segments bears a unique pattern of ventral arid dorsal hairs {though because 








the posterior portions of the three thoracic segments are bald, they cannot be readily distinguished from each other); (2) that Keilin’s org 
and dorsal (d) and ventral (v) pits are formed exclusively in the thoracic segments; (3) that a row of thick dorsal hairs (dh) is formed n 
the posterior margin of each abdominal segment; and (4) that there is a discontinuity (arrow) in the hair patterns of A2 and A3 near the == 
dorso-ventral midline. DpP10; DfP9 larvae appear wild type anterior to the middle of A1. However, a partial Keilin’s organ consisting ofa 
mono-hair is sometimes present (45%) in the middle of the segment (in rare cases (<1%) a di-hair is formed), and the posterior row of thick 
dorsal hairs is absent. Hence, the posterior half of Al appears to develop like the posterior half of a thoracic segment (probably T3). The 
next several segments (A2~A7) appear identical to Al (that is, they appear as A1l-anterior:T3-posterior), Dfbxd’ larvae appears wild type 
anterior to T3. However, (1) T3 appears like T2; (2) the anterior half of Al appears like that of T2; (3) the posterior half of Al appears ` 
wild type; and (4) the next several abdominal segments approximate the wild-type pattern. Note that do y 
in Al and a partial Keilin’s organ consisting of a di-hair is generally formed in the middle of the segment (95 oa: 
third hair is also present). Note also that the next several abdominal segments (A2-A7) are not phenotypically wild type, though they 
approximate the wild-type pattern. In particular, they tend to display abbreviated patterns of ventral hairs su 

of more anterior abdominal segments (see Fig. 3); in addition, they each generally bear a Sensory or 
dorso-ventral midline and a second senory organ (not shown) resembling the dorsal pit near the dorsal midline. 
anterior to T3; however T3 and the first several abdominal segr | 
descriptions**, of the phenotypes of larvae of similar genotype, and are documented more fully elsewhere!>!& 
microscopic inspection by dechorionating and peeling from the vitelline membrane (when necessary), fixing in 1 
30 min)**, rinsing in lactic acid, and mounting in a 1:1 mixture of Hoyer’s mountant*® and lactic acid. 
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Fig. 3 Photomicrographs of the ventral hair patterns in DpP10; 
Dfbxd'™ (a) and Dfbxd'® (b) larvae (dark field optics, negative 
image). Arrowheads mark from top to bottom the approximate 
anterior margins of T3, Al, A2 and A3. Note that T3 and Al of 
the Dfbxd'™ larva display a pattern of fine hairs characteristic of 


T2, and hence are not apparent in the photograph. Note also that 


the hair patterns of A2 and A3 appear abbreviated in Dfbxd‘”° 
larvae relative to those of DpP10; Dfbxd'” larvae (which are 
indistinguishable from wild type). This difference can be seen most 
clearly by comparing the number of ventral hairs in the anterior- 
‘most rows of each segment (for example, A2 and A3 carry respec- 
tively 1244 and 21+3 hairs in Dfbxd*®° larvae and 21 +2 and 
24+3 hairs in DpP10; Dfbxd'®° larvae; n= 10). Magnification 
x 200. 


Big. 4 Conventional and ‘out of register’ 
-models of the BX-C. Upper panel (conven- 
tional model): this model is a simplified version 
of Lewis’s model (see refs 4,5, 15, 16) and is 
illustrated by a set of four matrices in which 
the anterior (A; unshaded) and posterior (P; 
shaded) compartments of each segment are 
rows and the Ubx, bxd, iab-2, and iab-3 genes 
are columns. Each matrix shows the expected 
pattern of active (@) and inactive (©) genes in 
animals of the genotype indicated at the bot- 
tom. According to this model, the level of 
development of each segment is specified by 
the particular combination of active and inac- 
tive BX-C genes. As shown in the DpP10; 
Dfbxd'©° matrix (equivalent to wild type), all 
of the genes are normally inactive in the 
mesothorax, but are turned on one by one in 
each succeeding segment according to their 
proximodistal order along the chromosome. In 
the remaining three genotypes, some or all of 
the genes are deleted; hence the ‘code’ of active 
genes is altered in some of the segments. In 
most cases, the predicted segmental phenotypes 
(shown to the right of each matrix) are simply 





the expected outcome of expressing the correct ~ ALS 
(or sense”) code for one segment in another 0000 


segment. However, in two cases (A2 and A3 
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type in all segments anterior to A2; however, posteriorly, they 
would reiterate the Al pattern. Conversely, it predicts that 
animals carrying only the distal domain would approximate the 
wild-type pattern in segments posterior to Al, but anteriorly, 
T3 and Al would develop as T2. Comparing these simple. 
predictions with the actual phenotypes described in Figs 2 and ^ 
3 and refs 1,2,4,5,8-11,14-16 (summarized above), it 
becomes apparent that they are out of register with the actual 
results by half a segment. As illustrated in Fig 4, this discrepancy 
can be resolved if one merely shifts the stipulated realms of 
action of the BX-C genes anteriorly by half a segment. This 
resolution suggests that the BX-C genes may normally act on 
segmental units extending from the middle of one segment to 
the middle of the next. ' 

If this interpretation is correct, one might ask why the boun- 
daries demarcating the realms of action of the BX-C genes fall 
in the middle of the segments. One possible explanation is that 
these border lines coincide exactly with the strict lineage boun- 
daries that subdivide each segment into an anterior and posterior 
compartment?” ?>, This explanation is suggested by the 
demonstration that some BX-C mutations clearly transform one 
compartment of an adult segment without altering the remaining 
compartment”™™! and is supported by the particular kinds of 
incomplete Keilin’s organs formed in the first abdominal seg- 
ment of larvae lacking either the proximal or distal BX-C 
domain (Fig. 2; refs 4,5). 


Keilin’s organs (or tri-hairs) are normally found only in the x c 


thoracic segments, though in the absence of the entire BX-C © 
they also appear in the first eight abdominal segments which 
develop like thoracic segments. In larvae lacking the proximal 
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of Dfbxd'® animals), an abnormal (or nonsense’) code of active genes is expressed. Such nonsense codes might be expected to specify 


segments of novel or intermediate character (((A2)’, ‘(A3)"). Lower panel 


(‘out of register’ model): this model is identical to the conventional 


model above except that the realms of action of the BX-C genes are segmental units which are out of register by a compartment from the 


segments themselves. For example, the code 
segmental unit (for example, Alp+ A2a or 


OOOO is normally active in the segmental unit T3p+ Ala; 
A2p+ A3a) these units will be transformed into the T3p+ Ala unit (as in DpP10; DfP9 larvae). 


if this code is expressed in a different 


As in the upper panel, the segmental phenotypes which are predicted by this model are shown to the right of each matrix. Note that they are 


© dn good agreement with the larval phenotypes described in Figs 2 
> equivalent mutations or chromosomal rearrangements 75111419, 


and 3, and elsewhere**!®, and with the adult phenotypes caused by 
Because the posterior compartments of the thoracic segments appear 


-- jndistinguishable from each other in wild-type larvae, their segmental status cannot be readily assessed without recourse to studies of the 





-- adult compartments. Fortunately, 
— genes” |’, (2) the byd geneh?S+4 


the adult phenotypes of mutations or chromosomal aberrations which inactivate (1) the Ubx and bxd 
_and (3) the iab-2 and iab-3 genes'* have been studied, and in most cases, the segmental transformations 


->o observed in the posterior compartments of the thorax and abdomen are in close accord with the transformations predicted by the model. Two 


o exceptions: should be noted. First, bxd flies 
` compartments in place of the first 


© mutations do not appear to affect the posterior wing compartment even though they ! | 
to posterior first leg”'°. Further study of these exceptional cases will be necessary to assess the validity of the ‘out of register’ model. 


abdominal segment'?"'* (though possibly in place of onl 


often form legs and occasionally wing-like halters composed of both anterior and posterior 


; the anterior compartment’ '*). Second, Ubx 
transform the posterior compartment of the second leg _ 
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= domain, the anterior half of the first abdominal segment 
develops like the anterior mesothorax and incomplete Keilin’s 
organs composed of di-hairs are generally found in the middle 
of the segment. Conversely, in larvae lacking the distal domain, 
the posterior half of this segment develops like the posterior 
„metathorax and mono-hairs.are sometimes found in the middle 
i eciprocal nature of these phenotypes 

’s organs which form in the first 
BX-C" larvae may be mosaic structures 
which are generally formed by cells in 
i¢ segment, and a third which is sometimes 
formed by cells in the posterior half. 

In his comparative studies of the morphologies of Dipteran 
larvae****, Keilin established that the ‘bouquet’ of hairs con- 
Stituting the ‘organes sensories vestigiaux des pattes’ are posi- 
tioned exactly at the attachment sites of the imaginal leg disks 
in each thoracic segment, and are contiguous with the disk stalk. 
Indeed, for this and related reasons, he proposed that they are 
evolutionary vestiges of the larval legs generally absent in the 
Diptera. Because (1) the imaginal leg disks are subdivided into 
anterior and posterior compartments*°?! , and (2) this compart- 
mental segregation probably extends down the stalk of the disk 
and subdivides the adjacent larval epidermis into anterior and 
posterior compartments’, it is possible that the Keilin’s organ 
straddles the compartment boundary. Hence, two of its three 
hairs may generally derive from cells in the anterior compart- 
4, ment (as in the first abdominal segment of larvae lacking the 
yf “proximal BX-C domain) whereas the third hair may sometimes 

_ derive from cells in the posterior compartment (as in the first 
abdominal segment of larvae lacking the distal BX-C domain). 
Thus, the realms of action of the BK-C genes in the proximal 
and distal domains may intersect precisely at the antero- 
posterior compartment boundary of the first abdominal seg- 
ment, extending previous findings” '! that the realms of action 
of at least some BX-C genes are demarcated not by segment 
boundaries, but rather by anteroposterior compartment boun- 
daries within segments. 
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We describe here a novel type of immunostimulating complex, 
called ‘iscom’, in which virus membrane proteins are presented 
in a multimeric form'~*. The matrix of the iscom is the glycoside 
Quil A (Spikoside; Iscotec AB), extracted from the bark of 
Quillaja saponaria Molina’, which forms micelles at the critical 
micellar concentration of 0.03%. In micelle form, Quil A prob- 
ably has regions accessible for hydrophobic interaction with the 
membrane proteins so that it can form complexes with them. 
iscoms have been prepared with membrane proteins of para- 
influenza-3 (PI-3), measles and rabies viruses, and their. 
immunizing potency tested in animals. In these experiments, 
iscoms prove to be at least 10 times more potent than micelles — 


formed by aggregation of the membrane proteins alone’. Iscoms 


of PI-3 and measles viruses also stimulate the formation of 
antibody to the fusion (F) protein, which is considered to be 
poorly immunogenic", No side effects of iscoms or of protein 

micelles have been observed. 3 

Initially, parainfluenza-3 (PI-3) virus was chosen since we had 
previously used its envelope glycoproteins in experiments with: 
a micelle vaccine*"*. The glycoproteins were prepared by cen- 
trifugation of the solubilized virus layered on a sucrose gradient 
containing 0.2% Quil A. The details of this procedure are given 
in Fig. 1. The protein micelles were prepared by sucrose gradient” 
centrifugation as described previously”. 

An iscom is characterized by its sedimentation coefficient; 
protein profile on SDS-polyacrylamide gel electrophoresis 
(SDS-PAGE) and by electron microscopy. In a 10-40% sucrose 
gradient, the sedimentation coefficient was calculated to be 19S 
for iscoms’* and 30S for the protein micelles, as described 
elsewhere*'*. The protein pattern of the iscom is similar to that. 
of the protein micelle in SDS-PAGE”. In this gel two protein 
bands were seen: the larger one was a protein of molecular 
weight (MW) 73,000 (73K) and was identified as the haemag- 
glutinin-neuraminidase (HN) protein. The smaller one was a> 
protein with a MW of 51K and is probably the fusion (F) 
proteint >t, ee ES 

The two types of complexes—the iscom and the micelle 
showed different morphology. The iscoms are particle: 
mean diameter of 35 nm. Each particle has a loose, translu 
cage-like structure with ring-like subunits about 12nm 













Table 1 The immunopotentiating effect of Quil A added with iscoms 


Protein (ug) Quil A (ug) added and HI-titre* 
0 


per dose 1 io. 
0.5 6.8+0.6 6.9+0.5 7320.70 8s 
1 7,140.4 7.30.0 8.1408 206s 
5 8.1+0.4 8.3+0.0 9.140.4 5 


Five mice per group were vaccinated subcutaneously with three diffe 
ent doses of iscoms prepared with parainfluenza-3 virus envelope pro- 
teins twice three weeks apart. The antibody response was measured by 
the HI titres*. oe 

-* Reciprocal of twofold serum dilution in 2 log. 












> Fig. 1 Electron micrographs of iscoms containing the membrane 
glycoproteins of parainfluenza-3 (PI-3) virus. PI-3 virus, strain 
: U23B (ref. 26), was purified by sucrose gradient centrifugation as 
“described before’? and was solubilized with 2% Triton X-100 
together with “H-labelled virus’? (10° c.p.m.) in 0.05 M Tris buffer 
and 0.1 M NaCl (TN). Two hundred pg of solubilized virus in 
100 pl TN was applied onto a layer of 200 pl 8% sucrose in TN 
and 1% Triton X-100 which was layered over a 5 ml sucrose 
“gradient in TN ranging from 10 to 40% and containing 0.2% Quil 
A. The centrifugation was performed in a SW50 rotor at 150,000g 
for 4h at 20°C. Fractions of 250 ul were collected and measured 
for radioactivity. The radioactive peak fractions were pooled and 
dialysed for 2 days at 4°C against 3x11 of 0.05 M ammonium 
acetate, pH 7.0. The pooled fractions were concentrated by 
lyophilization. The virus protein concentration was determined by 
the Lowry method?’, The amount of Quil A in an iscom preparation 
was measured by an electrophoresis lysis method'* to <2 pg per 
10 wg protein. X105,000; insert, x40,000. 


diameter (Fig. 1). The cage-like structure appears somewhat 
flattened as judged from tilted or shadow-cast specimens, the 
structure has some similarities to cage-like clathrins’®. It is 
interesting that the stain penetrates into the iscom as it does 
into incomplete, nucleic-acid free virus capsids of adenovirus”. 
The micelle has a characteristic hydrophobic dense core with 
protruding hydrophilic parts (not shown). 

How then are the iscom particles formed? Our hypothesis 
was that, at equivalence, Quil A micelles capture the monomer 
forms of the envelope proteins sedimenting from the detergent 
layer of the sucrose gradient, which then bind to the surface of 
the Quil A micelles by hydrophobic interaction. The data suggest 
that the micelle form of Quil A is necessary for the formation 
__ of iscoms. The concentration of Quil A had to be at or above 

the critical micelle concentration of 0.03%, with a protein 
concentration of 100-500 ug in the virus sample. In the 
immunization studies described below the amount of Quil A 
was estimated as 2 ug per 10 wg of protein by a lysis method 
_ described elsewhere". After re-centrifugation of iscoms in a 
-= sucrose gradient prepared in an isotonic Tris buffer at pH 7.2, 


~~ no Quil A was detected by the lysis method. Quil A labelled 
-with the galactose oxidase *H-borohydride method’? was used 


-> to determine its amount bound within the iscoms. Measuring 
i he radioactivity in iscoms purified in a sucrose gradient, the 
-C amount of Quil A was calculated to about 2 »g per 10 pg protein. 


<.. The haemagglutinin of PI-3 virus is externally exposed on 


l -> the iscom as iscoms, like micelles, agglutinated guinea pig ery- 


: i throcytes in protein concentrations 10-30 times lower than those 
_ of intact virus particles. The haemagglutination was specifically 


inhibited by rabbit antiserum to PI-3 virus glycoproteins. 

We have examined the immunological potency of iscoms in 
= vaccination experiments on BALB/c mice by comparing iscom 
~ and protein-micelle vaccines. The potency was measured by 
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Fig. 2 The antibody response of BALB/c mice to vaccination 
with PI-3 virus protein micelles or iscoms. O, 5 wg of protein 
micelles; @, 0.5 ug of protein micelles; A, 5 pg of iscoms; A, 
0.5 ug of iscoms; C, non-vaccinated mice. Symbols indicate mean 
values, dots individual sera, and vertical bars the standard devi- 
ation. Ten mice per vaccination group were kept in cages of five. 
They were vaccinated twice 2.5 weeks apart with 5 or 0.5 pg of 
PI-3 virus envelope proteins as protein micelles or iscoms. Blood 
samples were collected by bleeding the mice from the retrobulbar 
plexus. Five mice from each vaccination group were bled at the 
time. Serum was prepared and stored at —20 °C until used. The 
immune response was measured in an enzyme-linked immunoassay 
(ELISA) as before*. The specific IgG response to the virus proteins 
was quantitated as described by McLean et al.**. At the end of 
the experiment the HI titre was determined”. 


antibody titres in serum. First the adjuvant effect of free Quil 
A present in the iscom and micelle preparations was tested 
(Table 1). The results show that significant rises of haemaggluti- 
nation inhibition (HD) titres (P < 0.0025) were induced by addi- 
tion of 10 pg Quil A, which is in accord with the previous results 
of Dalsgaard (manuscript in preparation). Then the immune 
response to iscoms as well as protein micelles was tested (Fig. 
2). The results allow the following conclusions, First, measured 
by two different techniques the iscoms induced 10 times higher 
antibody response than the micelles. Iscoms with 5 pg protein 
per dose induced the production of specific IgG of up t 
500 pg ml! serum. Second, to induce an antibody response of 
similar magnitude 10 times more antigen had to be included in 
the micelles. Third, a single vaccine dose of iscoms induced 
about the same antibody response as two doses of micelles with 
the same amount of antigen per dose. 

To study whether antibody to both the glycoproteins of PI-3 
virus is induced, an immunoelectroblotting experiment was per- 
formed. Sera from mice vaccinated either with iscoms or micelles 
reacted solely with the HN and F proteins (Fig. 3), whereas 
whole killed paramyxoviruses induce antibodies to several other 
virus proteins'®'', including the HN but not the F protein. 
Iscoms were then prepared with these spike proteins of measles 
virus (H and F), another member of the Paramyxoviridae family, 
and tested for their antigenicity in laboratory rats. The rats were 
inoculated once intramuscularly with 5 pg of antigen. In th 
same experiment two other groups of rats were included whic 
were immunized with B-propiolactone (BPL)-killed measles 
virus or protein micelles both preparations containing 5 pg or 
the spike proteins per dose. The results in Fig. 4 show that the 
iscoms not only efficiently induce anti-H antibody measured 
with a HI test and virus neutralizing antibody but also antibody 
to the F protein as measured in a haemolysis inhibition (HLT) 
test, which is in contrast to killed virus and micelles (not shown). 
Since both iscoms and micelles were prepared from BPL-killed 
virus it appears that the presentation of the antigen is responsible 
































Fig. 3 Antibodies to HN and F proteins of PI-3 virus detected 
by immunoblotting in the sera from mice vaccinated with these 
proteins as iscoms or micelles. Purified PI-3 virus was submitted 
to 10% SDS-PAGE gels in SDS. The gel was transferred to 
nitrocellulose sheets by the method of Towbin et al.**, The sera 
were obtained from mice vaccinated twice 4 weeks apart with 5 ug 
PI-3 virus membrane glycoproteins prepared as iscoms (serum A) 
or as micelles (serum B). The sera were obtained 8 weeks after 
the second vaccination. The immunoblotting was performed as 
follows. The nitrocellulose sheet was preincubated in phosphate- 
buffered saline (PBS), pH 7.4, 10 ug mi~? bovine serum albumin. 
(BSA), 0.2% Triton X-100 for 16 h at room. temperature. Twenty 
ui of mouse serum was diluted with 1 ml PBS, pH.7.4 containing 
5 mg of BSA and 0.2% Triton X-100: The mixture was incubated 
on the nitrocellulose strips for 1h at room temperature with a 
rabbit anti-mouse IgG peroxidase con jugate (Dakopat, Denmark) 
diluted 1/100. The cellulose strips were washed in five changes of 
PBS, pH 7.5 and the peroxidase con jugate was localized by dipping 
the strips in the substrate 3-amino-9-ethyl cabazole (Sigman, Saint 
Louise country) dissolved in buffer PH 5.4 containing 0.01% HO. 
Lane 1, Coomassie brilliant blue stained PI-3 virus; lane 2 
developed with serum from mice immunized with micelles; lane 3 
developed with serum from mice immunized with iscoms; lane 4, 
developed with serum from non-vaccinated mice. 


for the differences in response between the different prepar- 
ations. 

Finally, a rabies iscom vaccine was tested in the NIH test for 
“potency of rabies vaccines using the third WHO reference vac- 





` cine preparation (1978) as standard, One vaceine.dose contain- 


ing 4.5 pg of rabies. virus glycoprotein corresponded with an 


antigenic value of 1.0 (ref. 20) that is, it induced the same 


protective immunity in mice as one whole dose of the reference 
vaccine, 
Why then are the iscoms more efficient than a micelle vaccine 


in evoking antibody response? As seen in Fig. 1 the morphology | 


of the iscom particle is different from that of the protein micelle 
in that in the iscom a larger part of the spikes is exposed. 


Another explanation for the efficacy of the iscoms is that Quil 


A itself exerts an adjuvant effect similar to that shown with 


_ other antigens”, However, in the iscom the amounts of Quil 
A were too low to exert an ad juvant activity like that in conven- 
tional vaccines’. It is not known whether Quil A linked to the 





djuvant activity in much lower concentrations when covalently 
*, In the iscom vaccine containing 


In conclusion, as a vaccine, the iscom has the advantage that. 
it can be standardized biochemically with respect to the antigens 10 
-and their physical form, and after administration it appears to _ creas 
_. cause no side effects. The iscom seems to be reasonably stable _ 











2 6 10 14 18 22 
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Fig. 4 Antibody response of two groups of three Wistar rats to. 

a single intramuscular vaccination with BPL-killed measles virus 
or with measles virus iscoms. Titres were measured in a virus o 
neutralization (VN) test, a HI test, and a HLI test after absorption. 
with Tween-ether treated. measles virus antigen as described by —__ 
Norrby et al.'°. The symbols indicate values of individual animals 
vaccinated with: @, BPL killed virus containing 5 pg of gly 
coprotein per dose; ©, measles virus iscoms containing Spg of 
glycoprotein per dose. Blood samples were collected by cardiac 

puncture and serum was stored at —20 °C until use. 


since in preparations purified from unbound Quil A it retained _ 
the 19S value as well as its characteristic morphology several 
months after lyophilization and reconstitution. Thus, the iscom 
might be an interesting new form of a subunit vaccine, 
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One therapeutic use for monoclonal antibody technology’ is 
the elimination of categories of unwanted cells by virtue of their 
distinct cell surface antigens. The efficiency of cell destruction 
_ by complement lysis or opsonization depends on a number of 
factors such as antibody specificity and isotype as well as certain 
properties of the target antigen”. In some instances cells can 
escape destruction by redistributing and eventually losing the 
antigen-antibody complexes from their surface**. This process, 
known as antigenic modulation, generally depends on bivalent 
antibody binding. Starting from the observation that rabbit 
antisera can be made more effective at killing tumour cells if 
they are first rendered univalent by limited proteolysis, we have 
now prepared a number of monovalent rat monoclonal anti- 
bodies to human cell-surface antigens. We find that these anti- 
bodies are no longer able to bring about modulation of their 
target antigens and have an enhanced facility for lysis with 
human complement. These special properties should greatly 
increase the therapeutic potential of monoclonal antibodies. 
We have produced a number of rat-rat hybrid myelomas 
secreting antibodies against mouse or human haematopoietic 
cell surfaces by fusing DA rat spleen cells to the Y3/Agl.2.3 rat 
< myeloma line*, All the hybrids were found to secrete both the 
-specific antibody light chain from the DA rat and the light chain 
from the Y3/Agl.2.3 myeloma. If a random association of equal 
proportions of the two light chains is assumed there will be 
three antibody species in the culture supernatants: ( 1) bivalent 
-4 active immunoglobulin with two specific DA rat light chains; 
< (2) bivalently inactive immunoglobulin with two myeloma- 
< -derived light chains; and (3) monovalent immunoglobulin with 


<> one Y3/Agl.2.3 light chain and one, DA rat light chain. In all 


eases, the Fc region remains unaffected and therefore able to 
interact with complement or other effector systems. The 
` bivalently active immunoglobulin was removed by selecting only 
-those molecules containing the LOU (x 1a) light-chain allotype 


- of the Y3/Agl.2.3 line by immunoadsorption using the mono- 


~ clonal antibody MRC OX 12 coupled to Sepharose as described 
in Fig. 1.” | | 
_.. It is difficult formally to prove the monovalency of the anti- 
>o body preparations selected in this way, partly because of con- 


~~~ tamination by a variable amount of the binary inactive material, 
<o although with appropriate anti-x 1b affinity purification this 


could be removed. We, therefore, studied a range of monoclonal 
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Fig.1 Hybrid molecules containing light chains derived both from 
DA rat spleen (« 1b allotype) and the myeloma Y3/Ag1.2.3 («la 
allotype) were separated from bivalently active molecules (see 
text) by means of the mouse monoclonal antibody MRC OX 12!” 
(a gift of Drs S. Hunt and A. Williamt), which binds preferentially 
to the xla allotype!® of the myeloma light chain. MRC OX 12 
antibody was first purified by affinity on a Sepharose column 
carrying rat immunoglobulin and then coupled to CNBr-activated 
Sepharose (Pharmacia, manufacturer's recommendations) to give 
8 mg pure antibody and 2 mg BSA per g of dry gel. This material 
bound effectively’ only xla light chain containing monoclonal 
antibodies. Culture supernatants from DA x Y3/Ag1.2.3 hybrid 
myelomas* were precipitated with 50% saturated (NH,).SO, and 


incubated with the MRC OX 12-Sepharose in double strength oY 


phosphate-buffered saline (PBS) for 3h at 4°C using ~2 mg 
protein ml~? of wet gel material. After removal of unbound 
material, the column was washed with 0.1 M acetate buffer pH 
4.0 containing 0.5M NaCl. Adsorbed antibody containing the 
monovalent mixed antibodies was eluted with 1M glycine/HCi 
pH 2.5 and neutralized with Tris base. This was precipitated with 
50% saturated (NH,),SO, and dialysed into PBS, microfuged at 
14,000 r.p.m. for 5 min, and the protein estimated by the absorb- 
ance at 280.nm. Yields were in the range 50-100 ug of protein 
per ml of packed MRC OX 12-Sepharose. BSA was added to 
0.5% and the antibodies were stored frozen at —20 °C or —70 °C. 
All antibody preparations were centrifuged for 15 min at 160,000g 
(Beckman Airfuge) before use. To monitor the affinity purification, 
monovalent and unfractionated preparations were compared for 
the proportion of antibody containing «1a or «1b light chains. All 
of the antigen-binding activity could be removed by a monoclonal 
antibody to the «1b allotype (RG-11/15.5)'? adsorbed to plastic 
microtitre trays or coupled to Sepharose (although activity could 
not be eluted). This demonstrates that the Y3/Ag1.2.3 (x 1a) light 
chain does not contribute to antigen binding. On the other hand, ap 
adsorption of YTH 12.5.22 and YTH 3.2.6 on MRC OX 12 á. 
(anti-« la, in the presence of excess DA rat (x 1b) serum to ensure — 
specificity) removed only 15-20% and 22-535% respectively of the 
antigen-binding activity in the unfractionated material, but 
removed all of the activity of the monovalent preparations. These 
observations show that the MRC OX 12 affinity column has 
enriched for those immunoglobulin molecules which each carry 
the two different light chains. Of the total immunoglobulin (as 
measured by a solid-phase assay for total light chains), ~50-70% 
of the YTH 12.5.22 and 20-40% of the YTH 3.2.6 monovalent 
preparations bound to antigen or could be adsorbed by anti-« 1b 
coated microtitre trays, implying that the remainder was inactive 
material including immunoglobulin molecules with two 
Y3/Ag1.2.3 light chains. 





antibodies against cell-surface antigens to determine whether 
our preparations had the properties predicted for monovalency,; 
that is, an increase in saturation binding with no agglutination 
or surface antigen redistribution, = | 
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Fig. 2 Monovalent YTH 12.5.22 prepared by the method of 
Fig. 1, or the whole immunoglobulin fraction from culture super- 
natant, were conjugated with FITC in 0.1 M bicarbonate buffer 
pH 9.3. The coupled material was dialysed into PBS and the molar 
FITC: protein ratio determined according to the absorbances at 
493 nm and 280 nm. These were stored at ~70°C at 1 mg mI“ in 
1% BSA and microfuged (14,000 r.p.m. per Simin) before use. 
Human mononuclear cells from defibrinated verious blood were 
incubated with the FITC-antibodies at 100 pgm in Iscoves’ 
. modification of Dulbecco's medium (IMDM) containing 0.5%... 
BSA at 37°C for 2h and then washed. Cells werd photographed 
with Kodak Tri-X on a Leitz microscope (X60 oil immersion 
objective) set up for fluorescein excitation and emission. a, YTH 
12.5.22 unfractionated immunoglobulin-FITC (molar FITC: pro- 
tein ratio 5.5). 70% of the cells were positive, with ~90% showing 
redistributed fluorescence, as shown. b, YTH 12.5.22 monovalent 
immunoglobulin-FITC (molar FITC: protein ratio 2.0). 70% of- 
the cells were positive with ~80% of these showing unpatched, 
‘ring’ fluorescence, as shown. 





centrifugation at 160,000g for 15 min.) These properties have 
been of practical value in the study of antigen expression on 
bone marrow cells with the fluorescence~activated cell sorter, 
where agglutination can be a serious problem’; the use of 
biotin-coupled monovalent YBM 34.3.6 with avidin-fluorescein 


op jsothiocyanate (FITC) has allowed fluorescence analysis at satur- 


ation on total marrow’, which had been impossible with previous 
staining procedures, 

The second antibody, YTH 89.1.8, reacts with the glyco- 
phorin-A molecule (G. Hale, personal communication), and 
can lyse human red cells with human complement. The 


monovalent preparation of this antibody is at least as effective __ 
at killing the cells with complement, and shows increased satur-. 


-ation binding and loss of (weak) agglutinating activity. 
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Fig.3 Human mononuclear cells were prepared by centrifugation <- 
on Ficoll-Hypaque, and labelled with *'Na-chromate: 10° cells” 
were incubated with 100 pl diluted antibody and 100 ul of either 
donor human serum or rabbit serum diluted 1/5 (final dilution 
1/10) in IMDM with 0.5% BSA in microtitre wells. These were 
incubated at 37°C for 1h and the cells then pelleted and the 
supernatants removed for gamma counting. % Specific "Cr release 
from lymphocytes was.calculated by the formula: | 


% Specific *'Cr release 


_ experimental release ~ spontaneous release 
~ CAMPATH 1 release ~spontaneous release 


where CAMPATH 1: is a human and rabbit comipleinentsfikiag’ 
antibody which kills all lymphocytes" and the spontaneous release - 
was from cells incubated without antibody. @, Monovalent YTH 
12.5.22 immunoglobulin plus rabbit complement; W, YTH- 
12.5.22, unfractionated immunoglobulin plus rabbit complement; 
O, monovalent YTH 12.5.22 immunoglobulin plus human comple- 
ment; CL YTH 12.5.22, unfractionated immunoglobulin plus 
human complement. | 


The other two monoclonal antibodies selected (Table 1) are 
of the rat IgG2b subclass and are directed against human T 
cells.. One of these (YTH 12.5.22) reacts with a determinant 
on the T3 molecule (unpublished data). They were chosen 
because they gave partial lysis with heterologous rabbit comple- 
ment. However, they gave only poor killing with human comple» 
ment (serum from the donor of the target cells) even though it 
has been shown that rat IgG2b antibodies are the most effective 
of the rat IgG subclasses at fixing human Clq (refs 8-9). 

Monoclonal antibodies to the T3 antigen have not been com- 
pletely effective in eliminating T cells, either by opsonization" 
or by complement lysis’! in treatment. for. graft-versus-host 
disease. Similar problems have been met in attempts to use the 
anti-CALLA monoclonal antibody (J5) to eliminate leukaemic 
cells in vitro and in vivo’*, where the antibody has been shown 
to induce patching and i capping of the antigen-antibody complex 
on the cell surface’*, By immunofluorescence, both T-cell 
specific antibodies described here, in their unfractionated forms. 
gave pronounced redistribution of their target antigens (Fig. 
2a), while the monovalent preparations gave perfect ‘ring 
fluorescence in the majority of labelled cells (Fig. 26). Further 
evidence for the monovalency of the preparations is the increase 
in maximal binding compared with the supernatant antibody. 
although neither of these antibodies shows the clear- binding 
plateau obtained with YBM 34.3.6 and YTH 89.1.8. 

_ Even if our novel preparations of monoclonal antibodies 
» monovalently, it is by no means obvious that they: should 
til pe cells with complement, given, for cae a = the 

















Monoclonal antibody Antigen Isotype 
YBM 34.3.6 Supnt* HSA of mouse IgG2c 
MONO.t BM cell 
YTH 89.1.8 Supnt Human IgG2b 
MONO. glycophorin A 
YTH 12.5.22 Supnt Humant T cells IgG2b 
MONO. 
YTH 3.2.6 Supnt Human T cells [gG2b 
MONO. 
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au “all antibody preparations were microfuged at 14,000 r.p.m. for 10 min before use, and all assays ¥ were at room ‘temperature or 37°C in medium 
containing 0.5% bovine serum albumin (BSA) and no azide. Abbreviations used: ND, not determined; HSA, heat-stable antigen; BM, bone 
marrow; RC, rabbit complement; GPC, guinea pig complement; HC, human complement; SPELBA, solid-phase enzyme-linked binding assay. 


* (NH,).SO, precipitated antibody from culture supernatants. 


- t Monovalent mixed light-chain antibody prepared on MRC OX 12-Sepharose. 
` £ Blocked by UCHT1 (anti-T3) on T cells, also binds to platelets and null cells. 
$ Monovaient YBM 34.3.6. antibody gave no agglutination of mouse red cells up to a concentration of 250 üg pmi protein whereas orginal 


unfractionated YBM 34.3.6 agglutinates at <1 pg mi’. 


ALM.” Change in Agos in B- galactosidase SPELBA’® using mouse red blood cells (RBC)||; using human RBC; using human T-cell line AK45 (a 


= gift from Dr A. Karpas, Cambridge)“. 


** Release of Cr from labelled human peripheral blood lymphocytes expressed as % of release with CAMPATH 1 ee 15) which kills all 


2 lymphocytes. 


t? Assessed using directly coupled FITC-antibody on fluorescence microscope: 


avidity of binding would be markedly reduced. However, Fig. 
3 shows that the monovalent YTH 12.5.22 is more effective at 
_ lysing human peripheral blood T cells with complement than 
-© the unfractionated immunoglobulin. (Similar results have been 
obtained with the other antibody, YTH 3.2.6, see Table 1.) 
<: With rabbit serum as the source of complement, the unfraction- 
_» ated antibody gives a plateau kill equivalent to only 34% of the 
lymphocytes, while with the monovalent fraction, this is 
improved to 60%, consistent with the proportion of T cells in 
_. the peripheral blood. (If the rabbit serum concentration is raised 
from 1/10 to 1/2, both preparations give ~70% lysis.) When 
= autologous human complement (from the donor of the cells) is 
= “used, almost no lysis is observed with the unfractionated anti- 
<body (6%). The monovalent YTH 12.5.22, however, is able to 
Kill 36% of the lymphocytes. with the human serum which, 
a although insufficient to account for all the T cells, is a significant 
improvement. It is possible that by manipulation of the comple- 
-= ment concentrations and incubation conditions this level of 
killing could be further improved. 
To exclude the possibility that the increase in complement- 
_ dependent lysis in the monovalent fractions could have been 
_ due to aggregation or some other effect of the processing, 
unfractionated material was treated in the same way with the 
_ low pH buffers and (NH,),S0, precipitation. This did not alter 
< the amount of cell lysis obtained in the presence of complement. 
It is clear that monoclonal antibodies which have been 
A enriched for mixed molecules with both specific and myeloma- 
z derived light chains have the predicted propertiesof monovalent 
antibodies in terms of their binding to cell surfaces. It is of 
particular theoretical and practical significance that this novel 
: method of preparing monovalent monoclonal antibodies leads 









-to highly enhanced cytotoxic properties. This could be explained 


by two main factors, first an increase in the amount of antibody 
- bound to the cell leading to increased Clq fixation’, and second, 
a reduction in the redistribution of antigen-antibody complexes 
on the cell. „surface, thereby . avoiding the effects of antigenic 
modulation’. | 

_ Monoclonal antibodies fixing human complement have a num- 











nate any requirement for the often toxic 
3 heterologous ‘complement. In two of the examples described 


ber of prenn Advantages f for therapy’. . For example, in vitro 





above, a new ability to lyse cells with human complement has 
been realized by the preparation of monovalent antibodies. 

The method of fractionating — mixed © immunoglobulin 
molecules has two major advantages over chemical or pro- 
teolytic techniques; first, it does not depend on the unusual 
heavy chain glycosylation required for the enzymatic. pro- 
cedure*, and second, the monovalent mixed molecules are a 
major proportion of the antibody secreted by the hybrid 
myeloma, maintaining all the advantages of monoclonal anti- 
body technology. Having demonstrated the principle of the 
method using a single anti-light-chain allotype affinity separ- 
ation, we are investigating other means. of producing similar 
mixed molecules in sufficient amounts for therapeutic applica- 
tion in vive. We will then be able to evaluate the therapeutic 
potential of monovalent monoclonal antibodies for the removal 
of unwanted cells in bone marrow grafts and for serotherapy | 
of tumour cells. sal 

We thank Geoff Hale and Mike Clark for critical discussions 
and Phyllis Osbourn for typing the manuscript. This work was 
supported by the UK Medical Research Council. 
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Transfe: ‘lymphocytes into F, hybrid rats 
differing ne products of the major histocom- 
patibilit iC) causes a graft-versus-host (GvH) 
-reaction n results from recognition of host 
allogeneic gene products by specific clones of donor T 
-cells!, When given systemically in sufficient numbers, these 


. donor T cells cause a progressive, generally fatal wasting 


. Syndrome, an early feature of which includes extensive 
splenomegaly*”. A more local, non-fatal GvH reaction, marked 
by extensive enlargement of the draining lymph nodes, ensues 
when donor T cells are administered via the footpad*’. Here, 
we demonstrate that cells derived from the enlarged draining 
lymph nodes of A/B F, animals undergoing local GvH disease 
caused by donor A T cells contain a subpopulation of host- 
derived killer T-cell precursors which can be activated to lyse 
specific blast cells, derived from mixed lymphocyte culture 
, (MLC), reactive to host MHC” alloantigens. These ‘anti- 
#\diotypic’ cytolytic T cells lyse A anti-MHC® MLC blasts, and 


T also, they lyse anti-MHC” MLC blasts from MHC different, 


third party rat strains, 

Three particularly interesting features of GvH reactions are 
(1) cells of host origin contribute predominantly to the lymphoid 
hyperplasia®; (2) normal F, hosts are far more resistant to lethal 
GvH disease than are lightly irradiated F, recipients or hosts 
selectively depleted of T cells’), and (3) F; animals that recover 
from GvH disease caused by small numbers of parental T cells 
are profoundly and specifically resistant to GvH reactions caused 
by subsequent inoculation of T cells from the same donor strain; 
they remain, nevertheless, fully vulnerable to GvH reactivity 
caused by T cells from the opposite parental strain!!!2. The 
immune response we describe here may also account for those 
phenomena. 

F, anti-parental killer cells were generated as described in 
Fig. 1, and the results of four independent experiments are 
summarized in Table 1. The first and second experiments show 
that L/DA lymph node cells, primed in vivo with parental strain 

A (RT1°) T cells, and restimulated in culture with DA anti-L 
blasts, detect idiotypic markers on the 









day Q; 


primary immunization in vivo 


A/B F] <--footpad inoculation of 
strain A Th cells 







day 10: restimulation invi 


A/B F; PLN cella N -B MLC blasts : 





day 16: CTL assays on MLC blasts A anti=-ġ 

A anti-C 

C anti-B 

C anti-A n 

B anti-A ions 
Fig. 1 Generation of F, T cells which lyse specific MLC blasts. 
F, rats were immunized in their hind footpads with 15 x 10° cells- 
of the T helper subset of parental strain thoracic duct lymphocytes. 
(TDL). This immunizing population was prepared by rosetting 
procedures’” using W3/25, a monoclonal antibody that identifies « 
the T helper subset in rats!*, Ten days later, dissociated cell sus- 
pensions were prepared from the 3-fold enlarged popliteal lymph 
nodes (2150 mg) draining the site of the inoculation, and these- 
(60 x 10°) were stimulated in bulk cultures of W3/25” parental 
TDL stimulated one or more times with host alloantigens. The 
media was supplemented (10%v:v) with supernatant from Lewis = 
rat lymph node cells stimulated with concanavalin A (5 pe mls 
510° cells mI~') for 48h. After 5-6 days the surviving F, cells 
in the bulk cultures (10-20% yield) were tested for cytolytic 
activity in 4-h assays on a panel of *'Cr-labelled MLC blasts, 


immunizing DA MLC blasts only if they have alloreactivity for 
L (RT?) MHC antigens. They lyse target MLC blasts of the 
DA anti-L (anti-RTV) combination, but not DA anti-BN (anti- 
RTI"), nor MLC blasts of the other parent strain, L anti-DA 
(anti-RTI*). They also show no lytic activity against a human 
erythroleukaemia line, K562, which is sensitive to lysis by rat 
natural killer cells. 

The second, third and fourth experiments show that F, killer 
cells specific for idiotypes on parental strain blasts of the 
immunizing MLC combination are also lytic for MLC blasts 
from a third party strain having alloreactivity for the same host 
MHC haplotype. Thus in experiment 2, L/DA killer cells re- 
stimulated with DA anti-L MLC blasts lyse these target cells, 
and WF anti-L MLC blasts as well. The reverse is shown in the 
fourth experiment: L/DA killer cells, specific for L anti-DA 


Fable 1 Specificity of lysis by T cells obtained from rats undergoing GvH reactions 





F, % Specific lysis 
recipient Cells for immunization. ‘Target MLC blasts MR/SR Effector: target ratio ae 
Expt (RTD 1° in vivo 2° in vitra Strain 7 (RTI -{epm} 40 20 10 5 eo! bas 
1 L/DA DA DA anti-L DAanti-l (a anti-l) 2,7477855, 42 45 38 36 20. 17 
(l/a) (a) (a anti-}) DAanti-BN (aanti-n) 3,370/716 Z 5 3 5 o 0 
| | LantitDA > (lanti-a)  3,225/1,020 7 6 4 0 si" <4 
K562 10,293/669 0 0 0 0 0 Q~ 
2 L/DA DA DA anti-L DA anti-L (a anti-1) 1,884/ 506 46 43 35 30 | | 
(i/a) (a) (a anti-1) DA anti-BN (a anti-n) 3,317/698 8 9 7 6 
WF anti-DA (u anti-a) 1,912/459 0 0 3 0 
WF anti-L (u anti-l) 1,939/578 24 25 30 21I 
Lanti-DA (Lanti-a) 3,496/799 5 4 5 6 Boo 
L/DA DA DA anti-L DA anti-L (a anti-1) 2,336/1,155 50 SS 42 31 SS. Rao 
(l/a) (a) (a anti-}) Aug anti-L (c anti-]) 1,782/795 40 20 11 17 l4 poo 
Auganti-DA  (canti-a) 2,237/1,178 3 10 0 3 a 
4 L/DA L L anti-DA L anti-DA (lanti-a) 1,586/455 53 47 40 38 | 
(l/a) (i) (l anti-a) WF anti-DA (u anti-a) 900/258 37 37 23 19 
WF anti-l {u anti-L) 1,006/379 -11 ~12 —9 —13 
-DA anti-L o 1,673/431 -6 -12 ~-7 -~8 


Ganti 


* A slightly modified protocol was used for thé preparation of killer cells in expt 2; see Table 2. 













“Table 2 Phenotype of L/ DA anti-DA GvH lymph node cells 
yi stimulated in culture 


| Monoclonal 


% Positive cells in FACS 

antibody Marker Total Blasts 

11.69 RTIA’ 90.97 94.2 

OX 19 Pan-T 90.40 87.97 

W3/25 T helper 22.60 24.97 

OX 8 T killer/suppressor 90.55 90.89 

. 3.13 3.0 

+ 3.02 at 


DOSSO 

The killer cell population used in this experiment is the same as that 
described in expt 2, Table 1; it was prepared with a protocol slightly 
modified from the others. Here, the L/DA popliteal lymph node (PLN) 
population was enriched for the T killer/suppressor subpopulation by 
rosette depletion’? with W3/25 and OX 12, monoclonal antibodies 
specific for the T helper subset’* and immunoglobulin bearing cells”, 
The remaining OX 8*, W3/257, OX 127 population was then co- 
cultured with irradiated (3,000R) L/DA lymph node cells, as a source 
of antigen presenting cells, and with the T helper subset (W3/25*) of 
irradiated DA anti-L. MLC blasts, as a source of antigen, in a ratio of 
-1:171 (120 10° total cells) for 5 days. 2* 10° cells were exposed to 
monoclonal phosphate-buffered saline antibodies for 60 min at 4 °C and 
washed three times in Dulbecco’s phosphate-buffered saline without 
phenol red. They were then exposed for 60 min at 4 °C to sheep F(ab’), 
anti-mouse immunoglobulin labelled with fluorescein isothiocyanate 
(FITC) (Cappel Lab), washed three more times and then fixed in 1% 
paraformaldehyde. The % is based on counts of ~20,000 cells. 

*No primary antibody with FITC-labelled anti-mouse immuno- 
globulin. 

+ No primary antibody and no secondary antibody. 


but not DA anti-L, also lyse third party WF anti-DA, but not 
WEF anti-L MLC blasts. 

Table 2 presents evidence, based on analysis of cell surface 

phenotypes, that the killer cell present in the restimulated GvH 
lymph node culture is a T cell of F, host origin. For this 
experiment, aliquots of the surviving, cultured cell population 
= shown in Table 1, expt 2, were exposed to a panel of mouse 
monoclonal antibodies: I 1.69, specific for class 1 MHC antigens 
of the Lewis rat strain (RT1A') but not DA (RTIA*); OX 19, 
a rat pan-T-cell marker‘; W3/25, the rat T helper subset 
marker'*; and OX8, the rat T killer/suppressor subset 
marker'>. The percentage of cells staining with these monoclonal 
reagents was determined from fluorescence-activated cell sorter 
(FACS) profiles of all surviving cells, as well as the subpopula- 
tion of surviving blast cells gated by forward light scatter. At 
first glance, this experiment shows that F, cells of the killer/sup- 
pressor T-cell subset comprise the majority of cells (> 90%) in 
the L/DA anti-DA GvH lymph node preparation after it was 
stimulated with irradiated DA anti-L MLC blasts in the presence 
of irradiated L/ DA antigen presenting cells. Although DA blasts 
-carrying Lewis antigens in their receptors might account for the 
binding of I 1.69, the finding that L anti-DA MLC blast targets 
are not lysed, whereas DA anti-L blasts are, makes this most 
unlikely (see Table 1, expt 2). 
- The finding that anti-idiotypic cytolytic T cells of host origin 
~> can be derived from the lymph nodes of F, animals undergoing 
sublethal GvH disease is of interest for three reasons. First, it 
seems likely that these cells reflect the existence of a cellular 
mechanism which renders normal F} animals much more resis- 
tant to lethal GvH disease than lightly irradiated animals™ "°. 

Second, these findings confirm and extend, with an in vitro 
- system, an unexpected finding obtained in previous in vivo 
= studies. We demonstrated that A/B F, rats immunized with 
small numbers of parental strain (A) T cells become profoundly 
and specifically resistant to GvH disease otherwise inducible 
with subsequent inoculations of T cells from the same donor 
strain!!~!*, This GvH resistance was shown to be mediated by 
host T cells having specificity directed towards a presumed 
- ‘specificity associated marker’ present on parental AT cells 
having alloreactivity against. host (MHC°) alloantigens'*. Sur- 
prisingly, these markers (associated with anti-MHC° alloreac- 


tivity) present on th 











population from A 
nt on T-cell subpopulations 
from other, third party, strains having alloreactivity for MHC”. 
Anti-MHC® GvH reactions, but not MHC* GvH reactivity of 

these third party T cells were suppressed in A/B hosts immun- 


donors also appeared to be prese 






ized with A (anti-b) T cells’®. Thus, the specificity of Gv 
resistance in these previous in vivo experiments parallels the- 
lytic specificity of F, T cells against a conserved anti-MHC 
idiotype seen in the present studies. 

Finally, these results raise the interesting possibility that 
idiotypic structures or specificity associated markers of anti- 
MHC receptors specific for a particular MHC gene product, for 
example, MHC”, are conserved on T cells in different strains 
and are more alike than on T cells from the same strain reactive 
to different MHC gene products. Moreover, it follows from this 
model that the cytolytic activity of F, T cells generated as 
described are apparently not restricted by MHC gene products 
as would be expected of CTL with lytic specificity for various 
(non-MHC) cell surface determinants. Alternatively, the F, 
CTL might be restricted by host antigen (MHC”) occupying the 
receptor structures of MLC blasts, or have specificity for altered 
self MHC” determinants created as a consequence of receptor 
binding. In either case, these findings may provide an interesting 
approach to analysis of the cellular events involved in the 
development of self tolerance and the down regulation of poten- 
tial autoimmune responses to self MHC antigens. 

These studies were supported by NIH grant AI 10961. We. f- 
thank Dr Alan Pickard for the FACS IV analysis, Mrs Dianne A 
Wilson, Ms Ellen Schwartz and Ms Rima Goldenberg for 
secretarial help, and Dr Don Mason for gifts of W3/25, OX 8, 
OX 12 and OX 19. We also thank Dr Jonathan Sprent for 
helpful discussions. These studies were supported by USPH 
Service grants AI-10961 and CA-15822. 
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The mechanism of leukaemogenic transformation by human 
T-cell leukaemia/lymphoma virus (HTLV), a retrovirus impli- 
cated in the aetiology of certain adult T-cell leukaemias and 
lymphomas, is unknown but is conceivably associated with the 
expression of the cellular analogues of retroviral oncogenes. 
The HUT-102 cell line’, derived from a cutaneous T-cell lym- 


phoma and infected with HTLV*~, expresses several cellular — 4 
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oncogenes’. It is unusual among haemopoietic cell lines in that 
one of these is c-sis, the gene from which the oncogene v-sis 
of the simian sarcoma virus was derived, and perhaps the gene 
for siege ine ind factor (PDGF). To esplore the 







This sis the first example of transfor- 
yal human onc gene other than c-ras 





chloride methoc “AcDNA eee was eens from this RN A 
-using the plasmid primer method® with the plasmids pcDVI and 
pL. The resultant clones contain a simian virus 40 (SV40) 
enhancer and early promoter, splice site, and polyadenylation 
signal, enabling the expression of the cloned message in eukary- 
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aie Fig. 1 pSM-1 and pSM-2., A, 200 ng of DNA from the plasmids 
= pSM-1 (lanes b, d, f) and pSM-2 (lanes a, c, e) were digested with 
the restriction endonucleases Clal (lanes a and b), BstEII (lanes 
c and d) and BamHI (lanes e and f). Arrows indicate the size of 
the detected fragments in kb, calculated from a standard curve 
using HindIII-digested A phage DNA as a marker. B, Homology 
of c-sis with v-sis. A restriction endonuclease map of the plasmid 
pSM-1 cDNA insert is shown. The dark bar shows the area of 
homology with v-sis. 
Methods: A cDNA library using HUT-102 mRNA was made 
essentially as described previously®-? except that 11.5 wl of repaired 
cDNA was used to transfect 500 pl of competent ~1776 cells. Ten 
aliquots of 71776 cells were transformed, mixed with an equal 
volume of y-broth and incubated for 1h. 750 pi of cells were 
spread on a 137 mM nitrocellulose filter (Millipore, HATF) over- 
layed onto y-broth agar plates with a 25g ml” ‘ ampicillin. 
1.6 10° transformants per pg of vector primer (pcDVI) were 
obtained. Transformed colonies were replica-plated, and screened 
as described previously'®, 200 ng of DNA from pSM-1 and pSM-2 
were digested with the indicated restriction endonuclease (2 units 
pg” DNA) in the buffer recommended by the supplier [Clal (BRL, 
Gaithersburg) BstEII (New England Biolabs) and BamHI 
(Boehringer-Mannheim)] for 16h at 37°C. The DNA was then 
electrophoresed through 0.8% agarose, transferred to nitrocel- 
lulose, and hybridized to 1x 10° cpm of **p nick translated probe. 
A subclone of v-sis described elsewhere’? was cloned into M13. 
The cloned insert was purified by excision and gel electrophoresis 
from the double stranded M13 replicative form, and used for nick 
translation. 
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otic cells’. Using a cloned probe for v-sis?°, subcloned into M13,. 
two cDNA clones of c-sis were isolated (pSM-1 and pSM-2). 
from ~ 150,000 clones screened. In each instance, five clones 
surrounding the positive clones on the secondary plates were 
picked. DNA from these clones was negative with the vasis 
probe. a e 

One clone (pSM-1) contaii ins: 
the other (pSM-2) a 2.6 kb in 
digests show that each clone cor 
1A). Both v-sis and the correspo 
clone’? of c-sis have a single B 
located in the last exon of the open reat 
in preparation). When pSM-1 is digested with BstEII plu: 
two fragments are produced of 1.2 kband 0.8kb which} hybridi : 
with the v-sis probe (not shown). Thus the 5’ BstEII site shown. 
in Fig. 1B corresponds to the one contained in the last exon of 
the open reading frame of the c-sis gene. From this, we conclude 
that the c-sis RNA probably contains 1.9 kb of 3’ untranslated 
sequences which includes the other BstEII site, and that pSM-1. 
contains nearly 0.8kb of coding sequences which extend 
approximately 200 basepairs (bp) upstream from. the v-sis- 
related sequences, This confirms the presence of additional 5° 
coding regions in c-sis'*, A similar restriction endonuclease 
digestion pattern is obtained with pSM-2, except that the 5’ 
portion of the gene is 50-100 bp shorter (Fig. 1A). A restriction 
endonuclease map of pSM-1, as well as the region which is 
homologous to v-sis, is shown in Fig. 1B. The restriction maps 
of the region of homology of both genes are identical. 

Since expression of c- sis in T-cell lines is unusual’, we analysed 
HUT-102 DNA for evidence of rearrangement of c-sis. Using. 
pSM-2 as a probe, we compared restriction endonuclease digests 
of DNA from HUT-102 and from an uninfected B-cell line 
(CR-B)'* from the same individual. The digestion fragment 
sizes are identical with both EcoRI and BamHI (Fig. 2). DNA 
from the T-cell line 8402 was also tested using pSM-1 as a 
probe. When human cellular DNA is digested with EcoRI, 
Bglll, and Xhol, pSM-1 detects the same bands that are detec- 
ted by v-sis'* as well as additional bands (not shown) which 
apparently hybridize to the additional c- sis coding sequences in 
this clone. 

















‘2.7 kilobase (kb) insert. ae 
Restriction endonuclease 










23 kb —— 


8.1 kb =» 


7.5 kb 


2.4 kb 
2.1 kbm 





Fig. 2 Restriction endonuclease fragments of genomic DNA 
which label with pSM-1 and pSM-2. High MW DNA isolated from 
HUT-102 cells (lanes a and c), and CR-B cells (lanes b and d), 
was digested with EcoRI (lanes a, b) or BamHI (lanes c, d) and 
hybridized to **P-pSM-2. Arrows indicate the size of the detected 
fragments in kb calculated from a standard curve using Hindi- 
digested A phage DNA as a marker. 
Methods: Digestion of DNA with restriction endonucleases were 
performed as described for Fig. 1. One yg of plasmid DNA was- 
nick translated with “*p-dATP and 32p.dCTP to a specific activity — 
of 4x 10° c._p.m. pg’. 25 pg of DNA was electrophoresed through - _ 
0.8% agarose, transferred to nitrocellulose, and hybridized | to. 
3x 10° c.p.m. of the indicated pate as described in Fig. leoo 
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To test- ete NIH-3T3 cells could be transformed by 


>; pSM-1, cells were transfected with pSM-1 using the calcium- 






-phosphate method’. After 18 days, the plates were examined 
for transformed foci of cells. Approximately 200 foci were 
observed per pg of pSM-1 DNA (Fig. 3A). These foci appear 
to differ morphologically from those which are typical, in our 
experience, of cells transformed by ras, in that the cells have a 
less spindle-shaped appearance while retaining the ability to 
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Fig. 3 A, Photograph (x32) of NIH-3T3 cells transformed by 
pSM-1. B, Southern biot of DNA obtained from the parent NIH- 
3T3 cells (lanes 1 and 4) and two different transformed cell clones, 
T98-7, (lanes 2 and 5) and T98-1., (lanes 3 and 6), digested with 
BamHI (1-3) and EcoRI (4-6). 32P nick translated pSMI was 
-used as probe. The arrows show the sizes of fragments generated 
by digestion with BamHI of pSM-1 DNA. 

Methods: NIH-3T3 cells were obtained from D. Lowry and were 
maintained on Dulbecco’s modified Eagles medium with 10% heat 
inactivated fetal calf serum. For transfection, cells were seeded at 
2.5 10° per 35 mm plate on the day before use. The transfection 
procedure used was a modification of that described by Graham 
and van de Eb'*. Briefly, 20 ug of carrier calf thymus DNA was 
mixed with 0.5 ug of pSM-I in 0.5 ml 250 mM CaCl,. This was 
then added dropwise with N, bubbling to 0.5 mi of 2x HBS sol- 
ution at pH 7.0 and the calcium phosphate- DNA precipitate was 
allowed to form over a period of 30 min at room temperature. 
0.5 ml of this precipitate was then applied to each 35 mm plate 
containing 1.5 ml media and allowed to incubate at 37 °C for 4-6 h. 
The plates were then washed gently with fresh media once and 
re-fed and incubated an additional 12-16 h before splitting. After 
splitting, plates were held for 14-18 days and foci scored. Rep- 
resentative foci were then picked using 6 mm cloning cylinders and 
the resulting cell lines were grown up for further analysis. Southern 

“blots were performed as described in Fig. 2. 


pile up into a ‘typical: focus. Several foci were picked: using a 
cloning cylinder and the resulting transformed cell clones were 
expanded for DNA extraction. Southern blots confirmed the 
presence of pSM-1 DNA in the transformed cells (Fig. 3B). 
Digestions with BamHI and Clal indicated that the entire. 
pSM-1 sequence was present in all the transfectants. Digestior 
with these enzymes and the no cut enzyme EcoRI showed that~ 
in all the transfectants, the pSM-1 was integrated at numerous 
sites. In many cases, however, the pSM-1 was also present at — 
least transiently as an episome. Using the v-sis insert from M13 
as a probe moderately high levels of c-sis RNA could be detected 
by Northern and RNA dot blots (not shown). Control NIH-3T3 
cells transfected with calf thymus DNA resulted in no trans- 
formed foci. 

There are several possible reasons for the transformation by 
pSM-1 of NIH-3T3 cells. First, the observed transformation 
may simply depend on a high intracellular concentration of 
PDGF, the putative product of the c-sis gene. Although exter- 
nally added PDGF does not transform’’, availability of PDGF 
receptors may limit the intracellular concentration which can 
be achieved. Furthermore, the pSM-1 construct utilizes the 
SV40 early promoter”, which would result in a high constitutive 
level of transcription in the transfected cells. Second, it is possible 
that an alteration in the c-sis gene in HUT-102 cells confers 
transforming activity on pSM-1. When high molecular weight 
HUT-102 DNA is used to transfect NIH-3T3 cells, no transfor- 
med foci are seen (E. W., unpublished observations), which 4 
suggests that the c-sis gene of HUT-102 is not intrinsically - 
capable of transformation of NIH-3T3 cells. However, the c- sis 
promotor may not normally function in NIH-3T3 cells, or the 
intact c-sis gene with its promoter may be too large to remain 
functionally intact after transfection. Either possibility might 
also explain the finding that although many sarcomas express a 
4.2kb sis mRNA, the DNA from most does not transform 
NIH-37T3 cells, and of those which do, a relative of the ras 
oncogene family is involved rather than c-sis'®’’, Third, the 
cloned c-sis sequences in pSM-1 are truncated, lacking approxi- 
mately 1.4 kb of 5’ sequences of c-sis mRNA. The sequences 
that are present extend 150-200 bp beyond the S’ region 
homologous to v-sis. The extra sequences contain a methionine 
codon (ATG) 21 codons upstream from the sequences 
homologous to v-sis which is in phase with the v- sis open reading 
frame (S.F.J. et al, in preparation). It is possible that the 
upstream c-sis sequences not contained in pSM-1 code for a 
regulatory region of the protein and that the absence of these 
sequences result in the observed transformation. Deletion of 3) - 
sequences as a result of cloning may thus mimic the generation- 
of the v-sis gene in SSV. We are currently attempting to obtain 
full-length clones of c-sis mRNA to answer these questions. 

The data presented here unequivocally demonstrated that the 
c-sis message obtained from HUT-102 contains all the sequen- 
ces necessary for transformation. This transformation potential 
could be relevant to transformation in some cases of HTLV- 
associated lymphoma, as well as in soft tissue sarcomas and 
glioblastomas, which also express c-sis'*. It does not, however, 
seem a likely mechanism in all cases since expression of c-sis 
was not found in the majority of HTLV transformed cells. 

We thank Dr H. Okayama for making available the pcDVI 
and pLI vectors, and Dr L. Eiden and M. Eiden for useful 





discussions. 
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Although the murine retrovirus SL3-3 is highly leukaemo- 
genic’, in both the structure of its genome and in its properties 
of replication in tissue culture it closely resembles the non- 
. leukaemogenic retrovirus Akv (refs 3, 4). An earlier investiga- 
A tion of the properties of recombinant SL3-3~Akyv viruses local- 
ized the major determinant of leukaemogenicity outside the 






gene and the noncoding long terminal repeat (LTR)*. To local- 
ize the determinant of SL3-3’s leukaemogenicity more precisely 
we have now construced a recombinant provirus containing the 
LTR of SL3-3 and the coding region of Akv. The leukaemogen- 
icity of these recombinants demonstrates that the determinant 
of leukaemogenicity lies within the SL3-3 LTR. Nucleotide 
sequencing of the LTRs of SL3-3 and Akv shows that they 
differ by a set of changes in the region thought to contain a 
transcriptional enhancer element. We Suggest that enhancer 
region sequences are the major determinants of leukaemogenic- 
ity in these viruses. 

The murine retrovirus SL3-3 was isolated from a cell line 
that had been established from a spontaneous T-cell lymphoma 
of an AKR mouse*®. Akv is an endogenous retrovirus that is 
expressed in AKR mice from mid-gestation onwards*"®, 
Whereas SL3-3 induces lymphomas in several strains of mice, 
usually within 2-4 months post-inoculation, Akv is non- 
1 iukaemogenic?”, 





To test whether the leukaemogenicity of SL3-3 is determined — 


by its LTR, a recombinant viral genome, RECAS-LTR, was 
constructed between molecular clones of the SL3-3 and Akv 
genomes (Fig. 1). A 665 base pair (bp) segment of the AKR 
genome, beginning 36 nucleotides from the 5’ end of the Aky 
LTR and extending 75 nucleotides into the untranslated leader 






Virus AKR/J+ C3Hf/Bi CBA/J 
RECAS-LTRt 24/28—86%—150 11/13—85%—140 1/2—50%—120 2/17—12%—99 
Akv§ 0/17—0% 0/9—0% 0/2—0% 0/13—-0% 














* Newborn mice, usually less than 48h old, were injected intra 


testing the data from them is pooled. 


§ Pathogenicity data for Akv is pooled from several independent plasmid isolates, including the one used to construct the RECAS-LTR recombinan 


. plasmids. 
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“env gene, in a region of the viral genome that includes the di 


Table 1 Leukaemogenicity of RECAS-LTR 


Leukaemogenicity* (no. with disease/no. inoculated—incidence—mean latent period (days)) 





peritoneally with 0.05-0.1 ml of virus stock. RECAS-LTR stocks. containe 
pproximately 10° infectious units per ml, as measured by end point dilution on NIH 3T3 fibroblasts. Mice were monitored daily, Disease 
individuals were killed and necropsied to determine whether a lymphoma was present. All mice recorded as being diseased showed gross pathologie 
typical of thymic lymphomas, including greatly enlarged thymus, spleen, peripheral and mesenteric lymph nodes and liver. meee 

t Leukaemogenicity in AKR mice was measured as a shortening of the latent period before the mice became moribund. Only mice that did si 
before 180 days of age were counted, so as to distinguish virally-induced from spontaneous disease. Leukaemogenicity in C3H, CBA and N 
mice was measured by induction as these strains normally do not have high an 

+ Two independent plasmid isolates of the RECAS-LTR genome were tested. As both isolates gave equivalent results on leukaemoger ic 








have been described previously’. Specifically, the Pstl-Peul frag- Ae 
ment containing the SL3-3 LTR was subcloned into PBR322 to 
generate plasmid pLTR-S3. A restriction enzyme fragment that = 
contains the SL3-3 LTR was isolated from plasmid pLTR-S3 and 
ligated to a restriction fragment from a clone of the Akv genome. s 
(pAKR-34) that contains the complementary fraction of the Viral 
genome, lacking the LTR sequence. The resulting recombinant | : 
plasmid contains a viral genome that contains only a single LTR. 
This was used to transform Escherichia coli to tetracycline resist- 
ance, and the RECAS-LTR genome was cloned. Both LTRs of 
proviral genomes resulting from transfection of this plamid are 
derived from the single SL3-3 LTR. The structure of RECAS-LTR = 
plasmid was confirmed by digestion with the restriction enzymes 
BstNI, KpnI and Belll, which distinguish the recombinant struc- pee 
ture from the parental plasmids*. The methods used to transfect 
the recombinant plasmid to yield infectious virus of the structure 
shown have also been described previously**?, 


sequence, was replaced with the corresponding region from 
SL3-3. All the coding sequences of RECAS-LTR are derived 
from Akv. 

Viral particles derived by transfection of NIH 3T3 fibroblasts 
with RECAS-LTR DNA were tested for leukaemogenicity by 
injection into newborn mice of the strains in which SL3-3 is 
leukaemogenic. As shown in Table 1, RECAS-LTR is leu- 
kaemogenic in the same strains as SL3-3, but the relatively low 
incidence of disease in inoculated NFS/N strain mice and the 
increased latent period in AKR/J and C3Hf/ Bi mice shows that 
the leukaemogenicity of RECAS-LTR js actually slightly less 
than that of SL3-3. 

LTR sequences of murine leukaemia viruses are not known 
to encode proteins, but do determine several viral functions®!2. 
To investigate the precise nature of the differences within the 
region of SL3-3 substituted for Akv in the LTR recombinant 
virus, the nucleotide sequence of the SL3-3 LTR region was 
determined and compared with the corresponding sequences 
previously reported for Akv? (Fig. 2). This comparison shows 
that the SL3-3 and Akv LTR sequences are of similar size and 
have the same general organization. The region that encodes 
transcriptional promoter’? and polyadenylation signals‘* is iden- 
tical. Upstream of the region that in both viruses is made up of. 
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Fig. 2 Nucleotide sequence of the SL3-3 LTR region compared with the sequences of the Akv? and Gross AŻ? LTR regions. Sequencing 


was performed using both the Maxam-Gilbert*? 
sequences (3’UT) that flank one LTR in the complete viral genome, 


region of Akv, and the equivalent 
regions of each virus. Thick-lined, small 
‘designated E (see Fig. 3) partially matches the sequences 


and M13-dideoxy techniques” 
and the tRNA primer binding site (PBS) that flanks the other LTR. A 
dot indicates an equivalent nucleotide in the Akv or Gross A sequences 
sequences of SL3-3 and Gross A. The large, 
boxes show the positions of sequences 


455 1 TR sequences are shown along with the 3’ untranslated 


relative to SL3-3. Sequences in italics comprise the direct repeat 
thin-lined boxes show the boundaries of the direct repeat 
similar to the enhancer core sequences*®?’, The sequence 


labelled E’ and E” in the direct repeats of SL3-3 and Gross A. The positions of 


< sequences of known significance that are located outside the direct repeats are also shown. The star indicates the position of the only nucleotide 
difference between the SL3-3, Gross A and Akv sequences that is located outside the direct repeats. The inverted repeats at the ends of the 


LTR are shown by arrows. 


Positions of the conserved sequences CCAAT, TATAAAAA and AAUAAA are boxed and the position where 


transcription initiates is also shown. 


tandem direct repeats (see below) there is only one nucleotide 
difference between the two sequences: the insertion in SL3-3, 
relative to Akv, of an A residue 65 nucleotides from the 5’ end 
of the LTR (Fig. 2). This alteration was previously noted as an 
oligonucleotide marker present in the genomes of several 
independently isolated, leukaemogenic viruses from AKR mice, 
including those of SL3-3 and Gross passage A virus (Gross 
A)?1516 The sequence of the SL3-3 leader sequence down- 
stream of the primer binding site is identical to the equivalent 
~ séquence of Akv (M. Etzerodt and F. Pedersen, personal com- 
h the point where the recombinant virus was 


In striking contrast to these conserved 





different. In the Akv LTR two copies of a 99 bp sequence are 
present as direct repeats (Fig. 2). The comparable region of 
_ §L3-3 consists of two 72 bp repeats, 
- of the first 35 bp of the repeats. Despite these differences there 
are similarities between the directly repeated sequences of the 
two viral LTRs. The SL3-3 repeat region can be seen to be 
related to that of the Akv LTR by two deletions, an insertion 
of a sequence similar to that of a segment upstream of the direct 
repeats, three single base changes and a tandem duplication. 
These changes are summarized schematically in Fig. 3. 


These differences between the SL3-3 and Akv LTR sequences 


~~ must account for the leukaemogenicity of the LTR recombinant 


virus. In this context, it is interesting to compare the LTR 


LTR sequences, the tandem repeat sequences are markedly — 


followed by a third copy — 


sequence of another leukaemogenic virus, Gross A, with that /. 
of SL3-3. Gross A is the prototype leukaemogenic virus derived“. 
from AKR mice!’. Recombination studies have shown that the 
major leukaemogenic determinant is localized within a region 
that includes the viral LTR, 3’ untranslated region and. the 3’ 
half of the env gene'®. This observation raises the possibility 





that the Gross A and SL3-3 LTRs contain similar leukaemogenic 
determinants. 

Comparison of the LTR sequence reported for Gross AY 
with that of SL3-3 shows that they are strikingly similar (Figs 
2, 3). The LTR sequences of both viruses are identical to that 
of Akv outside of the direct repeats, except for a single nucleo- 
tide difference, which occurs at the same position in both SL3-3 
and Gross A (Fig. 2). However, unlike the single nucleotide 
insertion in $L3-3, the difference in Gross A relative to Akv is 
a change of G to A. | p ae 

Within the direct repeat region, the Gross A LTR is very 
similar to that of SL3-3, and. correspondingly different from 






that of Akv (Fig. 3). Deletions relative to Akv show that the 
Gross A LTR has a general structure which is equivalent. to 
that of SL3-3. An insertion in the 1 peat region relative to Akv | 
occurs at the same position in Gross A 

























yr -as that inSL3-3. Although 


this insertion has-a similar sequence to that of SL3-3 at the 3' 
end, it is nine nucleotides longer. Both inserts are similar to a. 
rR (Figs 2, 3). There are six 
of the Gross A LTR which is 
ree. 


sequence near the 5’ end of the 
single base changes in the region of the Gross A i4. 
similar to sequences in the direct repeats of Akv (Fig. 3). Th 
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Fig. 3) Schematic representation of the relative configuration of 
The general organization of the Akv LTR is shown 
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end of the direct repeats is expanded and shown below, along with the equivalent regions from SL3-3 and Gross A. Each direct repeat of ve 


Akv is subdivided into five segments, designated A, 


B’ are identical at 13 of 16 nucleotides. The boundaries of each segment were determined by diac 
with a line indicating homology and the positions of differences being noted: = 


Gross A. The sequences of these are also 
SL3-3 can be defined as being related 


three single base 





found in the segments designated D. The overall structure of this clo 


of a second unit designated DR-13. Note that only the 3’-most segments, labelled D in SL3-3 and Gross A, contain the deoxyadenosine 
residue that is shown 


SL3-3, Gross A and Akv sequences that is located outside 


of these changes are identical to those observed in the SL3-3 
Sequence. In contrast to SL3-3, only a partial tandem repeat is 
present in Gross A. Nonetheless, the organization of the Gross 
A LTR is clearly very similar to that of SL3-3 (Fig. 3). 
The observation that differences between the LTR sequences 
of the leukaemogenic viruses SL3-3 and Gross A and that of 
\the non-leukaemogenic virus Akv are restricted to a region 
-ymextending from the single nucleotide difference through the 
“tandem repeats argues that the function associated with this 
region determines leukaemogenicity. The tandem repeat region 
of the viral LTR was identified as a transcriptional enhancer 
element in the murine retroviruses Moloney sarcoma virus 
(MSV)*°*? and Harvey sarcoma virus??*, The direct repeat 
regions of Akv, SL3-3 and Gross A are clearly related to the 
corresponding region of MSV®?5 (Fig, 3) and, moreover, contain 
sequences similar to the ‘core sequence’ of identified enhancer 





elements*®?’ (Fig. 2). It is therefore likely that this region 


functions as an enhancer in all these viruses. 

We suggest that viral leukaemogenicity is determined by these 
putative enhancer region sequences. Specifically, we suggest that 
the enhancer of SL3-3 permits efficient transcription and replica- 
tion of the virus during infection of a critical target tissue, 

\ whereas the activity of the Akv enhancer is deficient in such 
issues. Likely targets are cells of the T lymphocyte lineage as 
‘the malignancy induced by SL3-3 is a T-cell lymphoma?” 
Differential transcription and replication of the virus in other 
tissues, such as thymic epithelium, might also play a part in 
disease induction”. . 
Several recent observations are consistent with the hypothesis 
that LTR sequences determine leukaemogenicity by conferring 
tropism for the pre-tumour cell. Viruses 










capable of inducing — 
T-cell lymphomas replicate in the thymus, whereas non- a 
leukaemogenic viruses do not???” and LTR sequences of Gross _ 


of the direct repeats is also shown. The similarity between the SL3-3 and Gross 


or family of loci, in the germ line of © 


A virus have been shown to confer thymotropism?". Moreover, ` 
the erythroid or lymphoid nature of tumours induced by Friend 
leukaemia virus and Moloney leukaemia virus, respectively, is- 
probably determined by the viral LTR sequences®2. Recent 
evidence also intlicates that tissue specificity is a property of 
both cellular and viral enhancer elements??? 

It seems likely that the ultimate mechanism of tumorigenesis 
by murine leukaemia viruses involves the activation of specific 
cellular genes by insertion into the cellular genome of viral 
transcription regulatory elements*°*5. Efficient viral transcrip- _ 
tion in the target tissue might be required to permit a high level 
of infection of the tissue, increasing the probability of the 
requisite integration event, and also for high levels of transcrip- l 
tion of the cellular gene*!+?6, Evidence from several inves- 
tigators suggests that the viral env genes might also play a part 


in lymphomagenesis”**’"*!, and efficient transcription might — 
also be required for high levels of expression of these genes. 
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_. Moloney murine leukaemia virus (M-MuLV) infection of 
~~ embryonal carcinoma (EC) cells results in the integration of 
- proviral DNA into the host cell genome’, but not in virus 
_ production’. One suggested explanation for the lack of viral 
> gene expression in EC cells has been methylation of the 
> integrated viral DNA‘. However, subsequent reports indicated 
o M-MuLV DNA occurs soon after infec- 
tion, but that viral DNA methylation occurs considerably 
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Table 1 Infectivity of transfected proviral DNA clones in NIH 3T3 


celis 
a 
3 LTR Experiment 
1 2 3 

Mo 

DNA 1 2-10 « 10° m a 

DNA 2 me 2.5x10° 10*x10° 
AMo 

DNA 1 1x10 mn — 

DNA 2 — 1.4x10' 0.2-2 x 10' 
A Mo + PyF101 

DNA I 3-10 x 10° 6x 10° 10« 107 

DNA 2 mn — 55x107 


NIH 3T3 cells were transfected with DNA from the different proviral 
clones described in Fig. 1 by the calcium phosphate method. The cells 
were transferred 1:5 1 day after transfection (before the spread of 
infectious virus), and scored for production of virus by the UV-XC cell 
assay!’ upon reaching confluency (2-3 days). Transfections with 0.1, 
0.01 and 0,001 pg of test DNA were performed, in the presence of 
5 wg of carrier calf thymus DNA. Infectivities in XC plaque-forming 
units per pg transfecting DNA were calculated, and are shown in the 
table. Data are shown from three different transfection experiments, 
involving two different DNA preparations for each construct. 


expression occur in the region of the polyoma genome identified 
to have transcriptional enhancing activity in transfection 


assays’. When restriction fragments encompassing these muta- f 


tions are coupled to heterologous genes and used to transfect. 
F9 EC cells, there is enhanced expression of the heterologous 
genes in comparison with constructions having no polyoma 
fragment, and also in comparison with those containing the 
analogous wild-type polyoma fragment’*. The similar restriction 
of polyoma and M-MuLV in EC cells suggested that M-MuLV 
gene expression might also be blocked at the level of enhancer 
function. 

We first tested whether removal of a specific regulatory 
sequence from the M-MuLV long-terminal repeat (LTR, Mo 
in Fig. 1) would affect the infectivity of M-MuLV in NIH-3T3 
mouse fibroblasts. A recombinant subclone of M-MuLV DNA 
containing a deletion encompassing the tandemly repeated 
sequences located upstream (~341 to ~182) of the promoter 
region (AMo, Fig. 1a) was first isolated. The tandemly repeated 
sequences have previously been implicated as enhancer ele- 
ments!>"!* This subclone was then used to construct.a complete 
M-MuLV proviral DNA clone, containing a wild-type long- 
terminal repeat (LTR) at the 5’ end and the deleted LTR at | 
the 3’ end (Fig. 1b). This M-MuLV DNA was used to transfe« 
NIH-3T3 cells, followed by assay for M-MuLV infectious 
centres using the XC syncitial assay'’. The appearance of an 
infectious centre, revealed by a macroscopic XC plaque, is 
dependent on the spread of infectious virus from the initially 
transfected cell to neighbouring uninfected cells. Furthermore, 
during retroviral infection and DNA synthesis sequences present ~ 
in the U3 regions of both LTRs originate from the 3’ end of 
the viral RNA, which is itself encoded by the 3’ LTR". Asa 
result, secondarily infected cells would contain deleted LTRs at 
both ends of the provirus. Table 1 illustrates the results of the 
transfections experiments. While transfection with wild-type 
M-MuLV proviral DNA (Mo) gave high levels of infectious 
centres, deletion of the tandem repeats (A Mo) greatly reduced 
the number. The low level of infectious centres resulting from 
constructions containing a A Mo 3’ LTR probably resulted from 
recombination at the DNA level during transfection to give vi 
DNA with wild-type LTRs at both 5’ and 3° ends (data not 
shown). It is therefore likely that removal of the tandem repeats 
from the M-MuL.V LTR resulted in complete loss of infectivity. 

We further tested if the loss of infectivity resulting from 
deletion of the M-MuLV LTR tandem repeats might be the 
result of deletion of sequences with transcriptional enhancer 
activity. An LTR was constructed in which the enhancer 
sequence of a polyoma virus mutant (PyF101) capable of pro- 
ductively infecting EC cells was inserted into the M-MuLV LTR 
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Fig. 1 a, LTRs used to construct complete proviruses for tests of infectivity and CAT plasmids to tests enhancer activity. Mo: this is an. 
expanded view of the LTR from a clone of circularly permuted M-MuLvV proviral DNA, PMLV-1a**”°, and shows the sequences important = 
in proviral transcription. U3 contains tandemly repeated sequences implicated as enhancer elements, and the consensus sequences CCAT and 
TATA. The initiation site and poly(A) site define the 5’ and 3’ ends of R, respectively; within R is the putative signal for polyadenylation 


AATAAA. The Xbal site used to construct the deletion A Mo, and the Smal site used to link the M-MuLV promoter to the CAT gene are 





also shown. A Mo: this LTR contains a deletion extending from position —335 to ~150 relative to the initation site, which encompasses the: 


~~ tandem repeats, It was obtained by deletion about the Xbal site at —150 by exonuclease III and S, nuclease digestion, followed by re-ligation 

“in the presence of Xbal linker. Sequences deleted to the 3’ side of the Xbal site were restored by reintroducing a wild-type Xbal-Smal 
fragment. A Mo+PyF101: this construct contains the Poull-4 fragment of mutant polyoma virus PyF101 within A Mo. A Mo+PyF101 was- 
constructed by first adding Xbal linkers to the Puull-4 fragment, and then cloning into A Mo at the Xbal site. The polyma fragment has the: 


same orientation relative to the M-Mul.V promoter sequences as it does with 


deleted of its tandem repeats (shown as A Mo+Py101 in Fig. 
la), and this was reconstructed to. give a complete proviral 


organization. The inserted polyoma enhancer sequence wasa 
199 bp Puull fragment (fragment 4), obtained from the PyFIOL: oo 
Ý PyEC mutant’®. This fragment has been shown to enhance 
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ransformation of EC TK(—) cells by the herpes virus thymidine 
Kinase gene and to enhance expression of a bacterial chloram- 
phenicol acetyltransferase (CAT) gene in cis during transfection 
of EC and NIH-3T3 cells'*. Transfection of the reconstructed 
proviral DNA containing the polyoma PyF101 enhancers gave 
increased viral infectivity (Table 1) relative to the A Mo con- 
struct. Analysis of RNA from the transfected cells confirmed 


the presence of polyoma virus sequences (data ‘not shown). 
These results indicated that the polyoma enhancer Sequences. _ 
can functionally replace the M-MuLV tandem repeats during — 


M-MuLV infection, and support the possibility that the M- 


MuLV tandem repeats are enhancer sequences, — 
The transcriptional activities of the wild-type, deleted and 


substituted M-MuLV LTRs were also assessed in a transient _ 
expression system. For these experiments, portions of the LTRs | 






re inserted into plasmids containing the bacterial CAT gene 


begin at the LTR initiation site, read through the CAT gene 
and then terminate. The activity of the M-MuLV LTR promoter 


could then be determined by transfecting cells with the con-. Seu 


structs and assaying for CAT activity?, 


Three constructions were tested: Mo-CAT A Mo-CAT and 


| ‘AMo+ PyF101-CAT, which have the CAT gene linked to the = = 





| bMo-car Ga G 


ollowed by the sequence AATAAA, which. is thought to direct 
RNA polyadenylation (Fig. 2). The constructions included the 
entire promoter region of the LTR, so that transcription would 
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Fig. 2 The cloning strategy used to construct CAT plasmids. 


containing the Mo, A Mo, or 4 Mo+PyF101 promoter regions. — 
The construction of A Mo-CAT is shown, with the constructions 
of Mo-CAT and A Mo+PYF101-CAT proceeding similarly. A 
PMLV-C/R/B was digested with EcoRI and Smal. The EcoRI 
site (in pBR322) and the Smal site (in the R region of the LTR) => 
of the U3-containing subfragment were modified to HindIII sites, © 
and then cloned in plasmid pUCCATpA** at the Hindli site 5’ 
to the CAT gene. Clones containing the LTR fragment in the. 
appropriate orientation to initiate transcription from the LTR 
r into the CAT gene were isolated. The seq 
\ represents an oligonucleotide which was directly cloned 
into the pUCCATDA plasmid 3’ to the CAT gene’*. 






















Mo, å Mo and A Mo+PyF101 LTRs respectively. Figure 3 
shows results obtained from transfection of F9 EC and NIH-3T3 
cells by these constructs. 

CAT activity could be detected in NIH-3T3 cells transfected 
with Mo-CAT or A Mo+ PyF101-CAT, indicating a functional 
LTR in both cases. NIH-3T3 cells transfected with A Mo-CAT 
showed no CAT activity, confirming the requirement of the 
tandem repeats for LTR promoter activity. In contrast, no CAT 
activity could be detected in F9 EC cells transfected with Mo- 
CAT, but CAT activity could be detected in F9 cells transfected 
with A Mo+PyF101-CAT. These data indicate that the M- 
MuLV tandem repeats do not function in F9 EC cells, and also 
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Fig. 3 CAT enzyme activity from transfected F9 EC cells and 
NIH-3T3 cells. Procedures of Gorman et al.” were followed for 
the CAT enzyme assays. Transfections were performed as pre- 
aiously described'*. a, Results of enzyme assays of F9 EC cells 
transfected with the three different: CAT constructions described 
in Fig. 2. Acetylation of chloramphenicol is plotted as a function 
of assay incubation time. 6, Results of enzyme assays of NIH-3T3 
cells transfected with the three different CAT constructions. c, 
Autoradiograph of CAT enzyme assay from F9 EC cells and 
NIH-3T3 celis transfected with the recombinant DNA construc- 
tions Mo-CAT, 4 Mo-CAT and A. -Mo+PyF101-CAT. The 
autoradiograph was from the 60min time point of the enzyme 
assays. These results are typical of repeated transfections and 
repeated enzyme reactions. ac-CM, acetylated'*C-chloram- 
phenicol; CM, 14C-chloramphenicol. 
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strongly suggest that the primary block in M-MuLV infection 
of EC cells is at the level of the tandem repeats, and possibly 
at the level of enhancer sequences. 

Thus the upstream tandem repeats are required for the pro- 
moter activity of the M-MuLV LTR, and they can be substituted. 
by polyoma sequences known to have enhancer activit 
However, it is possible that the tandem repeats actually functior’ 
within the LTR by a different mechanism from that of enhancer 
sequences. While we cannot completely rule this out, insertion 
of the polyoma enhancer sequences in the opposite orientations 
to those described here also restored activity to the A Mo LTR, 
suggesting that they are functioning as enhancers of transcription 
directed by the M-MuLV LTR promoter. 

Several recent reports suggest that cell-specific activity of 
regulatory elements may be an important aspect of biological 
control. The enhancer elements associated with the mouse 
immunoglobulin heavy-chain gene appear to function only in 
lymphoid cells*””**. The activity of viral enhancers from $V40, 
polyoma and murine sarcoma virus during transfection differs 
with the cell species'®?**, Tissue tropism and virulence of 
lymphoma caused by MuLV has been associated with the LTR, 
particularly the region containing the tandem repeats**°, and 
recently, cell-specific expression of the insulin and chymotrypsin 
genes was shown to be determined by the 5’-flanking regions?” 
The results presented here may have revealed another example 
of a cell-specific regulatory element, the tandem repeats of the 
M-MuLV LTRs, which seem to promote transcription in fibrob- 
lasts, but not in EC cells. ag 

Our results suggest that a primary block i in M-MuLV infection 
of EC cells is the inability of the tandem repeats to function 
within the M-MuLV LTR. However, the viral infection cycle 
is a complex array of many events, and other blocks (including 
methylation) may also exist. The M-MuL Vs containing PyF101 
enhancer elements described in Table 1 provide tools for inves- 
tigating this question, since they have overcome the primary 
block. Indeed, preliminary experiments indicate that infection 
of F9 EC cells with M-MuLV containing PyF101 enhancers 
results in expression of viral protein, while infection with wild- 
type M-MuLV does not. 

This work was supported by NIH grant RO1-CA32455 to 
H.F. and NIH grant CA24206 to E.L. 
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MICRO 84 takes place at the Bloomsbury Crest Hotel in London from July 9th to 73th 1984, 


‘SCANNING ELECTRON MICROSCOPY 


at 
MICRO 84 





MICRO is the largest conference and exhibition concerned: 


with all aspects of Light and electron microscopy; and any one microscopical technique, such as SEM, can be easily seen in the context of all 


_ the other, allied techniques, available, 
y thea whole of MICRO, Some symposia are directed specifically to SEM, others have particular lectures which are relevant to SEM, while in still | 
thers complementary techniques are discussed, zs 


SEM OP IMISATION 
(Thursday /Friday) 


TUTORIALS IN MODERN 
ASPECTS OF MICROSCOPY 
(Wednesday) 





STATE OF THE ART_IN TEM ANO STEM. 


(Tuesday) 


ANALYSIS IN THE SEM 
(Friday) 


IMAGE RECORDING 
(Wednesday)? 


APPLICATION OF SEM 
(Throughout MICRO) 


EXHIBITION 
(Throughout MICRO) 


Today, the SEM is very much æ microscopist's workhorse and. there is a strong. SEM theme running through 


The following list highlights some of these lectures, 


The main objective of this symposium is “Getting the best out of your SEM", A series of tutorial lectures 
from acknowledged experts will cover the instrument, its operation, specimen preparation, image recording. 
and image interpretation. 


This Symposium is. concerned with microscepy and analysis of solid specimens, The lectures will not only cover 
SEM methods for the non-expert, but also Quantitative Microscopy, Scanning Optical Microscopy, Acoustic Micras~. _ 
copy, and Atom Probe Analysis, 


A series of tutorial lectures will deal with imaging and analysis of thin specimens. Among other things, 
the Syenonion ds intended ‘to update the: knowledge of those not. working directly with TEM or STEM, 


in the sessions ` on X-ray akcrdannigats and cryo-techniques s number of the presentations spaciticalty 
deal with preparation of specimens, including by low temperature methods, and their analysis in SEMs., 


The symposium will include lectures on opt imisation of scanning images, electronic processing of isaga, a 
and photographic recording of images, : TR 


Throughout MICRO, many of the sessions will include lectures on applications of the SEM to structural 
observations and microanalysis. Topics including an SEM component include: interfaces in semi-conductors; 
automated SEM in environmental studies; automatic SEM particle analysis in forensic science; SEM in the 
study of ancient materials. 


It is expected that more than 50 companies will be exhibiting their latest microscopes and ancillary equipment, 
covering the complete spectrum of instruments and techniques including, of course, full representation. 
of SEM equipment... i 


Details of the MICRO 84 programme, and further information, are available trom:- 


~The Administrator, Royal Microscopical Society, 37/38 St Clements, OXFORD OX4 1AJ. Telephone: 


(0865) 248768/721081 
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THE PLASMA MEMBRANE 
by S.K, Malhotra, University of Alberta 


Contents: 
membranous Particles; General Remarks on Membrane 
Proteins; Functional Domains; Intercellular Communication 
(Cell-to-Cell Junctions); Nivotinic Acetylcholine Receptor (Ach 
Receptor); Acetyicholinesterase (Ach Ej; Purple Membrane of 
Halobacteria. Bacteriorhodopsin; lon Transport Channels; 
Signal Carriers Across the Plasma Membrane; Plasman 
Membrane —Cytoskeletal Interactions; The Significance of 
Plasma Membrane Fluidity; Endocytosis, Exocytosis, and 
Membrane Fusion; Biosynthesis; Some Biomedical Appli- 
cations of the Plasma Membrane; Concluding Remarks. 
References; Index. 
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0477 09325 4 228ppp November’ 83 


CALCIUM IN BIOLOGY 
edited by T.G. Spiro, Princeton University 


Discusses the diversity and the universality of biological calcium 

processes. The book treats calcium modulated proteins, 
emphasizing structural principles and homologies resulting 
from X-ray studies, the chemistry of calmodulin, the role of 
calcium in triggering muscle contraction, the role of calcium in 
exocytosis by secretory cells and mineralization processes, and 
the structural chemistry of calcium as revealed by the use of 
lanthanide probes. 


Metal tons in Biology Series, Volume 6 


£57.35 


0471 88543 6 288pp February’84 £71.25 
THE PATHOLOGY OF TROPICAL 
FOOD LEGUMES 


Disease Resistance in Crop Improvement 
by D.J- Allen, Department of Applied Biology, University of 
Cambridge 


increased international awareness of the consequences of 
world food shortage has, during the last ten to twenty years, led 
to increased emphasis on tropical food crop improvement. The 
legumes, however, remain largely unimproved. 

This book is the first comprehensive but critical review of the 
pathology of the legume crops grown for food in the tropics. 


0471 10232 6 430pp February 84 £33.50 
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POLYOMAVIRUSES AND 
HERPESVIRUSES 


by B.V. Perbal and G.C. Fareed, both of University of California, 
Los Angeles; and H.K. Linke, Stanford University 


This reviews recent molecular, biological and genetic 
engineering advances in the study of two DNA Virus Families: 
Polyomaviruses and Herpesviruses. It updates virology research 
and provides a foundation in the DNA virus field. it deals with 
malignant cellular transformation caused by these viruses. A 
bibliography, diagrams, tables, and figures are included. 


0471 05058 X 260pp November’83 £40.60 
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edited by A. Meister, Cornell University, Medical College 
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AIR POLLUTION AND PLANT LIFE 


edited by M. Treshow, Department of Biology, University of 
Utah, Salt Lake City, USA 


This book provides an integrated assessment of the direct and 
indirect effects of air pollutants on plant life, the aim being to 
bring together the increasing but widely dispersed knowledge 
of these effects into a single readable reference source. It is the 
product of contributions by representatives of many of the 
groups conducting air pollution research in the industrial 
countries of Europe and North America, and although 
providing a broad overview of the field, it nevertheless gives 
sufficient detail for the specialist. 


Series: Environmental Monographs and Symposia 
0477 90103 2 498pp March’84 





£47.50 


£37.50 


Wiley-Interscience announces it has assumed publication of the series 


BIOLOGY OF THE REPTILIA 


Series Editor: Dr. Carl Gans 


This established and widely-acclaimed series provides an 
up-to-date comparative review of the class Reptilia. Each 
volume presents critical summaries of the state of 
knowledge in a particular research area by leading 
specialists in the field, Individual chapters provide overviews 
of reptilian biology in a functional and evolutionary 
framework and relate it to corollary research on other 
groups of vertebrates, Extensive references and detailed 
indices will continue to be a hallmark of the series, 
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Edited by: Dr. Carl Gans, Dr. Frank Billett and 
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Peter J. Smith 


By Tom Simkin and Richard S. Fiske. 





Krakatau 1883: The Volcanic Eruption and its Effects. A Centennial kenra e 


Smithsonian Institution Press: 1983. Pp.464. Hbk $25; pbk $15. ($1.50 for postage.) 





It WAS the year of Brahms’s Third 
Symphony, Renoir’s By The Seashore and 
Richard Jefferies’s Story Of My Heart. 
The Statue of Liberty was presented to the 
United States by France, Brooklyn Bridge 
opened in. New York, the Boys’ Brigade 
was founded in Glasgow, Sir Joseph Swan 
unveiled artificial silk and 
dynamite gangs were busy 
blowing up London. The previous 
year had witnessed the deaths of 
Charles Darwin, Ralph Waldo 
Emerson, Jesse James and Karl 
Marx. Stravinsky and Picasso 
were one year old, Bartok was two 
, and Einstein was four. 

< It was also the year in which a 
ielesram reached Singapore from 
Batavia, the capital of the Dutch 
East Indies, informing its 
recipients that ‘‘During night 
terrific detonations from 
Krakatau (volcanic island, Straits 
Sunda) audible as far as Soera- 
karta, — ashes falling as far as 
Cheribon — flashes plainly visible 
from here”. As Simkin and Fiske 
point out in their magnificent 
centennial volume, it was a 
telegram whose importance to 
science lay as much in the medium 
as the message. The 1883 explosive = 
eruption of Krakatau (or 2 
Krakatoa as the British mistakenly 
call it) is remembered ostensibly =s 
„Mor its remarkable size and spec- iewes 

“tacular distant effects; but £ 

although it was large by modern 
standards, it was far from the 
most violent known. Its 18 km? of 
tephra was as almost nothing Sea 
compared tothe 1,000km/*blasted Sag 
out by the eruption that formed 
Lake Toba (1,200 km away) about 
75,000 years ago. Even the 1815 
eruption of Tambora, 1,400 km 
away, had ejected about 100 km? 
of rock. 

The real reason why Krakatau was to 
become, and remain, the most famous of 
Vall volcanic events is that it was the first 
ruption of any size to have had its world- 
“wide effects extensively documented, a 
phenomenon made possible only by 
the existence of the 40-year-old electric 
telegraph. News of the eruption was tele- 
graphed around the world within hours. 
Within days and weeks, the world’s news- 
papers and magazines were able to report 
that 165 villages had been wiped out, that 

more than 36,000 people had died, that 





40-metre tsunamis had swept 600-tonne 
blocks of coral before them, and that only a 
third of the original island still lay above 
sea level. 

The significance of all this for science 


was that, for the first time, what would 


otherwise have appeared as disparate 





events around the Earth could be causally 
related. Every baragraph in the world 
recorded the air-wave from Krakatau over 
a period of five days. Tide gauges reacted 
to the sea-wave thousands of miles away. 
Blue and green suns were observed for 13 
days; and red sunsets were generated for up 
to three years. Ten months after the 
eruption, pumice rafts reached the 
opposite side of the Indian Ocean. 
Volcanic dust shielding out solar radiation 
lowered global temperatures for up to five 
years. In anage of instant satellite communi- 





X BOOK REVE i ee 
| ear of the eruption 


cation, it is difficult to envisage just: how : 
remarkable it must have seemed Br the tim 





event. 


ees The e Royal Society’ 5 oeat iN ‘earl 
1884 for eyewitness and scientific accou ats 
of the eruption and its aftermath soon — 
resulted in an extensive archive from which 
the Society was able to compile its now- 
famous report of 1888. But despite all this 
effort, the key document — RDM. | 
Verbeek’s official report-of 1885 —- was — 
never translated into English from eitherits — 
original Dutch or French editions. 

Verbeek, a mining engineer who- 
had mapped the geology of | 
Krakatau only three years before 
the eruption, was an ideal choice: 

as chief investigator; but most of 
the resulting monograph, 
comprising a narrative, before- 
and-after field studies and- 
relevant data from government 
sources, was to remain hidden 
from English-reading eyes. 

In providing the first trans- 
lation of a large part of Verbeek’s 
text, Simkin and Fiske demon- 
strate that for the past century the 
extant version of the Krakatau 
story has been the volcanological 
equivalent of the princeless 
Hamlet. Moreover, much of the © 
rest of the play has not been as: 
complete, or at least as readily 
accessible, as it might have been, 
which is why they surround the 
Verbeekian core with 87 
eyewitness accounts and more> 
than 100 pages of scientific (geo- 
logical, oceanographic, meteor- 
ological and biological) reports, — 
mostly published since 1883, 
= showing how understanding of 
=; = the eruption and its consequences 
= has progressed. i 
nn To these are added a 27-page : 
a “chronology {to 1981), an 
- 8 extensive annotated biblio- 
“graphy, reproductions of 


rakatan 


A fancif ul view of one of the consequences sol the eaiption rof Krakatau, a Verbeek’s 25 chromolithographs 
ship passing through a sea choked with corpses (from La Fin du Monde, of scenes seven weeks after the 
by Flammarion, 1894). Many corpses were in fact reported by ships in the 
area, but these were usually associated with blankets of floating pumice 
and tangles of vegetation. 


eruption, many rare (and some 
previously unpublished) photo- 
graphs of the eruption and its 
effects, reproductions of William 
Ascroft’s paintings of Krakatau’s atmos- 
pheric effects as observed in Chelsea, 
colour photographs of modern volcano- 
atmospheric effects for comparison, and 
numerous linking commentaries. The 
whole adds up to the most extensive and 
authoritative account of Krakatau ever 
published; a more impressive centenary | 
celebration could hardly be envisaged. ae 


Peter J. Smith is Reader in Earth Sciences at the 


Open University, and Editor of Open Earth. . 








M odel exercise 
Brian Charlesworth 
3 Theory of Natural Selection and 


Population Growth. 
By Lev R. Ginzburg. 






< Benjamin-Cummings/ Addison- Wesley: 


1983. Pp.160. $21.95, £16.95. 


_ THERE are two approaches to mathe- 
=- matical modelling in biology: one is to seek 
general formulations of the properties of 
basic processes, without paying much 
attention to observational detail; the other 
is to try and produce models that explain 
` particular classes of facts. Both the 
approaches are clearly needed for proper 
theoretical understanding (although most 


- biologists would probably sympathize 


more strongly with the second), and the 
great pioneers of population genetics each 
contributed in both of these ways. 

Lev Ginzburg’s book is an example of 
the first approach. Although he covers a 
number of largely unrelated topics, 
ranging from the dynamics of complex eco- 
systems to the population genetics of multi- 
allele and multi-locus systems, he is always 
concerned to extract generalizations about 
‘‘macroparameters’’ from the jumble of 
underlying mechanisms. The book reads 
much more like Ginzburg’s thoughts on a 
collection of topics than an attempt to 






—BOOK REVIEWS 
survey a field, and I feel that he could, in 
places, have made greater acknow- 
ledgement of the work of others — 
instance in relation to the stability of 


randomly chosen fitness sets in multiple © 


allelic systems (Chapter 4), and the inter- 
action of selection and density-dependence 
(Chapter 6). 

Ginzburg’s approach is frequently 
original and elegant, as exemplified by the 
treatment of change in mean fitness in 
multi-locus systems (Chapter 3). Here he 
demonstrates that a randomly-chosen 
n-dimensional vector of gamete frequency 
is expected to be located near the centre of 
the space of allowable frequency values, 
and uses this to show that mean fitness will 
usually increase in an n-locus system. 

Of course, the biologist will ask what one 
can do with such generalizations, and the 
answer is often unclear. In the n-locus case, 
for example, Ginzburg goes on to say that 
points in the neighbourhood of equilibria 
are not necessarily representative of 
randomly chosen points, so that his 
theorem does not rule out an important 
influence of recombination on the 
dynamics of change near equilibrium. My 
impression of this book is thus of a clever 
and enjoyable intellectual exercise but one 
which leaves me uncertain of its import- 
ance for evolutionary biology. E 





Brian Charlesworth is Reader in the School of 
Biological Sciences at the University of Sussex. 





More volcanology 


ELSEVIER’S new monograph series, 
Developments in Volcanology, has got off 
to a flying start with the recent publication 
of three hefty tomes with similarly illus- 
trated hardback bindings. Interior style is 
rather less uniform, however, two of the 
books (Vols 1 and 3) being printed via 
camera-ready typescript and the other 
having been typeset in the more traditional 
way. 

Although all three are edited 
“symposium” volumes, the origins of the 
material also differ. The first, Forecasting 
Volcanic Events (edited by H. Tazieff and 
J.C. Sabroux; pp.635, Dfl. 185, $78.75), 
comprises 37 specially commissioned 


— -chapters all of which are science-based but 


some of which also deal with the social, 
legal and economic aspects of volcanic 
. hazards. Indeed, the book is intended not 


O just for volcanologists but also for non- 


scientists, particularly those in local 
government and administration who are so 
often vexed by the inability of volcano- 
logists to come forward with clear-cut 
predictions unhedged by provisos. Readers 
who persevere will certainly understand the 
nature of scientific uncertainty by the end. 

The second book, Are Volcanism (edited 


py, Aramakiand I. Kushiro; pp.652, Dfl. 


230, $97.75), contains about 10% of the 
‘material presented at a 1981 conference 


and is a straight reprint of Vol.18 of the 
Journal of Volcanology and Geothermal 
Research. The 25 papers, all of which are 
specialist-scientific, range widely over the 
geochemistry (mainly), geology and geo- 
physics of island-arc volcanic activity. 
Specialists will know what they are in for 
and the rest of us will give up in despair. 
Explosive Volcanism (edited by M.F. 
Sheridan and F. Barberi; pp.481, Dfl. 220, 
$84.75), also reprinted from J. Volcanol. 
geotherm. Res., comprises 20 papers 
resulting from a workshop held in 1982. 
Topics covered include the atmospheric 
hazards of volcanic activity, the past 5,000 
years of activity at Mount Pelée, the little- 
known AD 472 eruption of Vesuvius, the 
fundamentals of hydrovolcanism, 
eruption of ignimbrites, volcanism in the 
Aleutian arc, computer-simulation of ash 
transport and deposition, and the 
evolution of the Fossa cone of Vulcano, as 
well as more detailed studies of the 
Sacrofano-Baccano caldera in Rome and 
the Somma-Vesuvius complex. Diverse 
though the topics are, the subject of 
explosive volcanism as a whole is rather 
more accessible than that of the previous 
volume and the text is thus less forbidding. 
Indeed, because a number of the articles 
treat the subject from the point of view of 
volcanic hazard, the book will be of interest 
to the natural audience for the first volume. 


Peter J. Smith we 


for 


the- 
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Cutting ecology down 
to size 


J ohn H. Lawton 


The Ecological Implications of Body 
Size. 

By Robert Henry Peters. 

Cambridge University Press: 1983. 
Pp.329. £17.50, $29.95. 








How much does a rhinoceros eat? What 
would be a good estimate for the defae- 
cation rate of a brontosaurus? What is the 
expected ratio of biomass for krill and 
whales in the Antarctic Ocean? Ecologists 
are often confronted by questions of this 
kind, but lacking the necessary data or the 
means of obtaining them have to guess the 
answers using reasonable assumptions. 
Undoubtably ‘‘guestimates’’ are much 
improved if we know the sizes of the 
organisms involved, because there exists a 
rich set of relationships between the rate at 
which individual animals do things and ; 
their body size. These allometric relation-- 
ships are the subject of Peters’s book. 

All biologists know of the existence of 
some allometric relationships, one of the 
most familiar being the ‘34 power rule” 
for metabolic rates — that is, to a good 
approximation, individual metabolic rates 
for different species scale as the 0.75 power 
of their body weights, with three broad 
groups of animals (unicells, poikilotherms 
and homoiotherms) differing only in the 
intercept of the underlying relationship, 
not in its slope. But such relationships, 
most of them less well known, exist for 
many other animal attributes. By 
describing a large number of body-size 
relationships in standard form, Peters has 
performed an invaluable service both for 
ecologists and for physiologists. Sixty | 
pages of appendices summarize hundreds 
of empirically determined equations 
linking body size to metabolic rates for 
various taxa under different conditions of 
temperature and activity, to physiological 
variables such as pulse rate or total sleep 
time, to costs of movement, to water and 
nutrient requirement, to home range size 


and so on. Here is a treasure house of 


information. 

The bulk of the text is a lucid general 
account of the ecological utility of this 
information, commencing with con- 
ventional problems i in what might broadly 
be termed physiological ecology. Good 
examples are the capacity of birds an 
mammals of different sizes to withstant | 
low temperatures, and the contrasting 
costs of migration in animals that have to- 
fly, swim or walk to their destination. This 
material occupies Chapters 3-6, following 
an introduction and a mathematical primer 
on such matters as logarithms. and power 





- functions in Chapter 2. The physiological. 
theme resurfaces in Chapter 13 where. 
| Peters reviews See for. ro n 





_ Columbia University 
announces 


Axel Licenses Now Available 


Columbia University is now offering licenses 
for commercial development of pioneering 
genetic engineering techniques developed by 
Dr. Richard Axel and colleagues. Each license 
gives non-exclusive rights under the recently 
issued U.S. patent #4,399,216 on methods for — 
introducing virtually any gene into cultures of 
animal and other eucaryotic cells. These cells can 
be used for the production of proteins, such as 
growth factors and viral proteins for vaccines, 
that cannot be produced efficiently, or at all, in 
bacterial cell cultures. Licenses also grant rights 
under three pending U.S. patent applications 
and all foreign applications. 














Special terms for agreements 
signed before June 1, 1984. 







Contact: 
COLUMBIA UNIVERSITY. 
Office of Science and Technology Development 
630 West 168th Street, New York, NY 10032 
(212) 694-4026 















Women 
Scientists 


The Road to Liberation 


Edited by Derek Richter 
institute of Neurology, University of Landon 


April 1982 £10.00 313pp ISBN 0 333 32468 4 





Anyone should find these glimpses of lives 
in other cultures intriguing.” 

“Enlightening for any aspiring scientist 
who. thinks a scientific career is a logical 
progression from research post to lectureship 


4 bad 4 k 4 
to chair. Georgina Ferry, New Scientist 


This book draws together the personal and intellectual 
biographies of eleven women biomedical scientists. 
The individual stories are informative, fascinating; and 
sometimes moving, and cover cultures as diverse as 
those of India, Iran, USA and the USSR. 





Please send orders or requests for 
further information to Felicity Parker, 
Product Manager, Scientific and Medical Division, 
_ Macmillan Press Ltd., Houndmills, 
___ Basingstoke, Hampshire RG21 2XS, UK. 
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Editors 
JORGE HELLER, Director, Polymer 


Sciences Department, SRI International, 
Menlo Park, CA 94025, U.S.A. . 


JAN FEIJEN, Department of Chemical 
Technology, Twente University of 
Technology, P.O. Box 217, 7500 AE 
Enschede, The Netherlands 


A new international journal dealing with the 
science and technology of the controlled | 
release of active agents. The term ‘controlled 
release’ is used in its broadest sense to 

include control over rate of release using 

- either singly or in combination - diffusion, 
chemical reactions, dissolution, osmosis or ie 
mechanical devices, as well as control over. pee 
the site of action of the active agent using 
pro-drugs or carriers such as water-soluble 
polymers, microcapsules or liposomes. 


1984: Volume 1 (4 issues) 


| Subscription price: US$ 85.00/Dfl. 221.00 : | a 


including postage 







A free specimen copy is available from 


52 Vanderbilt Be oa 
New York, NY 10017 | 
USA | 





1000 AE Amsterdam 
The Netherlands 
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- Essentials of Clinical Immunology 
Helen M. Chapel! MD, ma, MBBCHir, MRCPath and 
M.R. Haeney MSc, MBBCh, FRCP, MRCPath 

“Written from a clinical viewpoint, this book aims to 


present the role of immunology in general medicine to | 


“both clinical students and practising clinicians; 

-> diseases are discussed by organ involvement and 
illustrated case histories demonstrate the usefulness of 
immunological investigations. 

Spring 1984. 448 pages, 138 illustrations. 

Paper, £8.50 = 0632021366 


-The Chain of Immunology 

G. Feinberg msc, DVM. FiBiot and M. Jackson BSc 
This book is a unique, diagrammatic presentation of 
the fundamentals of immunology. It depicts, ina 
series of sequential charts, the chain of events leading 
to immune response and immune reaction, 
simultaneously recording and describing the celis, 
molecules and mechanisms involved. 


1983. 48 pages, 21 illustrations and pull-out chart. 
Paper, £4.95 0 632 00887 4 


Molecular Biology and Human Disease 
Edited by A. MacLeod php and K. Sikora MA, MRCP, 
FRCR, PhD. 

This book provides an authoritative account of the 
tools of molecular biology and their application to 
many areas of clinical medicine. It represents the work 
of leading experts in this rapidly growing field, and will 
be of interest to both medical students and practising 
physicians. 

Summer, 1984. 220 pages, 70 illustrations. 


Paper, about £8.50 063201167 X 


Immunology of Parasitic Infections 
Edited by S. Cohen CBE, MD, PhD, FRCPath, FRS and 
K.S. Warren MD, DTM&H 

"In summary, Cohen and Warren's Immunology of 
Parasitic Infections is a unique and important 
statement of progress in the expanding field of 
immunoparasitology. Like the first edition, itis an 
invaluable reference for established immuno- 
parasitologists, as well as a primer for basic 
Immunologists and parasitologists entering this hybrid 
-field American Society for Microbiology News 


© £52.00 0632008520 
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Second Edition, 1982. 864 pages, 80 illustrations. _ 
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H. Smedley MB, BS, FRCR 

This introduction to monoclonal techniques describes 
how clinically useful monoclonal antibodies can be 
produced and how they can be used in the diagnosis 
and therapy of malignant disease. 

1984. 144 pages, 43 illustrations. Paper, £8.50 
063201166 1 


Viral Pathogenesis and Immunology 
C.A. Mims mp, FRCPath and D.O. White MD, PhD, MSc, 
FRCPA 

This book surveys the pathagenesis and immunology 
of viral diseases, with the emphasis on those of 
medical or veterinary importance. Immunological 
features of pathogenesis, recovery from infection, 
persistent infections and viral vaccines are vital parts 
of the book, and its broad yet central coverage of 
these topics will appeal to a wide range of medical 
scientists and senior medical students. 

Spring 1984. 384 pages, 32 illustrations. 

Paper, about £10.80 0632 01193 9 


From Cells to Atoms: an Illustrated 
Introduction to Molecular Biology 

A.R. Rees ma, DPhil and M.J.E. Sternberg MA, MSc, 
DPhil 

The essential elements of the molecular aspects of 
cell biology and biochemistry are provided in this text. 
The selection of topics ranges from the description of 
whole cells and their organelles to the shapes of 
biological molecules, and several advanced and topical 
subjects are included, 

Spring 1984. 96 pages, 35 illustrations. 
Paper, about £5.00 0 632 00888 | 








Processes in Pathology and 
Microbiology 

M.J. Taussig MA, PhD | 

‘An excellent text for the student of medicine ... 
packed with information that is both basic and 
advanced in the field of the pathological processes 
responsible for disease. Eminently readable, clear and 
explicit.’ Journal of the American Medical Association 
(on the first edition, Processes in Pathology). The — 
second edition has been thoroughly revised and | 
expanded, and contains two new sections of virology 
and bacteriology. | a 
Second Edition, Spring 1984. 928 pages, 
illustrations. £16.50 0632012064  —., 
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. r formulaein general, mass exponents 
- “describing biological phenomena. 
~ Ecologists of a less physiological bent 


will probably find Chapters 7-12 the more 
sw Interesting. For example, Chapter 7, 





“Ingestion”, yields fascinating insights on 
Prey mass as a function of predator mass, 
expected daily prey capture rates for 
predators of different size and so on, the 
predictions being obtained by combining 
“lower level” empirical relationships to 
yield some very sensible answers. Likewise, 
in Chapters 8 and 9 individual body-size 
relationships are used to predict patterns of 
population and community energy flow 
and nutrient cycling. For myself, however, 
Chapter 10 is the most intriguing. Here 
Peters abandons relationships derived 
from individual animals and looks at popu- 
lation phenomena, specifically at popu- 
lation density asa function of body size and 
at number of species as a function of body 
size. To a good approximation, average 


%, VY and ~14%. ‘are so effective in- 









the number of species declines at 
somewhere between a -3 and -2 power of 


bodily length. Here are bold empirical 


patterns, crying out for verification, ampli- 
fication and explanation. 

Clearly this is an important book. It is 
different — no other ecology text deals so 
comprehensively with all these problems — 
and by ignoring cherished disciplines, by 
blending physiology and ecology, and by 
looking at problems with a fresh eye, Peters 
yields new insights and opens up new 
questions. It is also provocative, because it 
seeks patterns in nature where others have 
seen a mass of unrelated detail. More than 
anything else, it cuts many problems down 
to size. As Peters himself admits, size is not 
everything; but it certainly helps! G 





John Lawton is a Reader in the Department of 
Biology at the University of York. 


Seam 


G.H. Beaven 








Chambers Biographical Encyclopaedia 
of Scientists. * 
Edited by John Daintith et al. 
Chambers/Facts on File: 1983. Pp.599. 
£35, $80. 
The Biographical Dictionary of Scientists. 
Vol.1 Biologists; Vol.2 Chemists. 
General editor David Abbott. 
Blond Educational: 1983. Vol. 1, pp. 182, 
£10.95; Vol. 2, pp.203, £10.95. 
a ea ste ceria Sens he Tog. 
REVIEWING the Biographical Companion 
to Modern Thought in the Times Literary 
Supplement recently, the writer noted that 
“lives are somewhat more amenable to 
_palictionary treatment than ideas”. The 
` comment is equally valid for brief scientific 
biographies, and the two works under 






review (subsequently referred to as 


Chambers and Blond) differ somewhat in 
their attempts to resolve the problem. In 
Chambers, the brevity of most of the 
2,000-odd entries only allows the scientific 
achievements of a subject to be outlined in 
a sentence or two, though often with 
admirable clarity and conciseness. In 
Blond, with 200 or so names in each 
volume, more effort is made to explain the 
significance of the subject’s discoveries in 
the context of the relevant discipline: for 
isome reason this approach seems to be 
ost successful in dealing with organic 
chemistry, where structural formulae (of a 
curiously old-fashioned and space-wasting 
style) are often included. 

In both works, diagrams are sparsely 
used; they are frequently helpful, but 
sometimes trivial (for instance the Bunsen 
*In the United States, A Biographical Encycto- 
pedia of Scientists. 


burner). A more liberal use of illustration 
would have greatly helped the elucidation 
of scientific ideas attempted in Blond. 

The two works differ in their appeal to 
the reader. Chambers encourages 
browsing, because some 6-10 names occur 
on each two-page spread. Opening at 
random (or even in search of a specific 
entry) invariably recalls a name, once 
familiar and now forgotten, last encoun- 
tered as a biographical footnote in a long- 
discarded textbook. The Style of the entries 
is somewhat varied, within the tight limits 
of brief biography, with some striking 
comments on parentage, which emphasizes 
the wide social backgrounds from which 
scientists emerged before careers in science 
became professionalized, 

The personalities of the subjects also 
come through more consistently in 
Chambers, in which some of the entries 
(for instance on Alan Turing and Rosalind 
Franklin) are quite frank. Others are 
diverting: on Rumford, who married 
Lavoisier’s widow and later suggested that 
Lavoisier was lucky to have been guillo- 
tined, or on Sir George Cayley, whose 
coachman was ordered, reluctantly but 
successfully, to flight-test the first man- 
carrying glider in 1853. Contemporary 


reactions to Herbert Spencer’s views on | 





Star trails above the 17-ft radio 
antenna at Dover Heights in 
Sydney, 1952. The picture is taken 
from The Early Years of Radio 
Astronomy: Reflections Fifty 
Years after Jansky’s Discovery, to | 
be published by Cambridge 
University Press next week (price 
£25, $39.50). The book is edited by 
W.T. Sullivan Ill; among the 20 
other contributors are G. Reber, . 
B.Y. Mills, A.C.B. Lovell, V.L. 
Ginzburg and O. Gingerich. oe 
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_ population densities scale as the reciprocal 
) Of individual body mass over nearly B 
orders of magnitude of body size, whilst 


Social Darwinism are recalled in Darwin’s 


personal touches but does include a good 












remark that Spencer’s habit was to think | 
very much and observe very little, ar 
T.H. Huxley’s devastating com 
Spencer’s idea of a tragedy wasa ded 
killed by a fact. Blond is not so lavis 





skills, causing his courses to be known as _ 
“Sadistical Mechanics” and ‘Advanced — 
Norwegian”, — ©0ots ase 

There are some differences in the scope - 
of the two works. Blond appears to give - 
more space to recent or contemporary — 
scientists, while historical figures from the _ 
Greek. philosophers onwards. are more _ 
frequent in Chambers. Completeness in 
works of this kind is hard to test. Of five 
famous names in the field of tropical dis- 
eases, Chambers includes four and Blond — 
only one (Ross), though with a diagram of 
the life-cycle of the malarial parasite, Of- 
five personalities in the field of stereo- 
chemistry in Blond, only Kenyonis missing - 
from Chambers. And of 20 living figures 
working in molecular spectroscopy, many — 
are found in Chambers, but few in the 
Blond Chemistry volume. C.R. Harington. 
appears only in the entry for G. Barger in 
Chambers, and not at all in Blond; Pitt- 
Rivers is missing from both. 

The overall coverage by Blond will 
however include four more volumes deal- 
ing with mathematicians, astronomers, 
physicists (no doubt including the missing 
spectroscopists), and engineers and in- 
ventors. When complete (in November of 
this year) Blond should provide some 1,200 
entries at a probable cost of £66, to be 
compared with some 2,000 entries in 
Chambers for £35. But the two works are 
not directly comparable. 

On balance both may be expected to be 
useful, though to different classes of 
readers. One can envisage Chambers being 
used by a textbook writer to put flesh on the 
arid bones of his subject. Blond should 
appeal more to younger readers wishing to 
follow the development of scientific con- 
cepts through the contributions of many 
scientists, For cross-referencing of this 
kind Blond includes an excellent index of 
related names and subjects. (J 
Sane 
G.H. Beaven is a Senior Research Fellow in the = 
Department of Biophysics, King’s College, ~ 
University of London, — E ` 


comment on Onsager’s lack of lecturing — 
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Fred S. Rosen 


“Immunology in Medicine, 2nd Edn. 

Edited by E. J. Holborow and 

oe W. G. Reeves. 

=- Grune & Stratton: 1983. Pp.655. £55, 
$88. 


UNTIL recently, immunologists have in 


some way resembled a gaggle of mediaeval 
scholars bent on using established dogma 
to prove the existence of the deity. This 
_.. . scholasticism, which has been irksome to 
other scientists, has been relieved by the 
excitement generated by the applications of 
oe hybridoma technology and the great strides 
_ in understanding the complex genetics of 
the immunoglobulin genes, the major 
_. histocompatibility loci and the comple- 
ment proteins. 

"The second edition of Immunology in 


Medicine contains very little information 
< to guide readers through the labyrinth of 


these recent discoveries, even as they apply 
to clinical medicine. Yet this text is a very 


useful and compact primer for students 
and physicians who are seeking infor- 


-mation about the immunological aspects of 


disease. Organ system by organ system, the 
“contributors methodically cover practical 


information on immunological patho- 
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genesis, diagnosis and therapy of the whole 


range of immunologically related diseases. 
The book contains beautiful, instructive 
electron micrographs of mast cell degranu- 
lation and renal deposits of immune 
complexes and immunofluorescence of 
skin in immunological diseases. The text is 
well organized with informative tables and 
illustrations. 

The many contributors are all well- 
known specialists and practical men who 
have achieved a uniform succinctness in 
their presentations — or who have been 
well disciplined by the editors. The reader 
will have to resort to the recently published 
Clinical Aspects of Immunology by P.J. 
Lachmann and D.K. Peters or Clinical 
Immunology by C. Parker if they seek 
more detailed information, for this volume 
is not pallid or emasculate with tortured 
scholarship but rather like Wordsworth’s 


impulse from a vernal wood. G 


Fred S. Rosen is James L. Gamble Professor of 
Pediatrics at Harvard Medical School. 





Setting time aright 
A. Rupert Hall 


Gregorian Reform of the Calendar. 

Edited by G.Y. Coyne, M.A. Hoskin and 
O, Pedersen. 

Specola Vaticana, [-00120 Citta del 
Vaticano, Europe: 1983. Pp.321. $20. 


On 24 February 1582 Pope Gregory XIII 
(1502-1585) signed the Apostolic Letter, or 
Bull, Jnter gravissimas, imposing a new 
calendar. That calendar, the Gregorian, 
came into force in October in countries 
under the Papal jurisdiction, and was 
adopted in Britain in 1752, in Japan in 
1873, in Bolshevik Russia in 1918, in China 
in 1929. The event of four centuries before 
was celebrated in August 1982 by a meeting 
of historians of astronomy at the Vatican 
Observatory, from which this book stems. 

It is well known that calendrical 
problems arise from the incommensurable 


periods of revolution of the Sun and | 


Moon, that the timing of the recurrence of 
Easter is a combination of religious defi- 
nition with astronomical computation, and 
that the Gregorian reform was made 
possible by possession of a more accurate 
measure of the length of the tropical year 
than had been available to Julius Caesar. 
But who could recite the invaluable calen- 
drical studies of the Venerable Bede and 
Robert Grosseteste, here studied by O. 
Pedersen and J.D. North? Who is aware 
that the Gregorian leap-year rule can 
equally well be derived from the Alfonsine 
Tables and the De Revolutionibus of 
Copernicus? That the true author of the 
calendar was Luigi Giglio, who died in 


- 1576(G. Moyer) or that Christoph Clavius, | 


the leading Jesuit astronomer who was 
mathematical head of the calendrical 


NATURE VOL. 308 29 MARCH 1984 





commission, described Copernicus as ‘‘the 
illustrious restorer of astronomy in this our 
own century, whom all posterity will cele- 
brate and admire as another Ptolemy” (U. 
Baldini)? oe 

For all who are interested in calendrical \ 
computations and their evolution this is arr 
essential and also fascinating volume, from 
the able early-background article by 
Pedersen to the note on the Universal 
Calendar by F. Russo, which records the 
Vatican’s contemporary opposition to any 
post-Gregorian reform which would 
require the intercalation of extraordinary 
days outside the weekly succession of 
Sundays. 

The problems of the calendar often illus- 
trate the truth that the best may be the 
enemy of the good, as when John Dee (in 
1582) advised that the Gregorian discon- 
tinuity should be put at eleven days, rather 
than ten. The reasons for the delay in 
achieving a reform when the faults and 
their remedies were so long understood in 
principle were the constant pressure for 
more important measures of reformation 
in the late-mediaeval Church, and the, , 
tendency of experts to haggle over pointless - 
details. Religious sentiments about the 
earliest possible date for Easter and the 
need to avoid synchronism with the Jewish 
Passover were less seriously obstructive. 
The Gregorian calendrical commission did 
of course have to decide arbitrary matters 
such as the date to be assigned to the vernal 
equinox, and the placing of ‘‘the new and 
full moons too late rather than too early 
because it would be a less error to celebrate 
Easter in the second month after the 
equinox than in the last month before the 
equinox”? (A. Ziggelaar). The role of 
Copernicus is still somewhat enigmatic; he 
was certainly never called to Rome to give 
his opinion, as Galileo had it; he probably 
gave confidence to the reformers in the 
accuracy of their sums, rather than in: 
providing new numbers. ale 

Opposition to the Gregorian reform was 
based on such non-scientific arguments as 
the Pope’s lack of authority to regulate the 
calendar for Protestants, the date of the 
equinox, and (from Michael Maestlin, 
Kepler’s teacher) the impropriety of 
seeking a precise calendar when the Second 
Coming was hourly expected (H.M. 
Nobis). Tycho Brahe, Kepler and the 
majority of reasonable astronomers 
accepted the Gregorian reform as the best 
that was practicable (M.A. Hoskin). 

Inevitably in a composite work of this 
kind devoted to a single historical event, 
there are numerous repetitions of material; 
not all of the papers are of equally wid 
interest, nor are all based on deep research. 
Half-a-dozen of them, however, are 
splendid pieces of work with their technical 
content plainly presented, and these will 
surely havea long life. ET. 









A. Rupert Hall is historical adviser to thë- 
Wellcome Trust and Emeritus Professor of the 
History of Science and Sa a in the Uni- 
versity of London. ' 
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MICRO 84 9 - 13 JULY 1984 


at the 


Bloomsbury Crest Hotel 


Coram Street, London WC! 
(Close to Russell Square Underground (Piccadilly Line)} 


NATIONAL SYMPOSIA AND EXHIBITION 
(in Association with NATURE) 


Symposia Subjects will include 


Immunocytochemistry; Microscopy of Interfacial. Structures Ti Specimen Preparation (Biological); LM and EM-~—~Complementary Techniques; X-Ray 
Microscopy; Applications of Light Microscopy; TEM (STEM) State of the Ari’; Environmental, Forensic and Archaeological Microscopy”; Modern 
Aspects of Microscopy (SEM/LM)*: Microscopical Measurement (LM); Image Recording and Computer-aided Collection of Data; Proteases and 
Peptidases; SEM Optimisation * - Histochemistry of the Eye; Acoustic Microscopy: In Situ Hybridisation; Biological X-Ray Microanalysis; Cryo 


Techniques * , 


(* 


These symposia have a strong SEM emphasis) 


Exhibition of the Latest Microscopes, etc by 


Agar Aids Ltd, Analytical Measuring Systems Ltd, Balzers High Vacuum Ltd, Bausch & Lomb Ltd, BDH Chemicals Ltd, Blackwell's Bookshop, BOC Ltd, 
Cambridge Instruments Ltd, Cambridge Scanning Co Ltd, Cambridge Technology, Carl Zeiss (Oberkochen) Lid, Carl Zeiss Scientific Instruments Lid, 
Du Pont (UK) Ltd, Edax UK Ltd, Edwards High Vacuum, EG&G Instruments Ltd, Emscope Laboratories Lid, Gallenkamp (Olympus), Graticules Lid, 
Hakuto International (UK) Ltd, Hexland Ltd, Hitachi Scientific Instruments, Ion Tech Lid, ISI Sales & Marketing Ltd, Janssen Life Sciences Products, 
Jeol (UK) Ltd, Kevex Corporation (UK), Labimex Foreign Trade Co Led, Laboratory Equipment Digest, R A Lamb, E Leitz {Instruments} Ltd, 


Link Systems Ltd, LKB Instruments Ltd, Metallurgical Services Lid (Olympus), Micro-Analysis Consultants Ltd, Micro Consultants Ltd, 
Micro Instruments Ltd, Miller Systems Ltd, Nature, Nikon (UK). Ltd, 
Prior Scientific Instruments Ltd, Philips, Pyser Ltd, Reichert-Jung Lid, Science 
Toltec Computer Ltd, Tracor Europa, VG Microscopes Lid, World Media Trade Press. 


Oxford Instruments Ltd, Polaroid (UK) Ltd, Polysciences Ltd, 
sé Photo Library Ltd, SPI Supplies, Taab Laboratories Equipment Ltd, 








Admission to the Exhibition is FREE but by Ticket 
Tickets and further information are available from: 
Royal Microscopical Society, 37/38 St Clements, OXFORD OX4 IAJ 
Telephone: Oxford (0865) 248768/721081 
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Actually, the Pharmacia 
P-L Biochemicals 
Product Reference 
Guide lists over 2000 
products for biochem- 
istry and molecular 
biology. The products 
range from restriction 
nucleases to coenzymes, 
from lipids to poly- 
nucleotides — but our 
most important product 
is the quality that goes 
into each biochemical 
that we make. 


At Pharmacia P-L 
Biochemicals, we take 
our commitment to 
“excellence in 
biochemistry” seriously. 
We make our biochem- 
icals with quality - we 
know no other way. 





pen, 





The 1984 Product 
Reference Guide 
from Pharmacia 
P-L Biochemicals 


For your copy, contact your loca! 
Pharmacia Fine Chemicals/Pharmacia 
P-L, Biochemicals representative or 


write to one of the addresses below. 













The following pages feature new products from manufacturers exhibiting at the meeting Of ti 


of American Societies for Experimental Biology (FASEB), held this year in St Louis, 


® The restriction enzymes Apyl 
(C™C4.GG) and Dpni (GATC) are now 
available from Boehringer Mannheim. 
Both require methylated DNA as a sub- 
‘Strate. Apyl can be used in conjunction 
with BstNI and EcoRI, and Dpni with 
Sau3AI and Mbol for studying methy- 
lation patterns in DNA. 

Circle No. 106 on Reader Service Card. 

® Amino acid analysis by HPLC is 
possible with a new Spherogel ion- 
exchange column, post-column reactor 
and fluorescence detector from Beckman 
Instruments Inc. The Model 230 post 
pte reactor is optimized for ophthal- 
-“~aldehyde (OPA) derivatization of primary 
“amines and can also accept other post- 
column chemistries. Low Picomole 
detection of fluorescent compounds is 
made possible with the Model 157 fluores- 
cence detector. These new components can 
be incorporated into any manufacturer’s 
HPLC system and may be ordered 
separately or purchased together. 
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@ The Hoefer Mighty Small vertical 
electrophoresis unit is designed to give fast 
results in a small format. This hand-sized 
unit is 10cm high and 11 cm wide, and casts 
a gel 8.3 x 7.3 mm in 0.5, 0.75, and 1.5 mm 
thicknesses. The unit draws heat away 
from the gel and distributes it throughout 
the buffer by sealing the gel sandwich 
against the vertical upper buffer chamber 
© that the inside plate of the sandwich 
unctions also as a wall of the buffer 
chamber. The plate which separates buffer 
and gel is made of aluminium oxide, a sub- 
stance 30 times more heat conducting than 
an equivalent glass plate, ensuring that gels 
do not overheat. | 
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@ The Monoclonal Table (right) is a full- 





colour poster of selected Becton Dickinson | 


monoclonal antibodies for clinical research 
in cellular immunology. It provides a con- 
venieint reference illustrating the primary 
reactivity of commonly used antibodies to 
antigens on human T cells, T cell subsets, 
| LGL/NK cells, B cells, and monocytes in 
normal peripheral blood. A free copy of 





Dickinson Monoclonal Center. 
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These notes are based on information. 
provided by the manufacturers. For further 
details circle the appropriate numbers on the 
Reader Service Card bound inside the 
journal. 








the table is available from the Becton | 





@ A new membrane system developed 
by Bio-Molecular Dynamics eliminates the 
adverse effects (adsorption, denaturation, 
concentration polarization, shearing, the 
need for constant attention, and dryness) 
associated with horizontal membrane 
systems. The vertical membrane config- 
uration of the Micro-ProDiCon and 
Micro-ConFilt will yield an average 90% 
recovery (biological, molecular, enzy- 
matic) in concentrations up to 250 mg per 
ml. An added feature is the choice of 
MWCO membranes and predetermined 
final volumes. 
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® Two new electrolyte controls have been 
introduced for the Orion ion selective 
electrode-based Na/K analyser, Model 
1020. Electrol-N (normal) and Electrol-P 
(abnormal) are serum protein-based liquid 
controls that are used without reconsti- 
tution or other preparation. Together 
Electrol-N and Electrol-P provide controls 
over the whole range of physiological 
electrolyte values. Unopened, refrigerated 
vials are stable for two years. Open, 
refrigerated vials may be used for seven 
days. 
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@ A new method for the assay of la, 
25-dihydroxy vitamin D has been 
developed by Amersham International for 
endocrinology research. The system 
dispenses with the HPLC step in sample 
purification, making use of an extremely 
specific, high affinity binding reagent. Non- 
specific lipid interference is eliminated. 
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The Monoclonal Table 


Munocctonal Armibudies to Leue 





© GPC+ is a firmware-based program 
for calculating analytical ‘results in gel 
permeation chromatography (size 
exclusion chromatography). The GPC + 
program, available from Spectra-Physics 
resides on an 8K PROM chip which 
plugs into the Spectra-Physics SP 4200 
computing integrator. The program 
provides a custom dialog for modifying the | 
integrator for molecular weight distri- 
bution calculations and permits the calcu- 

lation (and plotting) of calibration curves.. 
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® Diamond Electro-Tech’s polarographic 
equipment is described in a brochure cover- 
ing the Chemical MicroSensor, the oxygen 
uptake chamber, the calibration cell and a 
selection of mini and microelectrodes. 
These systems are suitable for polaro- 
graphic measurement of O- and H, in cells, 
tissues or gases. 
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@ New from Boehringer Mannheim, the 
Boehringer gene expression kit allows 
immunological detection of specific gene 
expression in microorganisms, using 
HRPO-coupled antibodies and. visuali- 
zation by a colour reaction. The kit offers 
a rapid and sensitive non-radioactive 
method for the screening of a maximum of 
20 plates per day, with a minimum 
detection limit of 10-100 pg of protein 
antigen. The individual components of the 
kit provide sufficient material for some $0 
tests and constitute peroxidase, bovine 
y-globulin, HRPO substrate, all necessary 
buffers and 55 filter disks and nylon nets. 
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@ The FMC-Marine Colloids Division 
1984 catalogue includes gel media systems 
and supplies for electrophoresis, isoelectric 
focusing cell culture and cloning. The cata- 
logue also includes details of a new silver 
stain procedure for agarose gels. The cata- 
logue lists product and technical 
procedures and applications literature. 
Circle No. 116 on Reader Service Card. 

® A range of functionalized controlled- 
pore glass support materials for oligo- 
nucleotide synthesis is available from 
Cruachem. The materials have proved suc- 
cessful in rapid oligonucleotide synthesis 
by the phosphotriester method. The 
controlled-pore glass supports offer high 
flow rates and good dimensional stability 
in continuous-flow systems. Several op- 
tions of nucleoside loading and linker type 
are offered, and residual silanol func- 
tionality has been blocked by silylation 
before derivatization, 
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© ‘‘Magic’’, standing for ‘‘magnetic 
immunochemistry’’, is the trade mark 
for a new range of radioimmunoassy test 
systems. Manufactured by Corning, the 
tests are intended to offer the precision of 
centrifugation with the convenience of 
non-centrifugation. The key to the new 
Corning system is in the solid phase, where 
the antibodies are covalently bound to 
microscopic iron paticles with high flo- 
tation characteristics. Unlike previous 
magnetic immunoassays, no mixing or 
shaking is required, and fast reaction 
kinetics shorten incubation times. 
Separation is by ‘‘side-pull’’ — two 
magnets located in the separation unit pull 
-and tightly pack the particles onto the sides 
of the tube. Once separation is complete, 
which requires less time than it takes to 
load a centrifuge, the magnetic force 
continues to hold the particles in place 
during decanting. Magic RIA kits are now 
available for TSH, FT4, T4, T3 and T3U, 
with kits for FT3, B12/folate and digoxin 
available shortly. . | 
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PRODUCT REVIEW 


Corning's new “Magic” system for radioimmunoassay 





© Recent editions of United Technologies 
Packard application reports are available 
to gas chromatographers on request. In- 
cluded are: a report showing the advantage 
of packed/packed columns, multi- 
dimensional chromatography and a 
specific detector for qualitative analysis of 
minor components in tobacco smoke con- 
densate (item 07.95.230); a description of 
the analysis of organophosphorus insec- 
ticides using the on-column injector and 
flame ionization detector (item 07.95.231); 
an analysis or organosulphur compounds 
showing the flame ionization detector 
selectivity at the p.p.m.-level in hydro- 
carbon mixtures (item 07.95.232); and a 
demonstration of two of Packard’s dedi- 
cated systems for the analysis of natural gas 
samples (item 07.95.233). 
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@ The Skatron, Inc. catalogue of 


immunoassay equipment includes 
Microplate EIA washers, a cell harvester 
for thymidine incorporation studies (MLC 
or receptor binding) and a supernatant 
collection system for chromium release 
cytotoxity. Also covered are dispensers and 
other laboratory equipment. 
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® National Diagnostics’ new histological 
catalogue describes a full line of chemical 
and solutions for the preparation of tissue 
slides for microscopic examination. Pro- 
ducts mentioned include Histo-Clear, a 
clearing solvent which eliminates the 
hazards of xylene; and Mirsky’s fixative 
concentrate, a fixing agent that contains no 
formaldehyde. 
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@ Intended for permanent implantation 
in rats, Columbus Instruments cardiac 
output computers is Teflon coated and can 
be implanted for the same length of time as 
similar Teflon devices or catheters which 


are placed in arterial vessels. Microprobes- 


are available in two diameters: 4mm and 
wmm. Probe length is 76mm, and longer 
probes can be made on request. 
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è The Du Pont Prep I Automated sample 
processor is intended to replace many 
liquid-liquid extractions and manual 
column separations. The system combines 
centrifugation and column chroma. 
tography. Most extractions and manual - 
column separations. The system combines 
centrifugation and column chromato- 
graphy. Most extractions take 30 minutes 
or less, and present the user with concen- 
trated or dried sample extracts. The unit 
includes a control and program selection 
panel, a parameter display, solvent 
storage, a centrifuige with unique 
bidirectional rotor, and disposable sample 
cartridges. Prep I is compatible with Du 
Pont 8800 liquid chromatography 
instruments, 
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@ The new digital video time-lapse 
recorder from Micro Consultants is 
capable of capturing pictures of very slow 
movement or growth, and playing them 
back as a continuous sequence at near real- 
time rates. This unit is an option to Micro 
Consultants Intellect 100 PDS image pro- | 
cessing system, and can be interfaced to: { 
either one or two 84 Mbyte Winchester 
disks. The recorder can operate at variable 
speeds with single frames being captured 
at pre-programmed rates or selected 
manually. Capture rates vary from near 
real time to one picture every 5 min. Areas 
of application for the time-phase recorder 
include the study of cell growth, Single 
frames of video can be selected and the 
images analysed on the Intellect 100. 
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@ A new X-ray imaging system, the 
Nicolet Mikrox 3, is designed to look at 
small samples in fine detail. The system 
offers an X-ray source small enough that 
magnification by projection is practical 
with ability to image detail as small as 
10.an. The system offers both photo- 
graphic and real-time imaging. Images are ~ 
displayed on a 13-inch monitor, magnifie¢“* 
up to 100 times. Using the standard colour 
synthesizer, a colour image can be 
presented where differences in colour are 
related to small differences in X-ray density 
of the sample. This is especially useful 
where contrast is inherently low. 








Circle No. 125 on Reader Service Card. 






Sg nt AA AAE AS SEA MC ESCH 





The Micro Consultants digital video time-lapse 
recorder in use with the Intellect 100 image processor 









Cruachan Chemical Co. Ltd. Cruachem Inc. 
TI Napier Square, P.O. Box 6787, 
Livingston, EH54 50G, Bend, Oregon 97708. 


Scotland. {503} 382-5860 
Tel. (0506) 32146 
Telex 72165 CRUACHEM 
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Whether you're already involvedin DNA’ 0a eS 
synthesis, or still trying to decide how best to get started =~ 
in the field, there's one supplier you can't afford to ignore. 
Cruachem supplies the widest range of materials. -cizi 
for DNA synthesis availa le anywhere, forusein automated os 
or manual systems using all the current methodologies. 0-7 
Our range of SPS GRADE materials for Solid- 
Phase Synthesis now includes six different types of : 
functionalised solid-support, dried and pre-weighed. o cas 
ONE-SHOT PACKS of protected mononucleotides, and. : 
high-purity solvents in septum-capped bottles forease of o 
handling. ; ae 
Foralow-coststart-up,our Manual DNA 








mated synthesisers at a fraction of the cost (£795 in UK). 
And, whether you're an old-hand ora beginner, = 


you up to date with what's going on in DNA synthesis. Send : 
for your free copy today, SORE OT ESE SU a 
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PRESENTING THE 
U-MICROCOMPUTERS 
SCIENCE CARD 


Providing complete laboratory 
interfacing capabilities for IBM PC 
or PCXT computers 


@ 8 differential channels as standard 
with16é-channel single-ended input 
option — software selection of chonnel 

è 12 bit resolution 


è Software controlled gain switching of 
4x 10, x 100 and x 1000 

@ 48 line parallel! 0O interfacing =- — 
24 lines for high current output (32 and 
16 when A/D in use) to drive small 
relays and LEDs 

è Timer functions for real-time 
experiments 

@ Interrupts supported 

è Full documentation 


For full specification plus details of 
our full range of personal computer 
expansion products — contact... 
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$399 exci. vat 









External analog unit and 
power supply is fitted 
into small metal case 
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AX IS Personal Computer Products 


Eden House @ 32 Well Road 
Maidstone © Kent ME14 1XL 


Telephone (0622) 58688 
Telex 965633G (attn. AXIS} 
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_ Newresearch results, the very latest international science 
į news, key papers by the world’s leading scientists and 
_ speed of publication ensure Nature remains one of | 








the foremost weekly scientific journals in the world. $ @ £ 





But if you’re tied in toa circulation list 









Become a personal subscriber now 
Sey, and you will receive a discount of 
- 50% off the full rate. 


All 51 weekly issues will 








--at work, all this vital weekly information will | 
-undoubtedly reach you late, often incomplete 
and sometimes not at all. 

With your own personal copy, you solve | 
the problem. Every week you'll have all the 
latest research results and science news in your 
hands within days of publication: 

News reports from throughout the world of 
science and technology. | 
A News and Views section, where new ideas are 
analysed and discussed by leading researchers. 
Articles and Letters in which key investigators 
disclose their work for the first time. 

Book Reviews— Eminent figures offer expert judgments 
< ona wide variety of recent publications. 

- Special Issues providing an in-depth treatment of topics 
-of importance. 

| Product Reviews — Detailed descriptions of laboratory 

< equipment newly available. 

| Classified Advertisements for a wide variety of positions 
| allover the world. 

You will no longer be dependent upon other people 
| passing down the ‘list’ copy, and because you will 

| automatically receive every issue, you won’t risk missing 
| asingle copy through absence from work. Moreover, you 
| -keep all this key information for permanent reference. 
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be delivered to the address of 
your choice. You can start your 
/ annual subscription with any issue 
= you choose. And you will receive 
six bi-monthly author indexes, 
together with the annual index of 
subject and author. 

All this for just 94p a week. 
Place your order now and make certain 
that you receive the scientific news and 
research results crucial to your work 
when you want them. 





I accept: Please send me a personal subscription to Nature for l 


i one year(5] issues) at the special half-price rate of £49.00. 
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@ Rapid, highly specific sample quantitation 
by densitometry is possible with Schleicher 
& Schuell’s Minifold H slot-blot system. 
This 72-place vacuum manifold is par- 


A ticularly useful for quantitatively screening 


large numbers of nucleic acid or protein 
samples. Samples are immobilized in a slot 
configuration of three rows of 24 slots, 
each with a filtration area of 6.0mm?. 
Resulting autoradiograms or strained 
nitrocellulose can be easily scanned by 
Standard densitometers. Quantitative 
results can be visualized rapidly due to sam- 
ple concentration in a small surface area. 
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®A new addition to the Bel-Art Products 
range is a pair of heavy duty laboratory 
Shears (model H37951). These stainless 
steel shears have large polypropylene 
handles which provide good leverage. The 
lower blade has a serrated edge to avoid 
slippage, and the foot on the front of the 


blade raises the shears above the work sur- 


ace during travel. The shears cut a variety 
f materials including rubber and plastic 
tubing as well as light weight sheet metal. A 
notched handle is ideal for cutting wires, 
The shears are approximately 8 inches long 
with a 14 inch cut and steam autoclavable 
at 250° F (121°C). 
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®A new CO,/O, incubator from 
Tekmar/Heraeus makes use of a con- 
tinuous flow sealed gas system which 
means that the consumption of both gases 
is minimized. The incubator senses the car- 
bon dioxide with a thermal conductivity 
detector which adds gas oniy when it is 


needed, and oxygen is monitored with a 


ark electrode. 
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@ Harvard Apparatus’s new dual range 
isometric transducer is complete with 
integral power supply and switch selectable 
50 and 500 gram ranges. The transducer 
delivers up to 2.0 V direct current for use 
with any existing recorder. Beam 
deflection is only 0. ipm per gram. 
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Wheaton’s new automatic pipette, stainless steel shears from Bel-Art and the Harvard dual-range isometric transducer 





@ Ortho Diagnostic Systems produces a 
catalogue of the extensive range of Ortho- 
Mune monoclonal antibodies for identify- 
ing cells of the immune system. Included in 
the listing are several new products: OKB 2 
and OKB7 for investigating B cell differen- 
tiation; OKM 5 for isolating and identify- 
ing monocyte subsets and platelets: Ortho 
B-cell slg marker and Ortho FITC con- 
jugated goat Anti-mouse IgG. 
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e@The new Bio-Dot 96 well microfiltration 
apparatus performs rapid immunoassay, 
nucleic acid hybridizations and other filter 
assay procedures with no cross contami- 
nation between wells. Using the Bio-Dot 
apparatus, samples of unfractionated or 
purified protein, DNA or RNA are rapidly 
immobilized to chemically modified mem- 
branes such as nitrocellulose by using a 
vacuum force to pull the liquid samples 
through the the membrane. Once bound, 
samples can be quantitated, hybridized or 
rapidly assayed for biological activities or 
determinants. Bio-Dot 96 is produced by 
Bio-Rad. 
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® The Wheaton Auto-Pette automatic 
pipettor comes with microprocessor con- 
trol and remote pipettor unit(s), allowing 
the clinical technician to choose the opti- 
mum dispense mode to satisfy various 
pipetting parameters. Depending on the 
mode selected, the Auto-Pette will either 
function manually, automatically, or will 
cycle continuously. An automatic tip eject 
function switch allows the option of having 
the Auto-Pette automatically eject the dis- 
posable polypropylene tip after each 
dispense, or the tip may be ejected manually. 
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@ The Shimadzu MPS-2000 is a UV/visible 
microprocessor-controlled recording spec- 
trophotometer featuring a new dual-face 
end-on detector system and a saturation 
free pre-amplifier. The dual face detector 
system allows analyses of transmitted, scat- 
tered, reflected or refracted light. 
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[| © Lab Safety Supply Co. of Janesville, 


Wisconsin, has published a chart of value” 
to anyone who handles chemical waste and 
must comply with the US Resource Conser- 





_| vation and Recovery Act. The 17x22 inch 
| chemicals that are considered hazardous, 


and provides thé actual hazardous waste. 
number for over 650 chemicals. This chart 
helps to speed up paperwork procedures 
required under RCRA. ee 
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® Full details of the GIBCO range of pro- 
ducts for the hybridoma laboratory are 
available on request. Products include fetal 
bovine serum, culture media, supplements, — 
buffers and NUNC plastic labware. ~ 
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© Sartopure pre-filters, from Sartorius, 
are entirely fabricated from polyproply- 
lene, and are available in pore sizes from 
0.2 to 50 ym. Existing users of ‘pre-filters 
can easily retro-fit Sartopure in any stan- 
dard type of housing. ere oes 
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5-Cell Equilibrium Dialyzer ” 
for (ligand?) binding and distribution Stuches uricer 
Siandardized conditions, 
Sdifferen: MOYARA rotating-celt 
AE types (PTFE) are avaifable: 
mes minimal volumes 0.125, 0.6, 
0.7, 1.5, 2.0 mi. Equilibrium 
reached in 15-180 minutes. 
Voltage of the drive ig 
transformed down ta 14 V 
thereby avoiding any risk 
when using a temperature 
controlled water batho) 
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© A free 8-page booklet on laminar flow 

‘(clean air) biological safety cabinets is 
published by Baker Company, Inc., a 
manufacturer of all types of laminar flow 
equipment. The publication discusses all 
types of cabinets available today, listing 
and describing them in terms of the NSF49 
standard. It gives guidance on procedures 
for risk assessment based on NIH, NCI, 
CDC, and others. 

Circle No. 137 on Reader Service Card. 
è The Tekmar sonic disruptor is suitable 
for ultrasonic cell and tissue disruptions 
and operates over four power ranges from 
250 to 2,000 W. Three of these ranges can 
energize two horns simultaneously, cutting 
processing time in half. Accessories include 
a wide range of standard horns and micro- 
tips and a special multi-element horn which 
will accept up to four microtips. 
Circle No. 138 on Reader Service Card. 
© The Bakerbond MAb column offers 
HPLC purification of monoclonal anti- 
bodies at speed with high sample recovery 
and purity. Using an MAb column, an IgG 
monoclonal antibody can be purified from 
mouse ascites fluid (centrifuged and 
dialysed) in less than 30 min with recovery 
greater than 90%. The isolated mono- 
clonal antibody is also free of transferrin 
contamination. All sub-classes of the IgG 
immunoglobulin can be purified on 
Bakerbond MAb analytical and prepar- 
ative columns, manufactured by J.T. 
Baker Research Products. 
Circle No.139 on Reader Service Card. 
è The two major subpopulations of T 
lymphocotes in peripheral blood can be 
identified and enumerated without the use 
of a fluorescence microscope, using Bio- 
Rad’s new Quantigen T4/T8 simultaneous 
assay. In the procedure, lymphocytes 
isolated from whole blood are incubated 
with antibody coupling microbeads in 
order to label T4 and T8 antigen bearing 
cells. The use of solid phase immunobeads 
eliminates the necessity of multiple washes 
required for second antibody techniques 
and obviates the need for a fluorescence 
microscope or flow cytometer. 

Circle No. 140 on Reader Service Card. 
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Flow are new ion-exchange 


gels giving rapid processing and through- 
put to the large-scale user. The gels, from — 


Pharmacia Fine Chemicals, are derived 
from DEAE- and CM-Sepharose CL-6B 
gels by a modification of the cross-linking 
to improve mechanical strength. Flow rates 
of 3-5 times those of the CL-6B gel are 
observed. Also from Pharmacia, for DNA 
sequencing and isoelectric focusing, the 
ECPS 3000/150 is a high voltage (3 ,000 V} 
power supply now featuring a ‘low range 
switch for control of power and current 
and new recessed output connectors for 
greater operator safety. Additional 
features include constant voltage, current 
or power regulation and automatic cross- 
over from one mode of control to another. 
Circle No. 141 on Reader Service Card. 

e Affinity-isolated goat antibodies to rat 
IgG (y + L chains) are now available from 
Tago, Inc. These antibodies are extensively 
affinity-purified in order to minimize 
cross-reactivity with human and mouse 
immunoglobulins. Goat anti-rat IgG is 
ideal as the second antibody with any rat 
monoclonal immunoglobulin of this class 
in indirect quantitative immunoassays and 
histochemical staining. Tago’s anti-rat IgG 
is available unconjugated or tagged with 
fluorescein isothiocyanate (FITC) or 
horseradish peroxidase. 

Circle No. 142 on Reader Service Card. 
eimmunosoft, from Dynatech, is an im- 
munoassay (ELISA) software package 
system designed for use with Dynatech 
microplate readers MR 580, MR 600 and 
the MicroFluor system. As well as ELISA 
testing the system is applicable to a wide 
range of other colorimetric assays. In the 
standard processing modes, Immunosoft 
defines up to 40 different procedures and 
templates routinly used by laboratories. 
These standard operations, once defined, 
are stored for future use. The non-standard 
processing mode is used to create templates 
and procedures and to set programme and 
process controls. In addition, the user can 
vary parameters, templates, processing 
and display routines at will. 

Circle No. 143 on Reader Service Card. 

® Easy labelling of sample tubes is provided 
by a new line of disposable 12x75 mm 
polystyrene tubes from Sarstedt, Inc., 
printed in colours and with graduations 
and an extra large writing block. Available 
with or without caps, the tubes are easily 
marked using pencil, felt tip or ball point 
pen and make it unnecessary to transfer 
samples to other containers for storage or 
subsequent processing. 

Circle No. 144 on Reader Service Card. 

© The 1984 catalogue from Vector Labor- 
atories, Inc features more than 30 newly 
introduced products. The sections des- 


cribing Vector’s lectins, Biotin/Avidin | 
System reagents, and Vectastain ABC | 


kits are expanded to include specific 


information on the purification, properties | 


and uses of each product. 


d _@ DEAE-Sepharose Fast Flow and CM- 


-lishing the molecular weights of the protein 
| moiety of glycosylated proteins and 
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@ Two of the latest additions to the New 
England Nuclear range of research 
enzymes are endoglycosidase F (Endo F) 
and Endo H. Endo F is useful in estab- 


peptides, and in establishing the involve- 
ment of sugars in the recognition of one 
molecule by another. Isolated from Fiavo- 
bacterium meningosepticum, Endo F 
cleaves both high-mannose and complex 
asparagine linked glycans from glyco- 
proteins, leaving the polypeptide backbone 
attached to a single sugar residue through 
the aspargine. Endo H, isolated from 
Streptomyces plicatus, useful in deter- 
mining the molecular weight of the protein 
moiety of glycoproteins and their number 
of oligosaccharide chains. 

Circle No.146 on Reader Service Card. 

@ A new photometric microplate reader, 
the Dynatech M600, is suitable for ELISA 
and many other assays. A two-way 
computer connection and a wide selection 
of software packages make the instrument 
suitable for obtaining direct readings in the 


following applications: bacterial MICs,..7. 
bacterial identification, CFT, blood group A 





serology, monoclonal antibody studies, 
clinical chemistry, kinetic studies, protein 
and glucose determination. 

Circle No. 147 on Reader Service Card. 

@ Millipore’s Millex-FG filter unit is 
suitable for venting closed containers in 
pharmaceutical processing applications as 
well as non-aqueous solvent filtration 
up to 10 litres. The Millex-FG,, unit 
incorporates a 0.2um PTFE membrance 
in a bi-directionally-supported poly- 
propylene housing, and provides 19.6cm? 
of usable filter area in a compact, 58mm 
housing, The unit can withstand autoclave 
temperatures up to 130°C. 

Circle No. 148 on Reader Service Card. 

@ The TANDEM-E TSH immunometric 
assay from Hybritech is a monoclonal». 





antibody-based non-isotopic assay for ted" 


evaluation of thyroid function. The use of 
monoclonal antibodies in a solid phase 
two-site immunoenzymetric assay (IEMA) 
offers linear calibration, and the kit has a 
one year shelf life. TANDEM-E TSH is an 
enzymatic assay, so results are easily read at 
405nm on a standard spectrophotometer. 
Circle No. 149 on Reader Service Card. 

è Becton Dickinson Monoclonal Center, 
Inc. now produces a one-step research test | 
for determining the ratio of human T 
helper cells to T suppressor/ cytotoxic cells 
in peripheral blood. These T cell subsets are 
simultaneously detected following treat- 
ment of the sample with monoclonal anti 
bodies conjugated with two different 
fluorescent dyes. The antibodies in the tesi ! 
consist of a phycoerythrin (PE) conjugate 
of Anti-Leu-3a for T helper cells and a 
fluorescein (FITC) conjugate of Anti-Leu- 
2a for T suppressor/cytotoxic cells in a 
single reagent. The two antibodies are 
detected simultaneously under a strandard 
fluorescence microscope. 
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IMPERIAL COLLEGE 


BIOCHEMICAL 
LABORATORY TECHNICIAN 
(Grade IHH —— Part Time) 


A half-time laboratory technician is 
required to support the work of an 
active Research Group working on 
the structure and function of muscle 
and connective tissue. In addition to 
the normal laboratory skills some 
experience of either light microscopy 
(histochemistry) or electron micro- 
scopy would be an advantage. 
Working hours can be arranged to 
suit any special needs. The appoint- 
. ment will be for 1 year initially but 
= nipay be renewable. Salary in the range 

Pe an to £3,640 pa, inclusive of 
London Weighting. 

Applications with a full curriculum 
vitae and the names and addresses of 
two referees should be sent as soon as 
possible to: Dr J M Squire, Bio- 
physics Group, Blackett Laboratory, 
Imperial College, London, SW7 2BZ. 

(1562)A 





YALE MEDICAL SCHOOL 


YALE MOLECULAR 
BIOLOGIST 


Yale Department of Obstetrics/ 
Gynecology is searching for a mole- 
cular Biologist at the rank of equiva- 
lent to Assistant Professor for studies 
in the field of Gynecologic Oncology 
or Fetal Development. 


The candidate should have at least 
two years postdoctoral experience, 
with either doctoral or postdoctoral 
training in hormone action, and 
should be thoroughly familiar with 
current techniques for studying 
genomic action of hormones. He or 
she must be capable of functioning as 
an independent investigator. 

Send curriculum vitae/biblio- 
graphy and names and phone 
numbers of three references to: F 
Naftolin, MD, D Phil, Yale Medical 
School, PO Box 3333, New Haven, 
CT 06510. 

Yale is an equal opportunity/ 


affirmative action employer, 
(NW424)A 


SENIOR 


EPIDEMIOLOGIST 


NUTRITION, HORMONES AND 
CANCER 


QUEEN MARY COLLEGE PRINCETON UNIVERSITY 
“ re - DEPARTMENT OF 05 
CHEMISTRY DEPARTMENT BIOLOGY © C a 
High Field (400 MHz) POPULATION AND a 
Multinuclear FT-NMR Service COMMUNITY ECOLOGIST 
TECHNICIAN GRADE 5 The Univer sity seeks applicants for 


position. at the senior professoria 
level. Candidates should work at th 
interface between population biolog 
and community ecology, and shoul 
have a firmly established program o 
research involving both conceptus 
advances and field and/or lab work 


Their interests should overlap an 
complement those of -existin 


required to assist in the operation of 
this University of London NMR 
Service (Bruker WH-400 Spectro- 
meter). Experience in the operation 
of FT-NMR Spectrometers 
preferred, but sound general 
experience with computer instru- 
mentation would be acceptable. 


Salary £7,529 to £8,582 per | members of Princeton’s populatio 
annum, inclusive of London | biology group: Gould, Hoogland 
Weighting. Flexi-time working | Horn, May, Rubenstein, an 
required. 5 day, 37 hour week. Terborgh. 


Applicants should: send: 
curriculum vitae to: Dro Joh 
Terborgh, Department of Biology, | 
Princeton University, Princeton, 
New Jersey 08540. 


Princeton University is an Equal 
Employment/Affirmative om 
Employer. (NETS 


Womputational] 
Scientist 


There is a vacancy at the Daresbury Laboratory, an 
establishment of the Science & Engineering Research Council, 


Written applications together with 
the names of 2 referees to be sent to 
Miss Garner, Personnel Assistant, 
Queen Mary College, University of 
London, Mile End Road, London E1 
4NS, stating age, qualifications and 
previous experience. Closing date 7th 
April, 1984. (15S3)A 









The International Agency for Research on Cancer of the Worid 
Health Organization invites applications for a position of Senior 
A. Epidemiologist within the Unit of Analytical Epidemiology. The 
“© selected candidate will be responsible for developing research 
= projects on nutititonal and hormonal factors in cancer causation. 
The position presents excellent opportunities for research work on 
an expanding programme within an interdisciplinary milieu. 
Applicants should have a qualification in either medicine, 
epidemiology, public health or related disciplines, and should have 
research experience (documented by a publication record) in the 
field of nutrition/hormones in relation to the aetiology of chronic 
diseases. Excellent knowledge of English is required, and a working 
Knowledge of French would be an asset. 
For further information and application write to: Office of 
Personnel, International Agency for Research on Cancer, 150 
Cours Albert Thomas, 69372 Lyon cedex 08, France. 
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in the collaboration. 


and is involved in 


Ext. 204. 


DL/841 to: 





Warrington, Cheshire. 
WA4 4AD England. 


situated in the Cheshire countryside, for a Research 
Associateship in Computational Science to develop the theory 
of electron transfer in heavy particle collisions in collaboration 
with groups of scientists from various institutions: the 
Universities of Durham, Newcastle and Bristol are all involved 


The post will be based in the computational science group. 
at Daresbury, but will involve occasional visits to the other 
centres. The computational science group develops software 

research in quantum chemistry, atomic and 
molecular physics, solid state and surface physics. It is closely 
associated with the theory group which supports experiments 
on the Synchrotron Radiation Source. The Laboratory 
computing facilities are based on a NAS AS-7000, ard access to 
the Cray-1S at the University of London is provided. 

An appointment will be made at salaries between £6, 985 
and £10,686 depending on age, ability and experience, =- — 
The position is a fixed term appointment for 3 years, and is. : 
superannuable. Applicants (male or female) should possessa . ~ 
PhD degree, preferably in atomic collision theory or the theory P 
of molecular electronic structure. 

CLOSING DATE: 30th April 1984. 

For further information please write to or 
telephone V.R. Saunders, (0925) 65000 


Applications should be sent, together 
with curriculum vitae and the addresses 
of two referees, quoting reference 


The Personnel Officer, Daresbury 










Department of Health and 
Social Security, London 





The International Laboratory for Research on Animal Diseases. 
ULRAD), Nairobi, Kenyaisan internationally funded institution with the 
mandate to develop improved methods of control for two major 
diseases of livestock, trypanosomiasis and theileriosis. The 
multidisciplinary research programme includes biochemistry, f- 
molecular biology, immunology, cell biology, pathology and para- | 
sitology with appropriate supporting units. Applications for the 
following positions are invited: 


g Immuno-parasitologist Ref: SC/ L1/ 84/ 1 
& 
A scientist to conduct comparative investigations on mechanisms of 
Al Im ortant role in resistance to African pathogenic trypanosomes in susceptible and 
naturally resistant vertebrate hosts. Applicants should have a first 
degree in biology, medicine, or veterinary medicine and a doctorate in 


e è 
me icinal safety immunology or parasitology with at least 5 years of post-doctoral 
e interactions, preferably 


research experience in the field of host-parasit 









You will assist senior medical staff by evaluating and preparing in the area of protozoology. Experience of research in wildlife and/or 
reports on the pre-clinical data accompanying new drug applications. domestic livestock would be an advantage. 
The reports, combined with assessments of the clinical data prepared Cell Biologist/ Biochemist Ref: 
by the medical staff, will be presented to the Committee on the PD.L1/ g4 1 
Safety of Medicines and its Sub-Committees. A i i ctal A ai ; 
| st-doctoral fellow to stu iochemical characterisation © 
You should normally have a first or second class honours degree, š iad an trypanosome p Soulad ons. Applicants should have 
or an equivalent (including overseas) qualification, in a relevant completed a PhD in a relevant research area of biological science, 
science. You must also have at least 4 years’ appropriate post-graduate preferably with recent experience in the use of isoenzyme biochemistry . 
experience together with a high standard of technical knowledge in or related techniques for characterising cells and thelr products. 
pharmacology, toxicology, physiology and pathology. You should also Knowledge and experience of protozoan parasite biochemistry, would 
possess the oral and written fluency required to communicate with be an advantage. 
highly qualified medical and scientific experts. The above positions are international staff positions and salaries will be 
Appointments as Senior Scientific Officer £10,220 - £12,725 paid in US dollars. initial salary level will be determined by qualification 
(including £1250 Inner London weighting) with starting salary ait experience. Moving, housing, commutation, and aduca on 
according to qualifications and experience. Promotion prospects. a pae on a a mede and retirement Donen. 
gq P prosp Applications should include a current curriculum vitae and the names 
For further details and an application form (to be returned by 13 and addresses of three referees. Applications, citing the reference 
April 1984) write to Civil Service Commission, Alencon Link, number should be sent by 31st May 1984 to: 
Basingstoke, Hants, RG21 1JB, or telephone Basingstoke (0256) 68551 Chief Personnel Officer 
(answering service operates outside office hours). LLRA. D. 
P.O. Box 30709 
Please quote ref: $B/9/K. NAIROBI (we4siA 
The Civil Service is an equal opportunity employer. Kenya 
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===} | Chair of 
Mathematics 


ge ie are invited for a chair in Mathematics, vacant from 1 January 
= 1985. Candidates should be well qualified in af least one branch of 
l mathematics, but the University is not specifying particular fields for this 
chak. | ce 

Appointment according to qualificabors and experience will be made on 
_ the salary scale of R23 109 x 936-24 045 x | 035-30. 255 per annum 
> plus a. pensionable allowance of te% of he basic soniy, with on annual 
ee bonus of nearly one month's salary and attractive staff benefits. 
Applicants should submit a tult curriculum vitae and the names and 
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Are you reading Bio/ Technology, the international Journal for 
industrial Biology? | 


a 
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For a free sample copy of this new monthly Journal from the Publishers - 
of Nature, please write or phone: . Me a 


Mirta Soto Felicity Parker _ 






































‘the grounds of sex, race or religion. 
Further information on the 
Implementation of this 
» policy is obtainable 
=, on request, 


caresses of mran referea niments Office) Deparment ACI 431 irta Soto Felicity Parker 
“University of Cape Town, Private Bag, Rondebosch, 7700, South Bio/Technology ‘Bio/Technology = 








R.C. CLINICAL RESEARCH CENTRE 
NORTHWICK PARK HOSPITAL) 
-WATFORD ROAD, HARROW, 

MIDDLESEX, HA13UJ 


POST DOCTORAL FELLOW in 
MOLECULAR BIOLOGY 


_ Applications are invited from Science Graduates for a 3 year Post 
Doctorai position in the Molecular Medicine Research Group to work on 
the molecular basis of atheroscleriosis, A minimum of 3 years 
experience in Molecular Biology is essential. 


Salary scales are related to those for University Non-clinical Academic 
staff and salary on appointment will depend on age and experience. 


informal enquiries may be made to Dr. James Scott (Head of 
Research Group) on 01-864 5311 Ext. 2257. Application forms and 
further details available from Miss J. Cottam, Personnel 
Section, Ext. 2673 duo g aferen 111/1/3981. Ciomng date for 
applications 20th April 1984. 1528)A 































Leader for 
Epidemiology & 

Statistical Studies 
Group 


A vacancy exists for an applied statistician to tead 
the Board's Epidemiology and Statistical Studies Group. 
Protocols and methods already exist for the analysis of 
data on persons exposed to ionising radiation that wili 
provide valid comparisons with unexposed control 
groups, determine the dose dependence of any excess 
cancer incidence in the exposed, and investigate different 
models for the time and age dependence of the effects. A 
number of projects are in hand or are proposed: these 
include the study of UK participants in the UK 
atmospheric nuclear weapons tests and of persons 
occupationally exposed to radiation and who are included 
in the National Registry for Radiation Workers maintained 
by the Board. 


: The Group is also responsible for general statistical 
_ advice, both for the design of experiments and for the 
interpretation of monitoring methods. It consists of two 
junior statisticians and other supporting staff. The leader 
is expected to develop their work and to initiate new and 
improved methods of analysis of epidemiological data. 


He/she will also play a leading role in national and 
international negotiations for the acquisition of data. 


... Applicants should have a good honours degree in 
4- mathematics and preferably a postgraduate qualification 
| in statistics, together with relevant experience. 


Fo The appointment is at the Board's Headquarters at 
|} Chilton, Oxfordshire, and the successful applicant may 

4 expect to be appointed to the grade of Principal Scientific 
41 Officer, with a salary in the range of £12,140-£15 980p.a. 

k For an application form write to Establishments and 

| Personnel Branch (Ref. PER A 189), National Radiological 
i| Protection Board, Chilton, Didcot, Oxon. OX11 ORQ or 

|| telephone Abingdon (0235) 831600 Exts. 548/553. Closing 
|| date for applications: 16th April 1984. (1570)A 




















By April 27th, 1984. 





(3 positions) 
$A24,344-$A30,038 _ : 
Division of Animal Production —_ 
Prospect NSW 
Australia SE E a 


Field: Applications of molecular techniques tolivestock = 
improvement. ; POE ore ane 
CSIRO conducts scientific and technological researchin = = oo. 
laboratories located throughout Australia and employs about 
7,500 staff, of whom some 2,900 are professional scientists... 
The Organization's research activities are grouped into five ~~ 
institutes: Animal and Food Sciences, Biological Resources, 
Energy and Earth Resources, Industrial Technology and oe 
Physical Sciences. The CSIRO Division of Animal Production is 
a member of the Institute of Animal and Food Sciences. | 


General: A team of scientists within the Division is 8 
investigating methods for the manipulation of the genotype. and... 
phenotype of domestic animals by direct gene transfer 2 
technology. Genes under investigation at present include the... 
ovine growth hormone gene, the genes encoding cysteine o oo coo: 
biosynthesis and the wool keratin genes. The research includes 
the investigation of gene structure, the control of a gene eet 
expression, particularly as applied to the sheep, the tansferof: o 
foreign genes into ruminant embryos, and the maternal control 
of early embryonic growth. | 


POSITION NO C8176 


Duties: Carry out the isolation and characterization of gene 
sequences, such as those coding for the wool keratins, which > 
might be expected to contribute to an improvement in. domestic 
livestock productivity, and participate in the modification and 
testing of these sequences for their optimal functioning inthe 
environment of the sheep genome. 


Qualifications: A PhD degree or equivalent qualifications in 
molecular biology. A thorough understanding of the principles 
and practice of recombinant DNA technology is essential. 
Experience in tissue culture techniques would be an advantage. 


POSITION NO A6679 


Duties: Construct and evaluate vectors for the transfer of 
gene sequences to the sheep genome with particular reference 
to the retroviruses of the sheep or goat, and study the 
expression of sequences transferred by such vectors. 


Qualifications: A PhD degree or equivalent qualifications in 
molecular biology with a thorough understanding of the 
rinciples and practice of recombinant DNA technology. - 
xperience with transposable genetic elements or with the 
development of viral vectors would be very desirable. 


POSITION NO A6680 Soe ee eS 
Duties: investigate early embryogenesis inthe sheep. The =- 
appointee will also be expected to participate in basic studies of 
the pathways of embryo-maternal communication, and with the — 
isolation and culture of pluripotent cells from ruminant embryos, 
eg teratocarcinoma lines. aee 
Qualifications: A PhD degree or equivalent qualificationsin 
the general field of mammalian embryology. Some experience 
in associated aspects such as embryo and tissue culture would . 
be an advantage. 

























Tenure: A term of three years. Australian Government 
superannuation benefits are available. 


Applications: Stating full personal and professional details, 
the names of at least two referees and quoting the relevant 
reference number should be directed to: 


The Chief l 
CSIRO Division of Animal Production 
PO Box 239 

Blacktown NSW 2148 

Australia 
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Etudes et rechea "A le doma ne ecardiovasc ulaire, 
Péquipe du Centre de Recherches de Romainville (93) 
intervient avec succès au plus haut i niveau. 





Nous eioi rencontrer une personnalité 
homme ou femme, médecin, pharmacien ou docteur 
en pharmacologie pour animer l'activité de 

cette équipe. 


Bien entendu, plusieurs années de recherches dans 
un laboratoire de renommée internationale sont 
nécessaires pour prendre en charge la conduite 
d'un projet. 


Les nombreux contacts avec la communauté scienti- 
fique internationale impliquent une bonne maitrise 
de la langue anglaise. 


Merci d'adresser votre dossier de candidature sous réef.116 N 
à Robert de Vitry - Roussel Uclaf - BP 120.07 
75323 Paris Cedex 07 






ROUSSEL UCLAF 









Manager, 
Scientific Writing 
Department 





Our client, a leading international producer of pharma- 
ceuticals, based in Europe, has a need for a manager to 
develop a department to prepare Literature Reviews, 
Final Study Reports, other components of NDAs, manu- 
scripts for publication, and additional technical writing 
assignments. 


Requirements: BS/MS or doctorate in science and/or 
communications or equivalent. Atleast 5 years of phar- 
maceutical research writing experience. Knowledge of 

| e peau and research department procedures and 

< policies. Most important is exceptional managerial abil- 
ity. Perfect skills in ae essential, and knowledge of 
German extremely valuable, but not required. 


Thus is a high salary position, reporting directly to the 
O Director of Clinical Research. Successful applicant will 
be trained in the U, >i affiliate before transfer to Bulge 


-o Our client is an equal opportunity emp! oyer. Please | 
co gend- resume, ineluding. present salary (we will forward 





‘unopened to client) to Box 444, “eo Deutsch, Shea & 


Evans, In me 49 East sees Street, New York, NY- 10022, a 


GESELLSCHAFT, is lo 





-The Scientific and Medical Division of Macmillan Press publishe: 





located i in 


The research of this unit is focussed on immune n 
mechanisms of Multiple Sclerosis and autoimmune. 
disorders in the nervous system. The projects. inch le 
clinical as well as basic experimental studies. =~ 





To. complete our team (at present 18 scientists, including | 
neurologists, clinical and cellular immunologists and... 
neuropathologists) we require a young scientist preferably 
M.D. after postdoctoral stage who is interested/ 
experienced in at least one of the following topics: 


CLINICAL AND EXPERIMENTAL NEUROIMMUNOLOGY 
HUMAN T LYMPHOCYTE TECHNOLOGY 
MOLECULAR IMMUNOLOGY 

The position is on staff or post-doctoral level. The salary will 


fit the degree of experience, according to BAT (German 
Federal Tariff). 


We expect active participation within our general program, 
but development of compatible independent projects is 
encouraged. 





Basic knowledge of German would be advantageous. 


Persons interested in a position should send their 
application including. curriculum vitae, list of ; 
publications and names of three referees to Hartmut © 
Wekerle, M.D., Klin. Forschungsgruppe fiir Multiple 
Sklerose, Postfach 6120, D-8700 Würzburg, F.R.G. 
(NW846)A 





SENIOR EDITOR 








scientific and medical monographs, symposia proceedings and learned: 
journals. It is looking for a senior editor to assist in its growth. He/she - 
will be expected quickly to assume responsibility for the Division’s book | 
programme and work closely with the Publisher to make a positive’ 
contribution to the commissioning and management of the Division’s 
academic journals list. 


| This is a key appointment and candidates will be expected to 


demonstrate a proven commissioning record. A scientific publishing © 
background, in either life sciences or medicine, is essential. ; 


This appointment is based in iiai, 


Applications in striet confidence to: 


Sheilagh Browne 
Personnel Manager | 
The Macmillan Press Lid. 
Houndmills | 
Basingstone, 8 Hants. . 
RGH 2XS.. 
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(~ SCHENTIFI IC 
& MEDICAL 









AEDICINE 
-© BIOLOGIST 
PhD degree is desired for a 
oral experience in the area of 
nsferrin receptors and iron 
ansport. The specific topics to be 
lored include mechanisms of iron 
ase from transferrin, iron 
ansport into cells, isolation of iron 
sport proteins of the plasma 
mbrane and cytosol, and effects of 
netal chelators on cell growth and 
INA synthesis. These studies require 
arity with techniques including 
nethods of protein separation, 
membrane biochemistry, DNA struc- 
ral analysis, analytical immuno- 
gy, and mammalian cell culture. 
erested applicants should send 
curriculum vitae and letters of recom- 
mendation to: Dr Jonathan Glass, 
epartment of Medicine, Beth Israel 
ospital, Harvard Medical School, 
0 Brookline Avenue, Boston, Mass 
215. The Beth Israel Hospital is an 
Equal Opportunity/Affirmative 
Action Employer. (NW422)A 















































Working within the Medical Support Services, part of the Company's 
Research Department, the associate will report to the Senior Medical Adviser 
This challenging and interesting post involves the initiation, monitoring and 
reporting of clinical trial work on the Company’s pharmaceutical products, — 

Applicants should be Life Science graduates, preferably with a post graduate 
qualification. Previous experience in medical or pharmaceutical sciences would 
be an advantage but the ability to relate to clinicians, often leaders in their 
field of work, is essential. A high level of skill and accuracy when 
communicating either verbally or in writing must be demonstrated. 


The benefits are those expected of a large Company, a competitive salary, 
profit sharing and staff discount privileges. Generous relocation to the area is 
available, if applicable. $ 

Please write or telephone for an application form to: Mr. T. W. Flower, 
Employment Manager (Technical), The Boots Company PLC, Station Street, 
Nottingham. NG2 3AA. Telephone: Nottingham (0602) 506255, Ext 243. 
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UNIVERSITY OF UMEA, SWEDEN 
Unit for Applied Cell and 
Molecular Biology 











_ This newly formed Unit is made up of groups working with 

į the molecular genetics of soil microorganisms, degradative 

| Pathways, problems related to growth regulation, growth and 

§ differentiation factor production, tissue specific gene 

| expression systems in pro-and eukaryotic cells. Neighbouring 
_ institutes in Immunology, Microbiology, Genetics, 

§ Biochemistry and Chemistry provide a nice intellectual and 

| technological atmosphere for people interested in applying 

| \ molecular approaches to relevant biological problems. The 

{d * “boratory building is new and optimally equipped. 


{fv OCENT (assistant professor) IN APPLIED MOLECULAR 

$ BIOLOGY (ref 172). One position at the assistant professor 

‘| level for basic research in the molecular biology of eukaryotic | 
|. or prokaryotic cells. The candidate is expected to establish an 
|. independent research group. The position will initially run for 
|. three years but is tenure track. The contract period and the 
salary level are negotiable. 


_Three positions as RESEARCH ASSISTANT/POST- 
OCTORAL FELLOW (tenure track) for the development of 
nolecular genetics in prokaryotic or eukaryotic cells of 
portance for research in biotechnology. The contract 
sand salary levels are negotiable. (ref 173) 

position as RESEARCH ASSISTANT/POST- 
DOCTORAL FELLOW (tenure track) with experience in 
iochemistry/ protein chemistry. The candidate is expected to 






There is a vacancy for an experimental physicist to join the. EE 
nuclear physics group at the Daresbury Laboratory, an estäblishment 
of the Science and Engineering Research Council situated in rural | 
Cheshire which operates major national facilities for scientific 
research. 














The successful applicant will be required to liaise with university 
research teams using the NSF. Candidates will also be expected edto.. 
collaborate in nuclear research programmes and to play an active - 
role in initiating and developing new programmi 





















direct the technical and scientific suppo 
























physics and a period of post-doctoral experience in experimental 
nuclear research would be an advantage. apa 


The appoin 



















CLOSING DATE: 15th May 1984, 
Further information may be obtained from 
Dr J. S. Lilley, telephone: (0925) Ext. 558. 
Application forms may be obtained from 
cont s and should be returned quoting reference pe 
ya l number DL/839 to: dj 
g The Personnel Officer, Daresbury ; 
Engineering Research _ 
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"The Department of Genetics is seeking candidates who would 

yualify for external funding by the Natural Sciences and Engineering 
“Research Council (as University Research Fellows) or the Alberta 
Heritage Foundation for Medical Research (as Scholars). 
-Applicants who are successful in obtaining external support would 
‘be appointed as non-tenured Assistant or Associate Professors 
{current salary Asst. Prof. $29,720 — $41,820/annum, Assoc. Prof. 

37,420 — $53,658), with initial appointments for five years. The 

ppointees would be expected to establish independent research 
-programs and to carry limited teaching loads. 


~The department contemplates sponsorship of up to three such 
positions. Preference will be given to applicants specializing in any 
“aspect of HUMAN GENETICS or PLANT GENETICS. 
= Candidates should have a minimum of two years’ postdoctoral 
experience and be able to demonstrate superior research 
achievements and potential. 


©The department is well-equipped for studies of most aspects of 
~eellular and molecular genetics, has extensive facilities for 
Cultivation of plants and has extensive access to the University 
~ computing facilities, 
The present faculty of 14 (including three who occupy positions 
< similar to those advertised here) have research interests including: 
the mechanisms of mutation, recombination and transposition, the 
organization and functioning of eukaryotic genes, mitochondria! 
biogenesis, pattern formation, the genetics of cell membranes, 
population genetics, human genetic epidemiology, the 
_ cytogenetics of wheat and cultivation of native wild-grasses. 


Applicants should send a curriculum vitae, the names of 
three academic referees and reprints of principal scientific 
- publications to: Dr. David Nash, Acting Chairman, 
“Department of Genetics, University of Alberta, Edmonton, 
Alberta Canada T6G 2E9, prior to May 1, 1984. Further 
information can be obtained from the same address. 


The University of Alberta is an equal opportunity employer 
but, in accordance with Canada Employment and 








. Immigration regulations, this advertisement is directed to 
Canadian citizens and permanent residents. 


(NW433)A 










POSTDOCTORATE 
FELLOW / 
SCIENTIST 


Cetus Corporation, recently named one 
of California’s fastest growing com- 
panies, is currently seeking an individual 
to supervise group responsible for 
developing therapeutic substances in pa- 
tients. Candidate should have a Ph.D. or 
M.S. and 2+ years’ experience in tissue 
culture-immunology setting. Experience 
with cellular immunology and tissue 
culture including soft agar clonogenic 
techniques preferred. 
-This is a professionally challenging posi- 
tion offering an achievement oriented en- 
vironment, excellent compensation and 
~ benefits package. For confidential con- 
“sideration, send resume to: 
Cetus Corporation 
Box #83177 
1400 Fifty-third Street 
Emeryville, CA 94608 
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OF CAMBR > 
DEPARTMENT OF 
PATHOLOGY 


UNIVERSITY LECTURER OR 


UNIVERSITY 
DEMONSTRATOR IN 
CELLULAR AND 
EXPERIMENTAL 
PATHOLOGY 


Candidates should be graduates in 
medicine, veterinary medicine or 
natural science with post-doctoral 
experience of experimental aspects of 
general pathology. The successful 
candidate will be expected to provide 
teaching in cellular pathology and to 
contribute to research in 
experimental pathology in the 
Department. 


The successful candidate would be 
expected to take up appointment as 
soon as possible after | October 1984. 


Appointment will be for three 
years, with the possibility, for a 
University Lecturer of re- 
appointment to the retiring age or, 
for a University Demonstrator, 
reappointment for a further two 
years. 


The pensionable scales of stipends 
are for a University lecturer £9,875 a 
year, rising by eleven annual incre- 
ments to £15,085 and for a University 
Demonstrator £7,630 a year, rising 
by four annual increments to £9,425. 
There is no grade of Senior Lecturer. 


Further information about the 
duties and conditions of appointment 
may be obtained from the Secretary 
of the Appointments Committee for 
the Faculty of Biology. ‘B’, 19 
Trumpington Street, Cambridge CB2 
IQA, to whom applications (12 
copies — candidates resident over- 
seas may submit only one copy), 
including a curriculum vitae, list of 
publications and the names of not 
more than three referees, should be 
sent so as to reach him not later than 
24 April 1984, (iS41I)A 





UNIVERSITY 
OF LONDON 
INSTITUTE OF NEUROLOGY 
RESEARCH TECHNICIAN 
GRADE 3 
Applications are invited for the post 


of Research Technician (Grade 3 | 


London University) to take part in a 


study of the development and local- 
ization of cell surface antigens of | 


human muscle in tissue culture. Prac- 
tical experience in electron micro- 


. scopy is essential, and some familiar- 


ity with immunocyto-chemical 
techniques an advantage. 

The post is funded on a three-year 
grant from the Brain Research Trust 
which commenced 1 October 1983; 
starting salary £6,371 including 
London Weighting. 


Applications accompanied by 4 
full curriculum vitae and the names | 


and addresses of two referees should 
be sent to Dr R Yasin, Miriam Marks 


Department. of Neurochemistry, . 


Square, London W 





Institute of Neurology, Q 
; o 






| invites applications fror 
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and women for the 
position: 
RESEARCH ASSOCIATE í 
RESEARCH FELLOW I 
BIOCHEMISTRY | 
(National Biotechnology 
Program) (Ref X4037) 
As part of the Australian Natio 
Biotechnology program, - 
Department of Biochemistr 
University of Adelaide, in con: 
junction with the CSIRO Division of- 
Plant Industry, Canberra, has been» 
awarded a three year grant for the 
development of diagnostic probes for. ` 
virus diseases of crops and to initiate. 
a survey to assess virus infection in | 
economically important plants in- 
Australia. Work associated with this 
project will be carried out both in | 
Canberra and Adelaide. ne 
This position will involve the pres 
paration of recombinant DNA. 
probes to various viral nucleic. acids. 
and the development of suitable diag- 
nostic procedures for their uses: 
Emphasis will be on the design and- 
application of non-radioactive. 
methods for the detection of thesg:. 
DNA probes. The work will alsg 
involve the comparative with Thes 
Adelaide University Centre for Geng.. 
Technology within the Department — 
of Biochemistry will be encouraged: 


Applicants should have some 
experience in molecular biology, pre- 
ferably in nucleic acids and havecom-: 
pleted or nearly completed their — 
PhD. ee 


The position is available for up to - 
three years from the date of appoint- 
ment. Travel provision is available... 


Further details concerning thë: 
position can be obtained from DrRH - 
Symons of the Department of Bio- 
chemistry (08) 228 534. os 


Further information about the . 
general conditions of all appoint- 
ments may be obtained from the: 
Senior Assistant Registrar 
(Personnel) at the University. .< > 


Salaries per annum: Resi 
Associate $420,164 x 5 — $23 
Research Fellow: $A23,394 x T 
$30,734. SRE 

Applications, in duplicate, quoting _ 
reference number and giving full per- 
sonal particulars (including citizen- 
ship), details of academic qualifi- | 
cations and names and addresses 0 
three referees, should reach 
Senior Assistant Regis 
(Personnel) at the Universit: 
Adelaide, GPO Box 498, Adel 
South Australia 5001 € 
UNIVAD AA89141), not later 
27 April 1984. A S: 

The University reserves 
not to make an appointm 
appoint by invitation. (W859 




























































Please mention. 
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nowing professorial appointments 
the School of Biological Sciences. 
itions have become available 
fouowmng a review of the School 
carried out in the light of the pending 
fetirement. of Professor C Burdon- 
ones, Professor of Marine Biology 
nd Head of the School of Biological 
ciences, on 31 December 1984. 


The School consists of the Depart- 
_ tents of Botany, Marine Biology 
- and Zoology. Professor D J Griffiths 


Ment of Botany. In future the Head- 
_ Ship of the School will be rotated 
_ among the professorial heads of the 
_ Departments. 

(29345) PROFESSOR OF 
-MARINE BIOLOGY 
_ The teaching and research emphasis 
_ Of the School lies in the field of 
< Tropical Marine Biology. Accord- 
__ ingly, the University seeks to appoint 
@ person with appropriate qualifi- 
: = cations and a proven research record 
-Who will continue with and enhance 
_ the University’s work in this field. 


Mi he appointee will also be Head of 
1e Department of Marine Biology. 

(29346) PROFESSOR OF 

| ZOOLOGY 

Applications are sought from 
_ Suitably qualified persons in any field 
_ of Zoology but particularly from per- 
Sons sympathetic to the University’s 
existing studies in marine, freshwater 
-and terrestrial biology.. The tropical 
location of the University presents 
Outstanding opportunities for 
“research in fields such as Taxonomy, 
Terrestrial, Freshwater and Marine 
_ Ecology, Physiological Ecology and 
Population Biology. 
~The appointee will also be Head of 
the Department of Zoology. 


The salary for the position of 
Professor is currently $A48997 per 
annum. 


i ther information and 
a ation forms are available from 
the occretary General, Association of 
Commonwealth Universities 
(Appts), 36 Gordon Square, London 
WCIH OPF. 

<- Applications close on 11 May 
1984 (W854)A 








PURDUE UNIVERSITY 
DEPARTMENT OF 

= BIOLOGICAL SCIENCES 
POSTDOCTORAL POSITION 
Plant Molecular Genetics 
Pasitionis available to work on trans- 
Papavie elements and tranformation 













lecular biology required. 
Salary starts at $15,000; support 
or 2-3 years. Send ev and 










hree references: 





















Sciences 
ons are invited for the | 













ds the current Head of the Departe 


Mr. Paul A. Smith, Jr. 


ize. Research experience in 










to Dr Jeff |; 
Bi > i 















Laboratory’s Expansion In 
Diagnostic Research 


Allied, a 10-billion dollar diversified company, has madea _ 
major commitment to growth in Human Medical Diagnostics. _ 
This is a new venture focusing on research and development | 
of diagnostic products for human diseases. a 
The following positions are currently available at Instrumenta- o E 
tion Laboratory, Allied’s diagnostic company, located in- cen M 
Lexington, Massachusetts. 


Scientists 
Principal Scientist 


Position involves reagent formulation, stabilization, and optimization. PRD 
in Chemistry with 6-8 years’ experience required. Simplex optimization ` 
methodology background a plus. Job code PLS. 


Senior Scientist 


Seeking a product oriented Senior Scientist with applied (versus theoretical) 
experience in immunology and antibodies. Job code SSC. | 


Biochemist 


Evaluate biotechnologies having application in in-vitro diagnostic testsine co 
cluding immunodiagnostics, monocional antibodies and DNA probes, Design 

or develop diagnostic tests using technology available within IL or at other 
Alied divisions. Guide designs through production phase. MS biochemistry 
with 5-10 years’ experience diagnostics or biotechnology. Knowledge of © 
immunology, monoclonal antibody technology. Job code BCH. 


Senior Scientist 


Ph.D. Biochemist with experience in immunochemistry. This is a bench | . 
chemist position, working on novel immunodiagnostic methodology. Indus- 
trial experience is required. Job code SRS. 


Senior Scientist 


PhD. Biochemist/Immunochemist with experience in coating solid surfaces ee 
including latex particles with antibodies, antigens, haptens or fragments; 00o 
thereof, This is a bench position in an interdisciplinary group. Several years Of 
postdoctoral work required. Job code SSCI. ns 


Senior Scientist 2o 
We seek an individual with 2 years’ minimum hands-on experience operating — 
a florescence activated cell sorter, Background in cell surface immunoflores: 
cence, cell cycle analysis and DNA staining techniques is necessary. Expe oo 
rience screening and sorting hybridomas would be desirable. Responsible. 
for maintenance and calibration of the equipment for own project and that of |: i 
other investigators as well. MS/Ph.D required. Job code SSF | perl 


Senior Scientist 


We seek a Ph.D level scientist to research biological aspects of lymphokines. - 3 Le 
Requires broadbased experience including T-cell hybridoma methodology. © 
Minimum 2 years’ postdoctoral experience. Should include the isolation, oo 
purification and bioassays for lymphokines. Particular interest in TCGF (IL-2) = 
and INF, but not restricted to them. Job code SCL. ee 

forward resume including salary requirements and speci 


fying job code for the position you are interestedinto 




































































Dept. N | 
instrumentation Laboratory 

113 Hartwell Avenue 

Lexington, MA02173 

We are an equal opportunity employer, M/F. 


Instrumentation Laboratory 


























“3 | Salary is on scale 32. o oo 

Nkr. 207 735 p.a. gross, of which Nkr. 3 649 p.a. 

a are paid in pension contributions. 

This chair could, for periods of 5 years, be combined with the 
ubsidiary position as director of the foundation “Det norske 

arboret ("The Norwegian Arboretum”). 


he chair will be appointed on the understanding than any 

hanges in scientific duties, pension or retiring age made by 
law or by the King with the agreement of Parliament are to be 
accepted without compensation. 


Applicants should submit 5 copies of scientific work -- 
published or unpublished — which they wish to be 
considered for the appointment as well as 6 copies of a list of 
sall scientific contributions with information on where they 
were published. Scientific contributions are to be submitted, 
in numbered order and in 5 groups, to the science faculty of 
_. the University of Bergen within one month of the closing 
_— date for applications. Scientific manuscipts in preparation 
-may be submitted within 3 months of the closing date for 
applications provided notice of intent is given on submitting 
the other publications. Applicants are otherwise referred to 
‘the current rules for the procedure to be followed in the 
“appointment of professorships and readerships. 

















: ‘A résumé of the vacant chair can be obtained on request 
_. from: Sekretariatet for Det matematisk-naturvitenskapelige 
fakultet, postboks 25, 5014 Universitetet i Bergen, Norway. 


_ By decision of the collegium applications from women are 
especially encouraged. 


Applications, which must include a complete 
_ curriculum vitae, should be addressed to the King and 
_ be sent together with relevant certificates and one 
| copy of a list of publications to Det matematisk- 
_ naturvitenskapelige fakultet, postboks 25, 5014 
| Universiteteti Bergen within May 18, 1984.  (W849)A 

























































UNIVERSITY OF 
FLORIDA 


FACULTY POSITION 


Applicants are invited for a tenure 
track position (Assistant or Associate 
Professor) in the Department of 
Pharmacology and Therapeutics of 
the College of Medicine, available 
esponsibilities include estab- | September 1, 1984. Applicant must 
“active research program, | have an MD or PhD and demonstrate 
ervision.on the MS level, | the ability to develop an independent 
ng 12 contact hours per research program. Area of research is 
teaching responsibilities unresricted, but preference will be 
robiology for nurses and | given to individuals with interests in 
sesin Biology. Excellent cellular and molecular biology as 
ailable for marine bio- they relate to drug action. 
arch, | 
spointment for 3 years. 
lude round-trip transpor- 
moving expenses for the 
icant and family, 
‘send curriculum vitae, 
esses of three ref- 
of selec 


“UNIVERSITY 

S OF GUAM 
"BIOLOGY DEPARTMENT 
ACULTY POSITION FOR A 
. -MICROBIOLOGIST 
re-track, 9 month position at the 
ant professor level; PhD and 
arch experience essential. 
available beginning August | 










































Rank and salary will be commen- 
surate with level of experience and 
accomplishment. Applicants. should 





























| reprints, brief summary of research 


ererices to: Warren Ross, MD, Box 





, | Gainesville, F} 32610. 






Application 


_ send curriculum vitae, representative 
interests, and the names of three ref- | 


4-267, J Hillis Miller Health Center, — 





deadline — June 15, 












Melbourne, Australia S 
DEPARTMENT OF 
MICROBIOLOGY = 
SENIOR LECTURER f 
Commencement early 1985. 
Applicants should hold a doctorate in 
microbiology or an allied field and 


have established a research capability 


in a branch of microbiology. Duties 
include undergraduate and post- 
graduate teaching, and research. The 
Department has an academic staff of 
15, about 40 research and support 
staff and about 20 research students. 


It teaches science and medical 
students for BSc, MBBS, MSc and 
PhD. Currently the main research 
groups are concerned with aspects of 
molecular microbiology (including 
virology and microbial genetics), 
immunity to infection and microbial 
epidemiology. The Department is 
well equipped for this work. 


Salary: Lecturer — $A23,394 — 
$430,734 pa, Senior Lecturer ~- 
$A31,390 — $A36,585 pa. Enquiries 
to the Chairman. 


Applications including Ref no 
30912, curriculum vitae and 3 
referees to the Registrar, Monash 
University, Clayton, Vic 3168, 
Australia, with a copy to the 
Secretary General, Association of 
Commonwealth Universities 
(Appts), 36 Gordon Square, London 
WC1H OPF, by 1/5784, from whom 
Conditions of Appointment 
available. (W860)A 


UNIVERSITY 
OF GLASGOW 


DEPARTMENT OF 
VETERINARY PHYSIOLOGY 


LECTURESHIP IN 


VETERINARY PHYSIOLOGY 


Applications are invited from 
graduates in Veterinary Medicine, 
Physiology or other relevant 
discipline for the post of Lecturer in 
Veterinary Physiology. The appoint- 
ment will date from ist October, 
1984. a 

The successful candidate will take 
part in undergraduate and post- 
graduate teaching programmes and 


will be expected to be actively — 


engaged in research on some aspect of 


VIROLOGY 
Candidates should hold a P 
or equivalent and have sev 
post-doctoral experien: 
area. The successful can 
join the Division of Virology il 
Department of Pathology and wilit 
expected to contribute to bot 
teaching and research in Virology 


The successful candidate would 
expected to take up appointment ¢ 
soon as possible after 1 October 1984 


Appointment will be for three 
years, with the possibility, for aoe 
University Lecturer of ree. 
appointment to the retiring age or, Eo 
for a University Demonstrators res. 
appointment for a further two years. nas 


The pensionable scales of stipends 3 
are for a University lecturer £9,8758 © 
year, rising by eleven annual inere-:- 
ments to £15,085 and fora University = 
Demonstrator £7,630 a year, rising o 
by four annual increments to £9,424 
There is no grade of Senior Lecture 


Further information about the. | 
duties and conditions of appointment __ 
may be obtained from the Secretary 
of the Appointments Committee for 
the Faculty of Biology ‘B’, 19 
Trumpington Street, Cambridge CB2 
1QA, to whom applications Hè 
copies — candidates resident ove 
seas may submit only one copyh > 
including a curriculum vitae, list of 
publications and the names’ of not. 
more than three referees, should be 
sent so as to reach him not later than 
24 April 1984. (1540)A oo 










r $ i 


THE UNIVERSITYOF 
LEEDS Se 
DEPARTMENT OF BIOCHEMIST 


POSTDOCTORAL 
RESEARCH FELLO!) 


Applications are invited for the — 
above post to study the enzyme haer 
oxygenase in human and othe 
tissues. The work will involve th 
purification of the enzyme “and 
study of its mode of action, partic 
larly in respect of regulation. o 















applied physiology of. domestic | orst 


animals, Major research interests of | 


the department presently include the 


pathophysiology and immunology of |. 


parasitic infections, and gastro- 


intenstinal function and dysfunction. — 


Salary will be within the range 
£7,190-£14,125 on the Lecturers’ 
scale with placement according. to 


age, qualifications and experience. |. 
Further particulars may. be | 


obtained from the 
Personnel Office, Unive 
Glasgow, Glasgow G12 8Q 
applications (8 copies), 


es and address 


thre referees: 
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artment of Cell Biology, 

sity School of Medicine, 
g applications for tenure 
sositions. at the assistant or 
iate professorial levels with a 
ing date no later than December 





lerest in applying techniques 


ling genetic manipulations to 
blems of eukaryotic cell and 
mental are 





























ided research programs and be 
Hing to collaborate with other 
Members of the Department whose 
_ focus of interest relates to membrane 
ucture and function. Involvement 
-in teaching of cell biology-histology 

© medical students and participation 
the supervision and teaching of 
ate students is expected. Candi- 
must hold the degree of PhD or 
-MD and have at least two years of 
_ postdoctoral experience. 


Applicants should submit their 
curriculum vitae, statement of 
_ research and teaching interests, and 
“names of at least three references 
before July ist to: Dr James D 


_ Jamieson, Chairman, Department of 


_Cell Biology, Yale University School 
of Medicine, PO Box 3333, New 
Haven, CT 06510-8002. 


Yale University is an equal 
opportunity/affirmative action 
employer. (NW423)A 


ROYAL HOLLOWAY 
{ COLLEGE 
__ University of London 


~~. POSTDOCTORAL 
‘RESEARCH ASSISTANT 
to. work with Dr R A Dixon 
{Department of Biochemistry) on a 3 
year AFRC-supported project 
involving. studies on the isolation, 
‘acterisation and mode of action 
logenous elicitor molecules 
‘rench bean. Candidates 
ave a strong basic bio- 
al’ background; additional 
se in DNA/RNA hybrid- 
¿techniques or monoclonal 
roduction would be an 
Starting salary up to 
inclusive of London 



































r 2 years to assist with the 
project. Salary on the scale 





an 








1 INSTITUTE 
ndee DD2 SDA 


SCIENTIFIC OFFICER 
A Scientific Officer is required for the 
Chemistry Department of the 
Scottish Crop Research Institute. 


The work of the Chemistry Depart- 
ment is concerned with the estimation | 
of quality factors important in the 
breeding and utilisation of brassica, 

cereal and potato crops. The 

successful candidate will be mainly 

responsible for the routine chemical 
evaluation of brassica breeding 
material. (The work includes the 
| determination of digestibility using 
an enzymatic method and the 
measurement of levels of toxins using _ 
automated wet chemical analysis and © 
capillary gas chromatography. In 
association with a senior officer, the 
appointee will also be expected to 
develop new methods for the assess- 
ment of forage quality.) 


Experience with relevant analytical 
laboratory methods will be an 





TC Avatérng lewronkýg ; 
ELTV TANPOTY TOL axohodday 
Tov AET te Badwisac tov Emxovpov Kadnynrq: © > 


4 8éoers Topéa Evyyedwr Bedniacewy Kav Tewpyichg Mi 
TA TAPAKATH YVOTTIKÅ APTUKEL LEME 7 
. | pe yroorixd avrixet 
Ti6tHTEC tov ESagdv 
P. | pe yrooruxd avrixeipevo: 
KALLQTOAO YC. | 

y. | pe yours avre(pevo: Esagoynpeia. 
5. l pe yeworind avtikeipevo: 


4. Candidates with experience — 


es wevo: Péveon, Taéwvopnen, ver’ 
epts of molecular genetics es! iced 


Fewpyh Metewporoyi 





AvaBpocers Eðapóv ı ar: 


. 3 ésse Topéa Purik 
OPTLKELMEVA; 
a. | pe yvoptkó avriketp 
Aodeverav rwv Pvróv, 
B. I pe yeworks avriucelevo: Pewpyia. 1g 
Y° l pe yooornd avriceipievo: KaMiortonká Purd, Avapdpewooy 
Agoroinon tov Toriov pe Owoioyiká Kprrýpia. 


s Hapaywyhç, pe ta TAPAKÁT 


evo: Katatokép non tov. Mirt À 
ndependent, externally ee 


Ot vrophgroi yea tH KaTaANON tov Yécewr avtadv, wpétEL va 
py ETLOTHLOMK SpacpLdtTnTA ora 


Initial appointment will be to the 
existing facilities at Pentlandfieid, 
Roslin, Midlothian, with later 
transfer to a new laboratory to be 
sited near Dundee. 


Qualifications: 
HNC or pass degree or equivalent in 
Chemistry or Biochemistry. 


TA VÕLA TMPOFÓVTA, pe LOtaiTeE 
AVOTEPY YVOTTKÁ avTiKEtmeEva. 


EVOL va vTOBdAOUY orm I pappareia TO 
LOTLKH poleria ThLdvTa NEpOv (30) ari 
NE THS MpoKHpvéns avtyc ornv Egnpepiba 


Karotvrat ov evitagend 
Tuńuartoç péca oe anokie 
THY yvépa tyg Snporieve 
tae KuBepunons, airnon vnrodneiétytac Mati pe Ta axapat 
SikaorcoynTiKd rov Ya ta pavour and ti Coappareta. ae 

Emeh dev eivar yowory q nep/via ônpooievons orny Eonpepiba 
TS KoBéprnong, mapaxadhotpe káðe evõapepóuero va Bpioxerar ge 
cuvexh eTapy pe TH Cpappareta rnd, 3461-281 kar 3454-240,-—-{ W863)A 


Within the scale £5,682 to £7,765 per 
annum according to qualifications 
and experience. 


Non-contributory 





SRR NAPA AHNI CGH aiaa raaa 


UNIVERSITY OF 
EDINBURGH 


“The Civil Service is an equal 
Opportunities employer”. 


Application forms and further 
particulars of the post may be 
obtained from Mrs J A Shepherd, the 
Personnel Officer of the Institute and 
should be returned by 11 May. 


DEPARTMENT OF ZOOLOGY 


POSTDOCTORAL PROTEIN 
CHEMIST, BIOCHEMIST OR 
IMMUNOCHEMIST 






MEULIT AETA aAa i nin n aa 


UNIVERSITY 
OF LIVERPOOL 
SCHOOL OF DENTAL SURGERY 


CELL BIOLOGY: 
BIOLOGICAL SCIENCES 
Applications are requested for a 

position of post-doctoral 


SENIOR RESEARCH 
ASSISTANT 
to work in a team investigating the 
biochemical/cell biological aspects 
ponse to prosthetic 
materials used in surgery and 
dentistry. Candidates must possess a 
PhD in an appropriate biological 
science such as cell biology or 
biochemistry. The work willinvolvea 
wide range biochemical, cell culture, 
histological and microscopy 


required to work on biochemical 
characterisation of antigens of 
human malaria parasites and to assist 
with development of immunoassays 
for detection of response to defined 
antigens. Candidates should be 
familiar with PAGE and immuno- 
blotting, peptide mapping, use of 
radioisotopes and protein purifica- 
tion procedures. Monoclonal anti- 
bodies for the project are ‘available 
! s experience in parasitol- 


_ tein biochemistry, agt 


and previous 
| Ogy is not necessary. 


| The post is funded by the World 
Health Organisation and is available 
immediately, initially for one year, 
with the possibility of renewal for up 
to three years. The salary will be 

| within range £7190 — £11615 accord- 
ing to age and experience. 


Applications including CV, 
research experience and names of two 
referees should be sent to The 
University of Edinburgh, 
Old College, South Bridge, 
ae EH8 9YL not later than 19 





of the tissue res 








The post is available for a 
maximum of two years. Initial salary 
in the range £7,190 — £8,530 per 















Applications, oe 


names of three 3330 Hospital Drive | 
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Positions in = 
Diabetes Research 
The Julia McFarlane DIABETES 
RESEARCH UNIT at.The Univ 
sity of Caigary seeks new faculty 
members with expertise in: = 
1) Peptide chemistry, in y 
peptide synthesis; 2) G 














applied to studies of diab 
microangiopathy: and 3) 
ular biology of the g 
dates must be qualifie 
pete for funds from: th 
Heritage Foundation 
Research or the Med 

























dian immigration req 
this advertisement is 
Canadian citizens anc 
residents. Deadline for receip 
application is Septem 
Please send curriculum vit 
names of three referees to: 


Dr. D.A.K. Roncari 
Julia McFarlane Diabetes 
















Research Unit - 
Faculty of Medicine 
Health Sciences Cen 
Room 2559 nA 
















Calgary, Alberta, Car 
































s Division | 7 
| as a remit to study the 
yhysical and engineering principles that underlie the 
srocessing of food. Applicants are invited for the following 
post: 2 ja | 

© HIGHER SCIENTIFIC OFFICER/ 
SENIOR SCIENTIFIC OFFICER — 

| INTERFACE OFFICER 


A scientist is required to initiate research in a new area 
concerned with characterization of the properties of food 









he Process Physics Division t 


“components and micro-organisms at interfaces. The 
successful candidate will spend the first year of appointment 
: atthe Cavendish Laboratory, Cambridge, to gain experience 
of techniques used to characterize absorption and the 
interactions between surfaces. 
Qualifications 
A first or upper second class Honours degree in an 
appropriate scientific discipline, preferably with a Phd or 
equivalent relevant experience. At least 2 years relevant 
post-graduate experience is required for HSO grading; 4 
years for SSO. 
Salary scales 
- Senior Scientific Officer £8,970-£11,476 

Higher Scientific Officer £7,149-£9,561 
: Non-contributory superannuation scheme. 
7 The Agricultural and Food Research Council is an Equal 
o Opportunities Employer. 
Further particulars and application forms from the 
Secretary, Food Research Institute, Colney Lane, 
Co Norwich NR47UA, quoting reference no. 83/2. 
Closing date: 13th April 1984. (1560)A 

























DIRECTOR 
CATALINA MARINE 
-= SCIENCE CENTER 


„University of Southern California through 
the institute for Marine and Coastal 
Studies, is seeking a fulltime Director for 
| its marine laboratory on Catalina Island. 
| Responsibilities include aiding the 
| development of research in three areas: 
1 (1) neurobiology, utilizing squid and 
= j organisms which produce neurotoxins; 
EE (2) marine econology and physiology; and 
E į (3) oceanography, coordinating the 
fi | teaching of graduate and undergraduate 
_ ff} students, and managing the physical 
< c § f plant. Available in fall 1984. Appointment 
E f will be in IMCS with affiliation with an 

F academic unit of the University. Pref- 
-E | erence will be given to applicants with an 
active current research program. Salary 

§ | based on experience. Send résumé and 
C LE Pnames of three references who may be 
_ ff} contacted for professional evaluations. 

: B Contact: Dr. James N. Kremer, Chairman, 

<E f Catalina Coordinating Committee, Depart- 

| ment of Biological Sciences, University 
| Park, Los Angeles, CA 90089/0371. E 
o -o (NWABA a 

























































































































SERC DARESBURY LABORATORY ` 


SENIOR RESEARCH 
ASSISTANT 
Synchrotron Radiation Studies 
of the Structure of Cytochrome 
C, 
Applications are invited for this post, 
which is jointly funded by MRC and 
SERC, with the dual purpose of pro- 
moting protein crystallographic 


| research and supporting users of the 


synchrotron radiation facility. The 
Senior Research Assistant, working 


| at Daresbury Laboratory, will assist 


Dr J R Helliwell, with developing and 
running the protein crystallography 


_work stations and will take part in the 


X-ray crystallographic study of the 
reduced form of the bacterial protein 
cytochrome C, in association with Dr 
Marjorie Harding, Liverpool 
University, and Dr Lindsay Sawyer, 
Napier College, Edinburgh. 
Candidates should have a PhD 
degree in protein crystallography, 
experience with synchrotron radia- 
tion and/or computer programming 
will be an advantage. 


The post is tenable from 1 May, 
1984, for three years, at an initial 
salary in the range £7,190 — £8,080 
per annum. 


Applications, together with the 
names of three referees, should be 
received as soon as possible by the 
Registrar, The University, PO Box 
147, Liverpool L69 3BX, from whom 
further particulars may be obtained. 
Quote Ref: RV/259/N. (ISSA 


POSTDOCTORAL POSITION 
available immediately for recent PhD 
with experience in protein isolation 
and characterization and/or 
immunochemical experience (eg 
radioimmunoassay, elisa) and/or 
hybridoma experience to join a lab- 
oratory involved in metallothionein 
studies. Send cv and names of three 
references to Dr Justine S Garvey, 
606 Biological Research Lab- 
oratories, Syracuse University, 
Syracuse, New York 13210. Syracuse 
University is an equal opportunity 
employer. (NW42DA 





UNIVERSITY OF 
NOTTINGHAM 
DEPARTMENT OF GENETICS 
POSTDOCTORAL 
RESEARCH ASSISTANT 
A Post-Doctoral Research Assistant 
is required for a three year, AFRC- 
funded project to characturise 
mobile genetics elements in plants of 

the genus ALLIUM. 

Applicants should be experienced 
in DNA cloning and sequencing 
techniques. The appointment will be 
made on the University 1A scale. 

Applications (including curriculum 
vitae and the names of 2 re 








| a permanent appointment, 


curriculum 


ferees) to |. 
S o Department. of | © 















LECTURES 
PHARMACEUTIC 
TECHNOLOGY ~ 

“New Blood” Post. 
(Readvertisemen 
Applications are inviti 
Pharmacists, Chemis 
physicists, or Chemical Eng 












immediately and funded | 
UGC's “New Blood” initiat 
which the primary role in th 
years will be to contribute to the v 
of the research team led by Profe 
B W Barry. T 
Applicants should nor 
possess a PhD in the pharmac 
sciences or relevant discipline { 
as physical or colloid chemistry; b 
physics or chemical engineering) an 
have a keen interest in applyin 
physical pharmacy/physica 
chemistry principles to fundamenta 
investigation on (a) the release and 
absorption of drugs from. dosage — 
forms, (b) novel drug delivery 
systems or (¢) colloidal aspects © 
drug aggregation. een 


Salary will be on the Lecturer i al 
£7,190 — £14,125 pa. 


Further particulars and appli. 
cation forms obtainable fromthe | 
Personnel Secretary, Post Ref: 
PT/NB/N, University of Bradford, _ 
West Yorkshire BD7 1DP. Closing | 
date 13th April 1984. (1S26)A 


art 














POSTDOCTORAL POSITION | 
available immediately to study 
endotoxin-induced uveitis: Back- 
ground in ocular physiology, 
immunology, inflammation and/or . 
neutrophil function preferred. MD _ 
or PhD. Send CV to James T Rosen- - 
baum, MD, Kuzell Institute. for 
Arthritis Research at Pacific Medical _ 
Center, 2200 Webster Street, R305 _ 
San Francisco, CA 94115. 

(NW42 





IMMUNOLOGY FACUI 
POSITION `> 

Tenure Track, at either Assist 
Associate or Full. Profe 
Department of Microbiology, So 
western Medical School, F 


Areas of particular interes 
molecular genetics, € 
immunology and cell clon! 
and salary open. Curren 
faculty are: Drs. Capr 
Kettman, Lipsky, Sulliv 
Uhr, Vitetta, and Wass 


Applicants sh« 
vitae, ¢ 


intere 


research 

















































; PATH BLOOD’ 
APPOINTMENT 


ons are invited for 


nt as University Lecturer 


iver ity Demonstrator to take 
‘appointment as soon as 
ible. Applicants should be not 

than 35 years of age, and have 


D. degree or equivalent. The | 
ssful candidate will be 


pected to develop a research 
oj t related to pathogenesis or 
munity to microbial infection, or 
th, will join. an active group 
orking in this field, and will be 
‘pected to.contribute expertise in 
genetic techniqes and gene 
cloning. 


The appointment will be for three 
ars; with the possibility, for a 
University Lecturer of re-appoint- 
ment to the retiring age or, for a 
Jniversity Demonstrator, re- 
mpointment for a further two 
ars. The scales of stipends are for 
University Lecturer £9,875 to 
£15,085 and for a University 
Demonstrator £7,630 to £9,425. 


Further information about the 
duties and. conditions. of 
appointment may be obtained from 
e Secrerary of the Appointment 
ommittee for the Faculty of 
iology “B’, 19 Trumpington 
treet, Cambridge, CB2 10A, to 
hom: applications (12 copies — 
plicants resident overseas. may 
ibmit only one copy), including a 
rriculum vitae, list of publications 
and the names of not more than 
three referees, should be sent so as 
oreach him not later than 25 April, 
; (1523)A 


-© PUBLIC HEALTH 
- LABORATORY SERVICE 
BOARD 


CENTRAL PUBLIC HEALTH 

“LABORATORY, COLINDALE 

DIRECTORS EXPERIMENTAL 
~~ LABORATORY 


SDICAL LABORATORY 
AENTIFIC OFFICER 
quired for work on immune 


This Chair forms part of the formalized Sollaharative association: 
between the Leiden State University and the Delft Technical Univ 


sity in the field of biotechnology. 


This collaboration agreement m 


kes provision for the Delft Technical University to contribute the o 
subject of Applied Enzymology in particular. 


Your teaching duties 

in the first instance you will be 
responsible for the first phase 
curriculum lectures Biophysics | 
and Il and Applied Enzymology. 
In addition you will make a con- 
tribution to the second year 
practicum Biophysics and you 
provide co-operation related to 
theses, graduate and degree 
subjects. 


Your research function 

This function operates in the 
field of applied enzymology, 
especially the aspects of apply- 
ing enzymes in technological 
processes. You provide leader- 
ship to the research group that 
is active in the area of enzymo- 
logy, in particular that of PQQ 
dehydrogenases. Co-operation 
with the groups microbiology 
and bioprocess-technology 
forms an important feature of 
this research. Participation ona 
wider scale in the collaboration 
with Leiden University is a requi- 
rement. 


Organizational duties 

You are expected to be prepared 
to adopt managerial and organi- 
zational duties, in the first in- 
stance within your own vocatio- 
nal group and later also in the 
department or in the collaborati- 
on structure. 


Desiderata and emoluments. 

Only a biochemist with ample. 
_ experience in the field of enzy- = 

mology and its applications will A 


be capable of performing all the- 


se tasks well. An ambitious ef-.. 
fort in the educational andre- == 
search field is essential in order 
to provide substantial assistan- 
ce to the group Biotechnology = 
of Delft University within the De- 


partment of Analytical Technolo- me 


gy and within the collaborative 


Structure with Leiden University = 
Remuneration is in accordance = 
with governmental standards, on = 


the scale of university lecturer... 


For additional information you 
may telephone Prof.Drs, P.A. 
schenck, telephone 31 15 
781906 or Prof.Dr, J.G. Kuenen, 
chairman of the vocational 
group microbiology, telephone 
31 15 785308. 


if you wish to apply for this po- 
sition, or to draw attention to ~ 


suitable candidates, you are re- = 


quested to contact the chairman 
of the appointments committee, 
Prof.Drs. P.A. Schenck within ~ 
four weeks. The address is: c/o 
the Secretariat of the Depart- 
ment of Analytical Technol logy, 
Julianalaan 136, 2628 BL Delft, 
the Netherlands. 


Please enclose a curriculum ve 


tae and a list of publications — 
wee an PPP ication: 


OF TECHNOLOGY l 


o infection. Experience on 
ology desirable, but training 
imuno-assay and cell 


(W850) A 
logy techniques will be ; 


her information may be 
oe the £ Direcior Central 





je recherches Canada 


_ (Saskatoon, Saskatchewan) 


The Plant Biotechnology Institute carries out 
‘research in plant molecular. biology, plant cell 


‘technology, microbial and plant biochemistry, 
industrial biotechnology and bio-organic 
chemistry. The current staff of 100 will expand to 
“420 during 1984. 


An experienced Scientist is required to lead NRC's 
“research project in plant molecular biology at the 
"4 alant Biotechnology institute in Saskatoon. Project 
< emphasis will be on molecular genetics and genetic 
engineering of higher plants. 


"Responsibilities will include: assisting in building up 
and co-ordinating a full-time research group of at 


igast 10 staff, plus some visiting research workers 

-and graduate students from Canadian universities; 
“participation in the research studies; and other 
“normal responsibilities of NRC staff members. 


< The. successful candidate will have a doctoral 
degree in some branch of biological sciences, many 
years of experience in plant molecular biology 
research with an internationally recognized record 
_ of publication in his/her field, and proven teamwork 
abilities. Knowledge of the English language is 
essential for this position. 


Salary will be commensurate with qualifications. 


Apply in writing to the Employment Officer, 
‘National Research Council of Canada, 
Ottawa, Canada, KIA OR6. In reply, 
please quote PBI-83-11-NA. 

(NW427}A 


d.. 


Canada 


JE UNIVERSITY OF 


COVENTRY (LANCHESTER) 


THE UNIVE! ITY O 
AUCKLAND | 
New Zealand 


LECTURESHIP IN 
COMPUTER SCIENCE 


Applicants must be suitably qualified 
with a higher degree in Computer 
Science or a closely allied subject and 
should have teaching and research 
interests in one or more of computer 
architecture, systems software, 
computer networks, programming 
languages, computational complix- 
ity, numerical analysis, artificial 
intelligence, computer graphics, 
database systems, software engineer- 
ing. 

Commencing salaries will be estab- 
lished within the appropriate scale. 


Present salary scales are: Lecturers 
N7$21,660 — £25,684 per annum. 
Conditions of Appointment: and 
Method of Application are available 
from the Assistant Registrar, 
(Academic Appointments), Univers- 
ity of Auckland, Private Bag, 
Auckland, New Zealand, or from the 
Secretary General, Association of 
Commonwealth Universities 
(Appts), 36 Gordon Square, London 
WCIH OPF; Applications in accord- 
ance with Method of Application 
should be forwarded as soon as 
possible but not later than 30 April 
1984, (W864)A 


apanaman iramae SA a a A a ai Aaaama AAAA 


POSTDOCTORAL POSITION: 
Available May 1984 to develop and 
investigate the use of monoclonal 
antibodies in studying neuropeptide 
synthesis and/or receptor inter- 
action. Experience in hybridoma 
technology required. Excellent 
opportunities for research in neuro- 
endocrine regulation in this new, 
well-equipped Endocrine Research 
Laboratory. Please send curriculum 
vitae and two references to: Ivor 
Jackson, MD, Director, Division of 
Endocrinology, Brown University, 
Rhode Island Hospital, 593 Eddy 
Street, Providence, Rhode Island 
02902. EEO/AA. (NW413)A 


priarinait baiiian aneminin 


DEPARTMENT OF PATI 
POST-DOCTO 
POSITION : 
The Uniformed Service 
of the Health Sci 
applicants for a ] 
position in the Departm 
Pathology to work with D 
Chang and Robert M Fri 
the modulation of huma 
expression by inte 
Candidates should have a P 


' related professional degre 


training and experience in mo 
biology and recombinant DN, 
nology. Level of salary wi 
commensurate with training 
experience. Interested candi 
should submit curriculum ' 
bibliography, and names of” 
professional references by 13 

1984 to Dr Robert M Friedm 
Chairman, Department. 
Pathology, c/o Personnel. Division, 
USUHS, 4301 Jones Bridge Road. 
Bethesda, MD 20814...” 
Uniformed Services University of th 
Health Sciences an 
opportunity/affirmative -acti 
employer. (NW 395) 


CELL BIOLOGIST, Researe 
Faculty Position: University of 
Nebraska Medical Center. PhD. ce 
biologist or biochemist with at least 
two years of postdoctoral experien 
Individual will play a major role in an 
ongoing, broad research program 
membrane biogenesis and the role 
the cytoskeleton in the liver. Sal 
competitive and flexible depending 
on qualifications. CV to Dean J 
Tuma, PhD, Liver Study Unit, | 
Medical Center, 4101 Woolwo 
Avenue, Omaha NE 68105. An Eq 
Opportunity/Affirmative Action 
Employer. (NW406)A © 


POLYTECHNIC 
DEPARTMENT OF GEOGRAPHY 


RESEARCH ASSISTANT 
£5649 — £7395 


cations are invited from men | Required to undertake research into 
men with veterinary qualifica- | Quaternary palaeoenvironments on 
Jersey using stratigraphical and 

 palaeontological techniques. 


The research in supported by the 

Jersey Heritage Trust and National 

| Environment Research Council and 

1. is supervised by Dr R Jones and Dr D 

Keen. The post is available from Ist 
June 1984 until 31st August 1985. 


- SHEFFIELD 
DIRECTOR OF ANIMAL 
-0 WELFARE 


GUY’S HOSPITAL MEDICAL | THE UNIVERSITY COLL 
AND DENTAL SCHOOLS OF WALES |. 
(United Medical and ABERYSTWYTH 
Dental Schools) o 


LECTURESHIP IN 
ORAL IMMUNOLOGY 


Applications are invited from 
persons with a medical or dental l 
qualification and/or a doctorate in | Applications are invited for 
immunology. Experience in teaching of Post Doctoral Research 
and research in immunology or | salary scale Grade 1A and 
microbiology is essential. Salary | Technician, salary scale Grad 
according to experience in the scale 
va £9,490 — £16,440 plus £807 London 
| -Candidates should possess a | Allowance and Superannuation. 
a roe | doctorate or post-graduate ai ble f 
at the- | experience with expertise in pollen | , The post is tenable for 3 years, im 
active | analysis. Competence in plant the first instance, starting Ist August 
zi _macrofossil and/or diatom analysis 1984. 
would be advantageous. 


‘Details from Personnel Officer, 
| Coventry (Lanchester) Polytechnic, 
| Priory Street, Coventry CVI SFB. 

ease enclose a large self addressed 
ype). Closing date Monday, 9th 


DEPARTMENT OF BIOCHEMI 
AND AGRICULTURAL © 
BIOCHEMISTRY _ 





| ! niversita Berlin 
ist folgende Stelle zu besetzen: 


Fachberreich Biologie 





Institut fiir Pflanzenphysiologie und 
Zellbiologie 





| Aufgabengebiet: cous 
$ Botanik ( Pflanzenphysiologie). Forschung auf dem Gebiet der Pflanzenphysiologie und Beteiligung f 

a ander Ausbildung der Studenten im Grund-, Haupt- und Aufbaustudium in Botanik (Schwerpunkt 
..Pflanzenphysiologie). | he E 






Einstellungsvoraussetzungen: oot 
134 BerlHG. Der/Die Bewerber/in sollten in internationalem Rahmen in der Forschung $ 

§ ausgewiesen sein; sie sollten in der Lage sein, ein möglichst breites Spektrum des Faches in f 
-Forschung und Lehre zu vertreten. of 


I Bewerbungenmit den üblichen Unterlagen sind innerhalb von 6 Wochen zu richten an die 2 : 
| Freie Universität Berlin, Fachbereich Biologie, Institut fiir Pflanzenphysiologie und f 
_- Zellbiologie, Königin-Luise-Str. 12-16 a, D-1000 Berlin 33. (w853A ä f 





THE OPEN UNIVERSITY 


mae CLINICAL RESEARCH CENTRE RESEARCH ASSI STANT/ FELLOW ; : : 





NORTHWICK PARK HOSPITAL) | 2 
-WATFORD ROAD, HARROW, OXFORD RESEARCH UNIT He 
_ MIDDLESEX, HA1 3uUJ Applications are invited for a three year post as either research assistant If 

| eae or research fellow (depending on qualifications) within the Oxford Gf 
= POST DOCTORAL FELLOW Research Unit of the Open University. _ aOR 
EREE e, aaa The person appointed will join a small Research Group working ont 

_ Applications are invited fr om Science Graduates for a 3 year Post- f| EF molecular mechanism of muscular contraction. The main tec 

te Doctoral MRC appointment to join a group working on the Aetiology of | used is X-ray diffraction and experiments invalving both living 

the Acquired Immune Deficiency Syndrome (AIDS). The work will be. | ing muscles studied ina time-resolved mode and preparations in vario 

_ Conducted in the Dept. of Medical Micr obiology, St. Mary’s Hospital | Static states. X-ray and mechanical data are fed intoa PDP 11 comput 

_ Medical School and in the MRC Laboratories of the Jefferiss Research which is programmed in FORTRAN. cia 

_ Wing, adjacent to the hospital. Preference will be given to graduate physicists with some experient 

ree of electronic detector systems and an interest in their application 

~~ Previous experience in handling Cell Cultures and Pathogenic Agents: biological systems. Seen. 

essential, and candidates with expertise in immunological and The appointment will be made either on the Research Assistant 

fological techniques will be preferred. Salary scales are related to grade £6310 — £8530 p.a. or on the lower part of the Research Fe 

ose for University-clinical Academic Staff and salary on appointment. 1A grade £7190 — £11615 p.a. depending on the qualifications. 

ill depend on age and experience. . funded by a Medical Res 

Ao RR nei yand will run for three years; 















5 Informal enquiries may be made to Dr. D. J. Jefferiss (01-927 1557) or ti available immediately. a 
‘Dr D. Tayior-Robinson (01-864 5311 ‘Ext. 2675) under whose joint -E HH Application forms and further information can be obt 
‘supervision the project will be conducted. .§ |} The Assistant Secretary (Science) (4718/3), The Ope 
a sw he l -f| || Walton Hall, Milton Keynes, MK7 6AA, or telep 
escription available from Miss J. f| [Keynes (0908) 653481 or 653993: there is a 24-hot 
ce, 01-864 5311, Ext. 2673, reference f|- ce on 653868. J 
April1984. 2 o AI52PA FA losing date for applications: 9th April, 















~~ Regius Chair of Med 
vacant on 1 April 1985. It! 


professional standing and excellence in w 
Professor should have the capacity and the motivation for a 





role in 


leadership in the Department of Medicine, in the Faculty of 


Medicine and in the University as 


a whole. 


A note of the Conditions of Appointment and Further Particulars 


may be obtained from: 


The Secretary. 
Scottish Education Department, 
Room 3 114, 

New St Andrew's House, 
EDINBURGH EH1 3SY. 


Five copies of applications, accompanied by the names of 
three referees, should be sent to the above address toe yl 
1293 


1984. 


enactments TC A A 


















Gießen, referring to Az. K-12. 





Justus-Liebig-University Gießen 
Federal Republic of Germany 
School of Medicine 
Department of Virology 
Applications are invited for the tenured position of 


PROFESSOR (C3) 


to cooperate in ongoing research within an established group 
(Sonderforschungsbereich 47) in the field of regulation and function of 
oncogenes, in particular from retroviruses. Candidates should have 
considerable knowledge of these systems and have experience in the 
application of recombinant-DNA techniques. The institute is weil 
equipped and includes an electron-microscopy unit, microinjection 
facility and L3-containment laboratory. Suitable scientific 
qualifications are the only prerequisite for appointment. 

Applications including cv, reference list etc., and names of two 
referees should be sent before 1 May 1984 to: The President of 
the Justus-Liebig-Universitat Gießen, Postfach 111 440, D-6300 


(W857)A 


H a 


THE UNIVERSITY 
OF GLASGOW 


POSTDOCTORAL 
RESEARCH ASSISTANT, 
BIOCHEMIST 


. Biochemist, postdoctoral or 
equivalent, required to assist with 
ollaborative project in the Depart- 
ments of Zoology and Chemistry, 
nvestigating toxin production and 
he induction and suppression of 
ellular immunity in insects by a 
pathogenic fungus. 



















<The appointment, funded by the 
AFRC, will be on Range 1A of the 
cales for Research & Analogous 
staff (starting salary £7,190 pa) and 
will be for 3 years from Ist October, 








“For further details, send curri- 
ulum vitae and names of two 
‘eferees to Dr A M Lackie, Depart- 
ment of Zoology, University of 
Glasgow, Glasgow G12 8QQ. 

tt eply please quote Ref No 





(IS4QA TF 


ALTON OCHSNER 
MEDICAL FOUNDATION 


MOLECULAR BIOLOGY 
CELLULAR IMMUNOLOGY 


The Alton Ochsner Medical 
Foundation and the Ochsner Clinic 
seek candidates to direct two major 


laboratory initiatives in the areas of 


molecular biology and cellular 
immunology. These staff positions 
require persons with an MD or PhD 
background and with expertise in one 
or another of these two areas of 
fundamental research. 


Adequate space and generous 
start-up funds will be provided to 
each laboratory. Any interested 
applicants should forward a letter of 
interest, curriculum vitae and biblio- 
graphy to Richard N Re, MD, 
Chairman, Search Committee, Alton 
Ochsner Medical Foundation, 1516 
Jefferson Highway, New Orleans, 


Louisiana, 70121. The Foundation 
and Clinic are Equal Opportunity/ 


| Affirmative Action BERST, ae 


WA20)A 














WCASTLE UPON TYNE | 


DEPARTMENT OF | 
BIOCHEMISTRY 
LECTURER 


ications are invited for a newly 















established Lectureship in Bio- 
chemistry to be held in the Faculties 
of Science and Medicine and located 
in the Department of Biochemistry 
(Faculty of Science). We are seeking a 
biochemist with experience in 
eukaryotic gene cloning who wishes 
to pursue a research programme 
involving the use of that expertise. 
Facilities are already well established 
in the department for prokaryotic 
gene cloning and sequencing. 


Salary will be at an appropriate 
point on the Lecturers’ scale, £7,190 
to £14,125 pa according to age, quali- 
fications and experience. 


Further particulars may be 
obtained from the Senior Assistant 
Registrar, (Establishments) (FP), 
The University, 6 Kensington 
Terrace, Newcastle upon Tyne NEI 
TRU, with whom applications (3 
copies) together with the names and 
addresses of three referees should be 
lodged not later than 16th April, 
1984, Please quote reference N. 


physiology, an 
teaching of an integrated cell biok 
or biology of organisms course. 


















physiology, particularly in respect of 
algae, bacteria or fungi. The appomt= 
ment will be in the first instance for3 
years, with a maximum tenure of 5... 
years. The salary is on an incremental. 
scale rising from £7,630 to £9,425 per- 

annum. ce 


Applications with names of two. 
referees should be sent by 31 May” 
1984 to the Secretary of the Faculty of: 
Biology ‘A’ Appointments i 
Committee, Department of Zoology, 
Downing Street, Cambridge CB2 
3EJ, from whom further details can ` 
be obtained. (1544) A 






































(1524)A 
ALABAMA NATIONA 

CYSTIC FIBROSIS BASIC f 

RESEARCH CENTER == 
The Schools of Medicine ane 
Dentistry are seeking 4 ‘senior | 

individual to develop a strong 
WASHINGTON STATE Cystic Fibrosis Basic Science | 
UNIVERSITY Research Program. The principal) 
INSTITUTE OF focus of this Center will: bel 
molecular and cell biology with the 

BIOLOGICAL CHEMISTRY purpose of understanding the basic 
POSTDOCTORAL POSITION etiology and pathogenesis of the 











disease. Nomination, curricula: 
vitae, and application should be 
submitted to: Antonietta D. Hyche,. 
Administrative Officer, University. 
of Alabama School of Medicine, 
Dean's Office — MEB 306, 
Birmingham, Alabama 36294. An 
Equal Opportunity/ Affirmative | 
Action Employer. (NW383)A |) 








Structure and regulation of 
expression of genes involved in lipid 
metabolism. Send CV and three 
letters of recommendation by May 
15, 1984, to Dr P E Kolattukudy, 
Institute of Biological Chemistry, 
Washington State University, 
Pullman, WA 99164-6340. An 
Affirmative Action/Equal 
Opportunity Employer. 
(NW3I90)A 


































UNIVERSITY 
OF LONDON 


CHAIR OF GEOPHYSICS AT 
THE IMPERIAL COLLEGE 
OF SCIENCE AND 
TECHNOLOGY 


The Senate invite applications for the 
above Chair. 


_ The Professor appointed will take 
charge of teaching and research in 
geophysics and provide leadership in 
developing the science and appli- 
cations of geophysics. 


Applications (ten copies) must be 
received no later than 31 May 1984 by 
the Academic Registrar (N), eect 
University of London, Malet Street, | j- a) 

London WC1E 7HU, from whom : 








































EC URESHIPS 


_ research are essential, 









__ KENNEDY INSTITUTE OF 
RHEUMATOLOGY 


Applications are invited for 2 posts in 
othe Divisions of Biochemistry as part 
-Oka group investigating transfer of 
osomal enzymes between cells. 


: Jostdoctoral research assistant is 
| redlired for a 2 year project funded 
by the Wellcome Trust to isolate 
“neuronal and glial cells and to 
measure uptake of radiolabelled 
_ lysosomal ensymes into them. Exper- 
- yence in cell culture preferably of cells 
: from nervous tissue would be an 
advantage. Starting salary according 
_ to age and experience up to £10,161 
-including London Allowance. 














__ ii) A post-doctoral research assis- 
tant is required for a period of 18 
months to complete a project funded 
_ by Action Research. This involves 
_ production of species specific mono- 
- clonal antibodies and their use to 
localise transferred enzymes in 
recipient cells. Starting salary 
- according to age and experience up to 
£9716 including London Allowance. 


Applications, together with the 
of 2 referees should be sent to: 
The neral Secretary, Kennedy 
“Institute of Rheumatology, Bute 
Gardens, Hammersmith, London 
—W6TDW. (1565)A 















STDOCTORAL POSITION: 
ilable immediately to isolate and 
aracterize neural peptides from 
rtebrate brain tissue in this NSF 
t-supported research. Candi- 
dates should have a strong back- 
ound. in chemistry with experience 
most of the following techniques: 
RIA column chromatography, 
IRAC, gel electrophoresis, iso- 
focusing and amino acid 
alysis. Excellent opportunities for 
earch in comparative neuroendo- 
ne regulation in this new, well- 
uipped Endocrine Research 
iboratory. Please send curriculum 
ac and two references to: Ivor 
MD, ee Pion of 





















THE UNIVERSITY OF LEEDS 
DEPARTMENT OF EARTH SCIENCES ©. 


VO POSTS OF LECTURER 
2. Geochemistry or Mineral Chemistry] 


For the first post we are seeking a field-orientated geologist with 
a broad view of the subject. Applicants with interests covering 

= the broad spectrum of regional and structural geology are sought 
- for this post. Expertise in, and enthusiasm for field teaching and 


~ For the second post qualifications and special interests in 

=. sedimentary or metamorphic processes are required. Applicants 

- with interests in stable isotopes, or experience in applied 

=> geochemistry will be particularly welcome. 

ay on the academic scale for Lecturers (£7190 — £14125) 

_§ according to age, qualifications and experience. 

| Application forms and further particulars may be obtained 

 § from the Registrar, The University, Leeds LS2 SJT. quoting 
reference no.49/29 for post 1 and reference no.49/30 for post 2. 

‘Closing date for applications 25 April 1984. {1566)A 


UNIVERSITY 
OF BIRMINGHAM 
Faculty of Medicine 

and Dentistry 


DEPARTMENT OF 
MEDICAL MICROBIOLOGY 


THREE RESEARCH POSTS 


are available one at Postdoctoral 
level to work on a project concerned 
with molecular and genetic aspects of 
herpes viruses. 


The appointments are for two 
years. Salary on Scale Research 
Fellow IA £7,190 — £11,615 
Research Associate 1B £6,310 — 
£8,530 with superannuation. 


Further information from Dr A 
Buchan 021-472 1301 ext 2715. 
Applications (3 copies) to Assistant 
Registrar, Medical School, 
Birmingham B15 2TJ by 20 4 84. 
Quote ref R/MM/PC. (1548)A 


POSTDOCTORAL 


position available May 1, 1984 or 
later for work on the biochemistry 
and molecular biology of blood 
coagulation. Experience in 
enzymology, separation techniques, 
and immunochemistry would be 
helpful but not essential. 


Send curriculum vitae and names 
of three references to: Dr Wiliam 
Konigsberg, Department of Mole- 
cular Biophysies and Biochemistry, 
Yale University, PO Box 3333, New 
Haven, CT 06510. 

(NW378)A 


NEW YORK MEDICAL 
COLLEGE 
DEPARTMENT OF 
PATHOLOGY 

Position immediately available for 

POST DOCTORAL FELLOW 
Studies involve cell biology of 
pulmonary type H cells and P450 
isozyme studies. 


Position may lead to full time 
tenure track position in the 
department, Send cv to Yutaka 
Kikkaw, 


E. Son 










MD, Professor & | 

Chairman, Dept of Pathology, New - 
York Medical College, Basic Science. |. 
Bldg, Valhalla, New York 10595. 











‘Geolog jy 
fueis. 


benefits. 


a very considerable advantage. 


| Closing Date: 13th April 1984. 


LECTURES 


ROYAL SOCIETY 
OF MEDICINE 


SECTION OF CLINICAL 
IMMUNOLOGY AND 
ALLERGY 


Lectures to be given by Dr John 
David, Burroughs Wellcome Visiting 
American Professor, to the Royal 
Society of Medicine, London, 1984. 


Monday I4th May 1984 

§.30 pm 

Royal Society of Medicine, 

| Wimpole Street, London W1 
LYMPHOKINES AND 
MACROPHAGES. 


Wednesday 16th May 1984 

6.00 pm 

Goldsmiths Lecture Theatre, 
London School of Hygiene and 
Tropical Medicine, Keppel Street, 
London WC1 

RECENT ADVANCES IN 
SCHISTOSOMIASIS AND 
LEISHMANIASIS. 


Thursday 17th May 1984 

5.00 pm 

Haematology Seminar Room, 
Commonwealth Building, Royal 
Postgraduate Medical School, 
London W12 

EOSINOPHILS: THEIR 
ALTERED BEHAVIOUR BY 
MONOKINES AND 
LYMPHOKINES. 


Further information and tickets 
are available from the Section of 
Clinical Immunology and Allergy, 
Sections Office, Royal Society of 


| Medicine, | Wimpole Street, London 
+ WIM. 8AE. Tel: 01-580 2070 ext 37. 


a 1543)K 


Petroleum Gacy in the ; Debertment of Applied - “= 
“Candidates. should have experience in 
petroleum geology and an interest in the genesis of 


Salary on Lecturer Scale (£7,190-—£14,125 pa} USS 


Application forms and further particulars (quote 
18/84) are available from Staff Office, McCance 
Building, 16 Richmond Street, Glasgow G1 1XQ. 


Closing date for applications: 23 April 1984. 


LEEDS WESTERN HEALTH AUTHORITY 
The General Infirmary at Leeds 


RESEARCH GRADE BIOCHEMIST | 


This two year appointment will be held in the University Department of : : 
| Medicine. The holder will take charge of laboratory aspects of a joint | 
European study into haemostatic function in patients undergoing © 
coronary angiography. Determination and resourcefulness will: be. 
valued above previous experience in haemostasis though this would be 


Further information is available from Professor C.R.M. Prentice; 
University Department of Medicine, telephone (0532) 432799 ext 
3476. Application forms and job descriptions are available from — 
The Personnel Officer, Leeds General Infirmary. Great atii ; 
Street, Leeds LS1 3EX, telephone (0532) 432799 ext 3355. 


join a small team investigating t 














(1562)A 




















(1533)A 









FELLOWSHIPS 


UNIVERSITY 
OF EDINBURGH 


DEPARTMENT OF ZOOLOGY © 


POSTDOCTORAL 
RESEARCH FELLOWSHIP _ 


Applications are invited for an MRC 
funded post to investigate axonal and - 
cellular interactions in vitro, using 
amphibian nervous tissue. 
Candidates should have experience in: 
tissue culture and a background in 
cell biology or biochemistry would be. 
helpful. The person appointed. will 















specificity of nerve connection 
development and regene 


technical assistance are avail 


The post is tenable for five; 
starting as soon as possible. 
salary range (Grade la) is £7, 190 
£11,615. : 


Applications (three sep 
including CV and the names of iv 
referees) to Dr R M Gaze, Depa 
ment of Zoology; West Mains Roa 
Edinburgh, EH9 3JT. 


Please quote reference No S15 $ 
(1479) 





Continued on page 16 



































MACKERETH FELLOWSHI 
__ FELLOWSHIP Applications are invited f 


Research Fellowship, for 





dei This postdoctoral fellowship is 
tenable at the River Laboratory 
from 1 October 1984 for one year 
with possible extension for a 
second year. The holder will be 
expected to investigate the 
importance of bacteria in the 
nutrition of lotic invertebrates. 


Applicants should have a PhD in 
an appropriate subject and 
preferably experience in microbial 
ecology. Salary £7,149 {under 
review}. 

Further details and application 
forms, which should be 
returned by 4 May, may be 
obtained from The Secretary, 
Freshwater Biological 
Association, River Labora- 
tory, East Stoke. Wareham, 


FELLOWSHIPS 























pe 
Experience i spects 
of viruses including recombinant 
DNA techniques are desirable, 
but not essential. Salary is in the 
range of 45-60,000 DM/year. The 
fellowship is available beginning 
June or October 1984. 
Applications to: Prof. Dr. V. 
ter Meulen, Institute of 
Virology, Versbacher Str.7, 
D - 8700 Würzburg, F.R.G. 
(W362)E 








\pplications are invited for the 
ollowing MRC funded research 
ellowships: 

Post A to work with Dr RH 
Michell on enzymes involved in 
eceptor-controlled inositol lipid 
netabolism. The post is tenable for 
ip to three years. 


Post B to work with Dr R Coleman 
yn mechanisms of biliary lipid 
secretion. The post is tenable for up 
to two years. 


. Applicants should have complet- 
ad, or expect to complete in the near 
future, a PhD. degree. 


sition, storage and di 
Tenure in any appropriate u 
department or research insti 
the United Kingdom is for two" 
from 1 October 1984. 


Applicants (restricted to citizens 0: 
the United Kingdom or th 
Commonwealth) must havea PhD-o 
equivalent research experience anc 
should preferably be under 33 on | 
October 1984. Current stipend scale: 
£10,829 x £466 to £13,159 per annum 
with superannuation benefits. e 




























































































SOUTH MANCHESTER 
HEALTH AUTHORITY 


CHRISTIE HOSPITAL AND HOLT 
RADIUM INSTITUTE 







Forms obtainable from The 
Executive Secretary (UMAM), The. 
Royal Society, 6 Carlton Howe. 




















Salaries on the Research Fellow 1A 
scale £7,190 — £11,615 plus super- RESEARCH FELLOWSHIP oe Dorset BH206BB.  (1556)E Terrace. London SW1Y SAG, must 
annuation and depending on age and Department of Experimental be returned by 31 May 1984. je 
qualifications. Chemotherapy (1538)E 
PEE PEER A E e aes alt w tee UNIVERSITY of various aspects of herpes simplex 
l rticulars phone re, immunology or biochemistry vaccine in human subjects. Be 
472 1301 Ext. 2559, quoting reference is wanted immediately to study gene- OF BIRMINGHAM oaks ee 
B2 for Post A and B3 for Post B. tical and physiological factors that Faculty of Medicine Salary on scale £9,490 — £16.48 E 
No formal application form. Three modulate DNA repair. and Dentistry with superannuation — maxi : 
DEPARTMENT OF starting salary £11,500. 


copies of application, including full Curriculum vitae with names of 




















curriculum vitae and naming three | two referees to Dr J M Boyle, MEDICAL MICROBIOLOGY | be eee 
E e Assistant Registrar, | Paterson Laboratories, Christie CLINICAL RESEARCH a onam MPRE on Aa 

ience and Engineering), Hospital and Holt Radium Institute, A. T : KE etka 
: OS iG 2 eco te FELLOWSHIPS Applications (3 copies) to Assistant | 


Wilmslow Road, Withington, 
(1569)E Manchester M20 9BX. (1532)E 


CONFERENCES and COURSES 


363, Birmingham B15 2TT by 19 


April 1984. These appointments, one of which is Registrar, Medical School, 


for one year and one for two years, Birmingham BIS 2T] by 24 4 84. 
will be concerned with investigation Quote ref RFC/MM/GS. (1549)E. 








SECOND TERRY FOX CANCER CONFERENCE 


Royal Postgraduate Medical School | 
: : a amon Epigenetic Regulation of Cancer [| 


TOPICS Cellular and Molecular Modifiers of 
Carcinogenesis Regulation of Expression of the 
Malignant Phenotype 
Cell Differentiation and Neoplasia 
Mechanisms of Signal Transduction 


SPEAKERS N. Auersperg, A. Ben-Ze'ev, J.S. Bertram, 
M.J. Bissell, H.A. Bern, D.S. Coffey, 
N.H. Colburn, G.R. Cunha, M. Darmon, 
C.J. Faves, J.T. Emerman, P.B. Fisher, ke 
G.H. Heppner, W.R. Kidwell, M.W. McBumey, 
G.B. Pierce, H.C, Pitot, L.M. Reid, R. Hoss, 
L. Sachs, D.A. Sirbasku, G.J. Todaro. 


UNIVERSITY OF LONDON 


MONOCLONAL 
ANTIBODIES 


22-26 October 1984 


One of a series of specialist short courses entitled 
Current Advances in Laboratory Techniques 


The course will be both practical and theoretical and will cover 
the following topics: Methods of immunisation, fusion and 
cloning; assay systems, with special emphasis on the develop- 
















ment of antibodies suitable for antigen localisation in tissues; the LOCATION University of British Columbia 
production of ascites; purification of antibodies; labelling of DATES 2-4 August 1984 
antibodies; clinical and pathological applications. 


DEADLINE Deadline for Registration and Submission of 
Abstracts is 1 May 1984. l 

Registration is $100.00 (Canadian), students and ; 
post-doctorals $50.00. a 
Meeting will consist of 5 half-day sessions, . — Ea 
concurrent poster sessions and workshops, plu 
an opening mixer and dinner cruise. Se 

CONTACT INFORMATION, REGISTRATION and : 
ABSTRACT FORMS 
The Terry Fox Cancer Conference 
University of British Columbia 


invited Speakers include: 

D Catovsky (RPMS, London), C Cuello (Oxford), A Epenetos 
(RPMS, London), E Gordon-Smith (RPMS, London), 
J Kemshead (ICRF, London), B Lane (ICRF, London), 
M Moeremans (Janssen Pharmaceutica, Belgium), R Morris 
(NIMR, London), K Price (RPMS, London), M Ritter (RPMS, 
London), K Sikora (Cambridge), S Van Noorden (RPMS, 
London}, H Waldmann {Cambridge}. 

“Course organisers: Professor J R Batchelor) Dept of 

a Dr M A Ritter } immunology, 






















































































RPMS 
Dr J M Polak } Histochemistry oe eT ea 
a, Miss S$ Van Noorden $ Unit, RPMS Vancouver, B.C., Canada V6T 1W5- 
Course fee: £200 {including lunch but not Organizing Committee: J.T. Emerman {604 
accommodation) subject to 228.2969: N. Auersperg, (604) 398-2059: 
confirmation C.J, Eaves, (604) 873-8401. ; 








Application forms and further details from: Dr J M Polak R 
(SSC 5), Department of Histopathology. Histochemsitry 
Unit, Royal Postgraduate Medical School, Hammersmith 
Hospital, Du Cane Road, London W120HS. Tel: 01-743 2030 
ext 355, 

-Closing date for applications: 31 July 1984. 


SPONSORS The University of British Columbia and 
The National Cancer Institute of Canada. 
through the Marathon. of Hope Research. 
o Programs inspired by Terry Fox. 













(1539C 






















































OF THE INTERNATIONAL )F PHYSI 
; JERUSALEM, ISRAEL, AUGUST 26 


rg i 
MAIN TOPICS © 
Respiratory Physiology 


Cardiovascular and General Physiology 
Kidney and Epithelial Physiology C) 
Gastrointestinal Tract Physiology 
Endocrinology = 


Neuroendocrinology g 
Cellular Neurobiology 

Developmental Neurobiology and Brain Repair 

Central Nervous System 


Sensory Mechanisms of the Nervous System 
Environmental Physiology 
The Teaching of Physiology 
Deadline for Abstracts: May 31, 1984. E 







y 












For further information please contact: 
SECRETARIAT: IUPS REGIONAL MEETING, P.O.BOX 50006, TEL AVIV 61500 ISRAEL 
TELEX: 341171 KENS IL., TEL: 03-6545741 


imaamin 





























“CONFERENCES and 


















ee UNIVERSITY 
© COURSES continued OF ABERDEEN | 
aaa | MSc IN CLINICAL EMBO COURSE 
PHARMACOLOGY BIOTIN-LABELED DNA _ 
Applications are invited for a twelve in MOLECULAR GENETICS 
month full-time postgraduate course | 


leading to the degree of MSc in 
Clinical Pharmacology with the alter- 
native of the first nine months of the 
course leading to the Diploma in 
Clinical Pharmacology. The course 
consists of lectures and practical] 
work, in addition to an original 
research project for the MSc or a 
written dissertation for the Diploma. 
The course is designed for medical 
Practitioners or non-medical 
graduates with appropriate qualifi- 
cations in Pharmacy or Pharma- 
cology or a related subject who wish 
to work in this field. ` 








Laboratoire de Génétique Moléculaire, 
Institut Jacques Monod, 2 place Jussieu, 
75005 Paris, France. Pe 


Programme: A practical and Lecture Course detailing. the 
preparation and use of non-isotopically labelled polynucleotide 
probes, hybridization procedures, (Southern dot, colony. plaque 
and in situ) will be performed. Other applications of these probes as 
affinity reagents for the purification of nucleic acids and proteins wil 
be discussed. a RA 
The teaching staff will include: David Ward (Yale University, | 
Haven), Pennina Langer-Safer (Roche Institute, Nutley) and Lau 
Manuelidis (Yale University, New Haven): and researchers of the 
host laboratory. oo 
_ Cost: Three will be a $100 registration fee (not. coveri 
accommodation or boarding) payable following notification ; 
acceptance. vai 
Applications: A letter of application together with a sho 
| Curriculum Vitae and a Statement of interests and reasons 
|. applying should be sent to Dr. G. Bernardi before September 
|. 1984 at the above address. (W848)C 


REPARATIVE TECHNIQUES 
FOR TEM 


NTER FOR ELECTRON 
CROSCOPY (CEM) 



























VERSITY OF ILLINOIS. 
BANA-CHAMPAIGN 





June 1984 — An intensive 
n” course designed to 






i 
participants the basic skills 
d for biologica! specimen 
ation for transmission 
ron microscopy. 
application and information, 
ntact: Dr. Marcelle A. 
M; University of illinois, 

all, 905 South 
ana, lil. 61801: 



















































































adjacent to the Great Barrier Reef. 
A number of Postdoctoral Awards are granted each year by the 


Council of the Institute for research by young scientists of 
exceptional promise and proven capacity for original work in the 


area of marine science. 


‘The awards are tenable at the Institute for periods of up to two 
years. Tenure of an award is expected to commence within three 


months of the award being made. 


The Institute is especially interested in researchers attracted to 


collaborate studies of mangrove, 


nearshore, and reefal 


environments and communities within its established programs 
although awards are not limited to these fields. Background 
information on the Institute and its program interests will be 


supplied on request. 


In general, awards are restricted to applicants who are not more 
than 30 years of age on the date when applications close, or who, in 
any case, are in the early stages of their postdoctoral career. 


Stipend 
A$19,986 per annum. 


Allawance 


A district: allowance of A$700 per annum for awardees with 
dependents and A$360 per annum for awardees without 


dependents is payable. 
Applications 


Persons wishing to apply for these awards should submit a 
complete C.V., the outline of a projected investigation, support 
requirements and the names of three professional referees to the 
Secretary, Australian Institute of Marine Science, PMB No. 3, M.C. 
Townsville, Queensland, 4810, Australia. 

Applications should be received no later than April 26, 1984. 


GRANTS and 
SCHOLARSHIPS 





WELSH NATIONAL 
SCHOOL OF MEDICINE 
(University of Wales) 


DEPARTMENT OF 
CHILD HEALTH 


- Applications are invited for a 
POST-GRADUATE 
SCHOLARSHIP 


“to investigate androgen action and 
metabolism in disorders of sexual 
differentiation in humans, using 
“tissue culture and cell fractionation 
“techniques, 
ii Applicants should have, or expect 
“to gain, a first or upper second class 
yonours degree in Biochemistry or a 
lated science discipline. 
scholarship will commence in 
mer/ Autumn 1984 and is tenable 
a 3-year period (subject to a pro- 
onary year). The results are 
‘cted to be submitted for a PhD 



























- particulars and appli- 
orms (quoting Ref No 
ay be obtained from the 
and Secretary, Welsh 
ional School of Medicine, Heath 

Cardiff CF4 4XN (Tel No 
944. ext 2296) to whom 





ould be sent by 30th | 
os UMH | 


(W852)N 





STUDENTSHIPS 


THE SCHOOL OF 
PHARMACY 
UNIVERSITY OF LONDON 


TOXICOLOGY UNIT, DEPARTMENT 
OF PHARMACOLOGY 


SERC (CASE) STUDENTSHIP 


NMR SPECTROSCOPY AND 
THE INVESTIGATION OF 
CARCINOGENESIS 


A three-year CASE studentship, 
funded by SERC is available for a 
good honours graduate (minimum 
upper second class) with a strong 
background in chemistry or bio- 
chemistry to work for a PhD degree, 
commencing 1 October 1984. The 
project will involve the study of the 
effects and metabolism of model 
toxic compounds in intact cell 
systems by high resolution 'H and 
BC nmr spectroscopy in order to 
elucidate basic mechanisms of 
toxicity and carcinogenicity. Work 
will be carried out in collaboration 
with Dr C R Elcombe at the ICI 
Central Toxiocology Laboratory, 
Alderley Park, Macclesfield, 
Cheshire. 

Letters of application, including a 
curriculum vitae and the names of 








UNIVERSITY COLLEGE 
LONDON 


Studentship(s) available for research 
in theoretical and mathematical 
population genetics and ecological 
genetics leading to Ph.D. degree. 
Apply to Departmental Secretary, 
Dept. of Genetics & Biometry, UCL, 
4 Stephenson Way, London NWI 
2HE. (1863)F 


UNIVERSITY 
OF NOTTINGHAM 


DEPARTMENT OF 
CHEMISTRY 


A number of research studentships 
supported by SERC will be available 
from the Autumn in the following 
areas:- 


GAS PHASE REACTION 
DYNAMICS AND LASER 
TECHNIQUES 


LASER SPECTROSCOPY OF 
MOLECULAR ION BEAMS 


SURFACE SCIENCE, 
ORGANIC 
SEMICONDUCTORS AND 
INFORMATION 
TECHNOLOGY. 


Applicants should possess or antici- 
pate a good honours degree in 
Chemistry of Chemical Physics. 
Applications and enquiries should be 


addressed to: Professor J P Simons, | 


of 
of 


Chemistry, 
Nottingham, 


Department 
University 


a ANATOMICAL SOCIETY OF GREAT BRITAIN AND IRELAND 
|f ANATOMICAL SOCIETY GRADUATE 
| STUDENTSHIPS 


Applications are invited for two Studentships tenable in the Anato 
Sciences for a period up to three years. Nominees would be expe 
work for a higher degree by research. Candidates must be graduat 
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Man (right, top) shares many more features with the 
Orang-utan (right, bottom) than with either the gorilla 
or chimpanzee (left, top and bottom respectively). The 
review on page $01 contends that Homo may not be as 
closely related to the African apes evolutionarily as is 


currently believed, 
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A New Approach to Automated Peptide Spi 


Applied Biosystems is pleased to announce “ 


the first instrument designed for high effi- 
ciency peptide synthesis. The key to the high 
coupling yield of the Model 430A Peptide 
Synthesizer is an activation unit which 
converts the amino acid to a very efficient 
acylating species immediately prior to the 
coupling step. The defined protocol has 
been optimized for general peptide synthe- 
sis, but the fully programmable system 
allows straightforward adaptation to other 
chemistries. 


Cycle times with the general synthesis pro- 
tocol are approximately one hour. A single 
loading of protected amino acids, reagents, 
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Amino acid incorporation during assembly of Acyl 
Carrier Protein residues 65-74. 


ANALYTICAL METHOD 
Quantitative Ninhydrin Monitoring’. 
Preview Quantitation by Solid Phase Sequencing of 


Protected, Resin Bound Peptide’. 


Amino Acid Analysis of HF Cleaved, Deprotected Peptide | 1.00| 0.97 | 0.90] 0.94] 0.97] 0.90] 0.96] 0.96] 0.94] 0.98) i 


Amino Acid Residue Gly~-Asn~-lle~— Tyr~-Asp~-ile~— Ala ~- Ala~-Gin~<— Val 


Step yield quantitation and amino acid analysis results for Acyl Carrier Protein (65-74) chain assembly using Applied 
Biosystems’ general synthesis protocol. Only single couplings were used throughout the synthesis (except for Gin). 
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and solvents will give up to 50 synthesis 
cycles. To insure high coupling yields, 
Applied Biosystems manufactures and 
supplies all synthesis reagents. 


The data below summarize the results of the 
synthesis of the decapeptide Acyl Carrier 
Protein (65-74). These results illustrate the 
combined capabilities of the novel auto- 
mated synthesis procedure and the high 
quality peptide synthesis reagents and loaded 
resins. 


The new Model 430A Peptide Synthesizer is 
being introduced in the U.S. at FASEB and 
in Europe at Analytica. For more informa- 
tion, circle No. 08 











The hesis on 0 500 mmois 
Boc-Gly-OCH,-PAM resin yleided 427 mg 


of crude peptide (Theory = 511mg) 








Chromatography 


Vydac C, A Butter: 0. 1% H,PO, 
B Buffer: 0.1% HPO, Hs m CH.CN 
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HPLC chromatogram of crude, HF cleaved Acyl Cart} 
rier Protein (65-74). 
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Soot particle growth as it takes place in wood-burning fireplaces, 
diesel engines, and industrial furnaces, has been attributed 


al 4 $ i A 


is my m 
-1'e 





to a complex set of interdependent chemical reactions. _ 
A researcher at the General Motors Research Laboratories has 
demonstrated that the decomposition of a single species 1s 


primarily responsible. 
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Ethylene/Oxygen (Mole Ratio) 


Figure 1: Total growth rate contrasted with 
growth rate per unit area plotted as a function 
of ethylene/oxygen mole ratio measured at a 
given height a the burner face. 


Figure 2: Artist's rendition of the surface growth 


of a single soot particle by the incorporation of 
5$. 


acetylene molecule 





OOT FORMATION may be 
divided into two stages. 
Microscopic soot particles are gen- 
erated in the “inception” stage. 
They reach full size in the “growth” 
stage, which accounts for more 
than 95% of their final mass. Most 
scientific exploration has concen- 
trated on panor inception which, 
despite all the effort, fg alt 
unexplained. Dr. Stephen J. ` 
a physical chemist at the General 
otors Research Laboratories, 
has reversed traditional priorities. 
Combining experiment with logic, 
he has formulated the first quan- 
titative explanation of the growth 
stage in soot formation. 

Dr. Harris arrived at his 
mechanism through an elaborate 
process of elimination. To focus 
on the chemistry of soot growth, 
he began by eliminating from his 


investigation the complexities 

introduced by turbulence and 

mixing. He limited his research tay 

premixed, ethylene/oxygen, lami 

“pa flames with one-dimensional 
ow. 

_ Previous ee in the 
literature told him that two pro- 
cesses take place simultaneously 
during growth. Incipient particles 
collide and coalesce into larger 
particles, while growing at the 
same time by incorporating hydro- 
carbon molecules from the burned 
gases. 

The first process reduces 
total surface area without ch 





i total mass, while the second, 


surface growth; increases © 
both total surface area and to 
mass. Hence, the increase in the 
total mass of soot can be entie 
attributed to surface growth. 

Dr. Harris set out to iden- 
tify the hydrocarbon molecul $ 
or “growth species” —responsible 
for surface growth. Increasing by 
increments the richness of the 





es— ‘ 


flame, he made the key discov- | 


ery that although the total mass 
growth rate (gm/sec) increases 
strongly when the ratio of ethyl- 
ene to oxygen is increased, the 
mass growth rate per unit surface 
area yap Ng! sec) increases only 
slightly (see Figure 1). Thus, the 
controlling variable for how mur 
soot is formed is not the concen- 


tration of growth species, but the © 


surface area available for growth. 
This finding led him to con- - 


clude that richer flames proche > 
ey gen- 


more total soot because 
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t 


erate more particles in the incep- 


tion stage. j 
t. offer greater initial surface 


= a for the incorporation of hydro- 


carbons. 

Since the growth rate per 
unit area must depend on growth 
species concentration, this con- 
centration must be similar from 
flame to flame. Dr. Harris went 
on to reason that there must either 
be enough growth species at the 


-Outset to account for the total soot 


Eomh in the richest flame, or 
e species must be rapidly formed 


_ within the flame from another 
= hydrocarbon present in high 


enough concentration. 


i) T: NARROWED his search 


to the four most abundant 
casses of hydrocarbons found in 
flames: acetylene, polyacetylenes, 
poyeydic aromatic hydrocarbons 
PAH), and methane. Methane 
can be eliminated, because its 
concentration does not decrease 


= as soot is produced. There is not 


enough PAH to account for soot 
formation in any flame. Neither 
of these two hydrocarbons can be 
readily formed from the other major 
species present. That left only 





we and the polyacetylenes. 


Acetylene contains enough 
dideooen to account for the hydro- 
ren content of soot measured in 
the early stages of growth. But 


among the polyacetylenes, only 


diacetylene could possibly supply 


= enough hydrogen. That left acet- 
_ylene and diacetylene. 


es 


ore incipient parti- 


it i 
. ie ie tele” a > > Ti e ad 


There is more than enough 
acetylene to account for the mass 
of soot produced. There is not 
enough diacetylene, and while 
diacetylene can be formed from 
the abundant supply of acetylene, 
the reported rate of conversion is 
too slow for diacetylene to play a 
significant role. That left only 
acetylene. 

Dr. Harris verified that acet- 
ylene is the growth species by 
determining that the slight increase 
in growth rate per unit area is 
proportional to the increase in 
acetylene concentration (see Fig- 
ure 1). He also found that the rate 
constant he measured was in 
agreement with the reported rate 
constant for the decomposition of 
acetylene on carbon. These find- 
ings confirmed his hypothesis that 
soot particles grow in flames by 
the incorporation and subsequent 
decomposition of acetylene. 

“Now that we know how soot 
grows, says Dr. Harris, “we can 
examine how it begins with greater 
mop atric Then, perhaps our 
knowledge will be complete enough 
to suggest better ways to reduce 
soot: 
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Dr. Stephen J. Harris is a Staff 
Research Chemist at the General 
Motors Research Laboratories. 
He is a member of the Physical 
Chemisty Department. 

r. 


arrıs graduated from 
UCLA in 1971. He received his 
Master’s and Ph.D. degrees in 
hysical chemistry from Harvard 
niversity. His doctoral thesis 
concerned Van der Waals forces 
between molecules. Following his 
Ph.D. in 1975, a Miller Institute 
Fellowship brought him back to 
the University of California, this 
time at Berkeley, where he spent 
two years studying laser-induced 
chemistry. He joined General 
Motors in 1977. 
_ Dr. Harris conducted his 
investigation into soot particle 


growth with the aid of Senior Sci- 


ence Assistant Anita Weiner. 
His research interests at GM also 
include the use of laser diagnos- 
tic techniques in combustion 
analysis, with special emphasis 
on intracavity spectroscopy. 
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reliable partner for the scientific world 
offers you : 


- Broad range of biologically active peptides 
and corresponding antisera 


- Large experience in custom synthesis of peptides 


- Complete line of hormones and corre 








As a consulting architect, Lyall 
-Addleson can findenough problems 
ina tew feet of bricks and mortar 


to warrant several acres of paper- 
work. 


But now he's written 
dictated his final letter 


7 lypewriter, note-pad and pens have been 
~ consigned to the junk heap for good. 

No it’s not the end of a career 

Its the debut of the Microwriter 


A machine that dramatically cuts the slog 
of writing and re-writing. 


And one that happily works all hours. 
(Unlike the average secretary 


All he has to do is place the fingers of one 
d on combinations of 5 keys. 


Then write onto the display at the top and 
have his words stored in the memory at the back. 


a To learn to use the Microwriter took him 
<- -barely an hour 

And before he knew it, he was Micro- 
-writing faster than he could write longhand, 


THE MICROVVRITER WP {S ALREADY USED BY THOUSANDS OF PROFESSIONAL PEOPLE, 
J SOUTHAMPTON ROW, LONDON WEIB SHL TELEPHONE. 


his last report and 
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without even looking at the keys. 


edit and punctuate. 












Now he can review, tabulate, 


He can have perfectly typed 


copy simply by plugging it into an 


electronic typewriter or printer. 


He can write onto a television, audio 
cassette or computer. 


And because of its size, he can take it any- 
where in the country his work sends him, 


f you'd like more information about how 
the Microwriter can transform your business, 
fill in the coupon. 


it could be the last time you use a pen. 
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or 40x. Interchangeable eyepieces 


M = Sabla beet = and supplementary front lenses are. , 


-| [those with the comprehensive accessories. available for extending the magnifi- 


High-quality optics, high operator field eyepieces. Even in this combi- 
comfort and its comprehensive nation, the three-step magnification 
modular system mark the Wild M3 changer shows the object as required 
stereomicroscope as the universal at a magnification of 6.4%, 16x 
routine instrument for the three- 
dimensional observation of small 
objects in the laboratory, in the 
factory and in schools and universi- 
4 fies. 
-| The standard version of the Wild 
| M3 stereomicroscope has a three- 
‘Jens main objective and 10x wide- 


Colorado beetle, scale 661 i 
cation range. These permit a 
magnification from 1.5X to 160%. 
New inclined tubes at various angles 
provide the operator with comfort- 
able, fatigue-free viewing in practi- — 
cally any working position of the 
stereomicroscope and in any 
posture. Interchangeable stands, 

eu lighting units and accessory equip- 

wane N AUN ment such as the MPS photomicro- 

we : graphy-system, coaxial incident-light 

housing, drawing tube, double-iris 
diaphragm ete can be used accord- 
ing to the task in question. The 
Wild M3 thus becomes a universal | 
instrument capable of performing > | ce 
any task. ail 
Ask for detailed documentation W 


Wild Heerbrugg and Leitz Wetzlar: 


World leaders in macroscopy and ` 
microscopy 
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GeneScreen Plus™ 
- GeneScreenPlus™ is the new 

__ transfer membrane that gives- 
-you not only highest sensitivity 
_and excellent band resolution, 
but trouble-free handling as well. 


The slight natural curl of the - 
membrane makes it easier to 

_ select from the package and easier 
to place on a moist surface. After 
drying it returns to its original 
“shape to remind you which side is 
carrying the bound material. Wet 
or dry, GeneScreenPlus™ is highly 
resistant to cracking, distorting, 
tearing, or shrinking. 

_. Binding of all sizes of DNA is so 
strong you don’t need to waste 
time baking the membranes. No 
need for refrigeration either; just 
keep the box handy on the shelf. 


_ Colony/PlaqueScreen™ Discs 
Colony/PlaqueScreen™ Discs have 
gap! of the performance and conven- 
tence features of GeneScreen Plus™ 
and are precut to culture dish 
___. sizes. The gentle curl of the discs | 
makes them easier to place on 
the agar plate without smudging, 
and moisture causes them to lie 
_ flat with minimal air entrapment. 
- Removal is easier too, because 
-they are strong and tear resistant. 
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EN) New England Nuclear’ 


Our Applications Laboratory is 
available to answer your questions 
about hybridization methods using 
either of these products. Mean- 
while we'll be glad to send you 
detailed information on their per- 
formance characteristics. Simply 


-call New England Nuclear or circle 


the Reader Service Number. 
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software with unique features. . . 


— all programs extensively refereed and 
operationally tested 

— extensive program manuals usually 

including source code listings 

— free updates for a year, at cost there- 

after oe 

— comprehensive information available 
before ordering 


Elsevier, publisher of many journals in the 
field of analytical chemistry, including the 
Journal of Chromatography and Analytica 
Chimica Acta, now has a number of sofi- 
ware programs available for use on mini- 
and microcomputers: 


REFVALUE: calculates reference intervals 


(Baadenhuysen and Smit) for PDP and HP 85. 
Price: Mini computer 

Dfl. 3025,00/USS 1080,00/£ 756,00/ 

Yen 252,000. 

Micro computer 

Dfi. 4400,00/US$ 500,00/£ 350,00/ 

Yen 146,700. 
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ftom total hospital-patients laboratory data. 


© INSTRUMENTUNE-UP 


Analytica Hall 2 Stand 2201 


BALANCE: a program to statistically 
compare two series of measurements 
(Massart) for IBM-PC and APPLE. 


Price: 
Dfi. 420,00/USS 150,00/2 105,00/Yen 35,000. 


CLEOPATRA: Chemomeftrics Library: an 
Extendable set Of Programs as an Aid in 
Teaching, Research and Application, 
(Kateman) for IBM-PC and HP 9845 B. 


Price: 
Df. 4680,00/US$ 600,00/£ 420,00/ 
Yen 140,000. | 


INSTRUMENTUNE-UP: helps the user fo 
improve the performance of common 
scientific laboratory instruments (Deming 
and Morgan) for IBM-PC and APPLE. 


Price: 
Dfi. 420,00/USS 150,00/6 105,00/Yen 35,000. 
and in preparation: 


CHEOPS: CHEmometrical OPtimization by — 
Simplex. The program offers an intelligent, —_. 


it optimizes the response of a system DY 
varying up to ten instrumental parameters. 
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LS-1 LC fluorescence 
detector 
The new Model LS-1 is a high 
sensitivity filter fluorimeter specifi- 
Caily configured as a detector for 
liquid chromatography. 
Ellipsoidal condensing optics 
~ with a 7al illuminated volume flow 
cell provide superior performance 
for all types of liquid chromato- 
graphy, including high speed. 

The Model LS-1 is ideal for the 
routine analysis of naturally 
fluorescing compounds and for 
those materials which can be 

derivatised or tagged with a 
fluorescing compound. 


LS-2 filter fluorimeter 
The new Model LS-2 combines 
a high efficiency optical system 
and a 7al illuminated volume flow 
cell with keyboard controlled 
peristaltic pump for rapid sample 
handling and low carryover vol- 








Sensitivity for routine L 
and fluorescence anal 


ume. Through the use of a pulsed 
xenon source and microprocessor 
electronics, both prompt and 
time-resolved fluorescence can 
be measured. The latter is 
particularly useful in the measure- 
ment of fluorcimmunoassays 
using lanthanide chelates as 
fluorescence probes. 


Features 

L High energy, pulsed xenon 
source for covering a wide 
range of excitation 
wavelengths, 260 —650nm. 
through the use of discrete 
interference filters. 

CL] Emission monitoring over the 
wavelength range 300 — 
700nm with scanning capabil- 


ity over the range 390 — 
700nm. 


Ll High efficiency optical system 


giving a sensitivity of 1073M 
fluorescein. 


Beaconsfield, Bucks HP9 TQA, Eng! land... 





Ll Ratio recording, micro- 
processor electronics for 
excellent stability and 
increased precision of 
measurement. 

J Large LED display of fluores- 
cence signal and touch 
keyboard for easy use. ` ie 

(] Analogue outputs as standard | 

with optional BCD or RS232C 

interfaces for data acquisition 
systems. 































For further information please contact: 
Perkin-Elmer Corp., Analytical Toone 
Main Ave. (MS-12), Norwalk, CT 06856 
U.S.A. Tel: (203) 762-1000. 


Perkin-Elmer Ltd., Post Office Lane, 


Tel: Beaconsfield (049 46) 6161. 
Bodenseewerk Perkin-Elmer & Co. GmbH : 
Postfach 1120, 7770 Ueberlingen, Federal 
Republic of Germany. Tel: eee 










reir aha in Nature, 
re helping to clarify the 
causes of cancer. With each 
_ passing week, more and 
_ more people consider that a 
_ full understanding of cancer 
_ cannot be long delayed. 
_ But the implications for 
_ physicians and their patients 
| are still entirely unclear. 


disease. 


-> This is why NATURE has 
chosen to devote its third 
international conference to 
„an occasion when 


Perhaps the most imp ° ortant intemational es 
conference you could attend in 1984. De- 
voted to the recent contributions. of molecular = 
biology to the understanding of malignant 


For Research Scientists 
and Clinicians 


IN SEARCH OF UNDERSTANDING... 


SEPTEMBER 10, 11, 12, 1984 
BOSTON PARK PLAZA HOTEL 


Park Plaza at Arlington Street 
Boston, MA 02117, U.S.A. 


researchers in the life 

sciences and clinicians can- 

sess the importance of 

cent developments in 

lecular biology for the 

derstanding and, | 
a ly, fo for the treatment © 


The conference program has been de- 
signed for two groups of people ~ resear- 


about and discuss the latest develop- 
ments in the molecular biology of cancer, 


developments may eventually affect their 
own work with patients. 


Participation in the conference will be | 
restricted so as to provide opportunities for _ 
| those participating to mix with and to 


pe S auastion f those OR for the latest oa. « 


chers in the life sciences anxious to. learn 


and physicians who consider that these i 


To this end, the leading scientists making 
formal presentations will also take part in — a 
two-hour round table discussions, provid- 
ing an ample and unusual opportunity for — 
participants to take part in detailed discus- = 
sions and to make short presentations. of 


To take part in this are and nove: 
conference, register now and book yo 
rooms. (also limited) at the | Bos 

Plaza Hotel and Towers. o 





TO REGISTER FOR THE CONFER- 
ENCE: Return the form appearing in this 
advertisement, with your check, or an 
authorized purchase order from your 
organization. 


EARLY REGISTRANTS SAVE $50: If 


your registration and payment is received 


>d 
< 


= 


by July 1, you may deduct $50 from the 
regular full registration fee of $325. You 
pay only $275. 


THE SETTING: Boston Park Plaza 
Hotel and Towers, Boston located at Park 
Plaza and Arlington Street, just off the 
famous Boston Public Gardens and 
Common. 


ROOM RESERVATIONS: A large block 
of rooms has been set aside for attendees, 
but we do suggest that you reserve your 
accommodations early, to avoid dis- 
appointment. Rooms must be reserved 
directly with the Hotel, at (617) 426- 
2000, or 800-225-2008, Telex: 710 321 
1088. Be certain to mention your parti- 
cipation in the “Nature Conference”. to 
take advantage of these special lower 


rates: Singles: $70, 80 & 85; Double: 


$85, 95 & 100. 


CONFERENCE DINNER: The Confer- 
ence dinner will be held on Tuesday 
evening, September 11th, in the Imperial 
Ballroom. TO INSURE SEATING AT 
THE CONFERENCE DINNER, please 
include your dinner ticket requirements 
and payment of $25 per person with your 
Registration. 


POSTER SESSIONS: A limited space 
for posters will be made available. Please 
write to: Poster Sessions Editor, Nature 
Publishing Company, 15 E 26 St., N.Y., 
NY 10010. 
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Services Manager, Nature Publishing 
Co., 15 E 26 St., N.Y., NY 10010, (212) 
689-5900. 
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DAY 3 - PROSPECTS/PROBLEMS. 











MONDAY, 10 September 
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Recruitment Center: 9:30am — 6:00pm 


DAY 1 
ONCOGENES AND GROWTH 
FACTORS — WHAT THEY ARE 
AND WHAT THEY DO 
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9:15— 10:00 Oncogenes 
R. Weinberg (MIT) 
10:00—10:45 Growth factors 
M. Spom (NIH) 
11.15—12.00 HTLV R. Gallo(NIH) 
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S. Broder (NIH) 
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Hybridization Probe DNAs 


Highly purified, sequence-specific DNA fragments, 
designed for use in nick translation reactions and 
for the detection of oncogenic sequences by nucleic 
acid hybridization. 


r a Pabl-1™ O.5ug/5pl* + controls each $125.00 

Fi "P > l f, 3+ 99.00 
x 7 Pmos:1'™ 0.5p¢/Sel + controls each $125.00 
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5 Pras: 1™ O.5pg/5pl + controls each $125.00 
m ei 3+ 99.00 
iv: Pras:2™ O.5yg/S5ul + controls each $125.00 
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*Sufficient product provided to perform 5-10 Southern blots. 


Antibodies 


`. Wellcharacterized, extensively tested antibodies 
for the detection of oncogene protein products and 
related antigens, such as the epidermal growth 
- factor receptor. Designed for use in immuno- 
fluorescence, immunoprecipitation, and enzyme 
linked assays. 
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ABmyc:1™ Recons. Vol. 0.5 ml** each $125.00 
3+ 99.00 

ABras:1'™ Recons. Vol. 0.5 ml each $125.00 

\ 3+ 99.00 
ABsrc:1™ Recons, Vol. 0.25 ml** each $125.00 

3+ 99.00 

ABecr-r- 1'™ Recons. Vol, 0.5 ml each $125.00 

3+ 99.00 


**Sufficient product provided to perform 50 RIP-PAGE assays. 
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_ THE continuing agony of the British university system, fast 
_. becoming a bore for others, will be advanced a further notch in 
the next few weeks. By now, the chairman of the University 
Grants Committee, Sir Peter Swinnerton-Dyer, is. well embarked 
_ onhis self-imposed task of reading the replies that he has received 
_.. to the questionnaire put out in November to universities and any- 
body else who cared to answer it. No doubt the grants committee 
will eventually devise a policy for the years ahead, perhaps even a 
<-> policy that will be understood by the universities and the British 
¿> Government as a set of principles around which their future 
relationship will be organized. Here is the least of what the uni- 
versities should be expecting. 


Security. The British Government has been playing cat and mouse 





theses in the grants committee’s questionnaire, have been widely 







ety (see p.488). So 


_ (by the-grants committee) a quota of students which, if exceeded, | | 

ill invite financial penalties. The original objective was twofold | 
_ = to give individual universities some idea of the scale on which 
_ they would be helped financially to operate, and to assist the 


_ government in controlling the otherwise unquantifiable bill the 
_ government pays through local authorities for student main- 
> tenance. While the issue is not mentioned in the famous question- 
ire, the consequences are uneconomic (educational plant is 
tly unused), inequitable (British students who could pay full 
Is, and who might benefit, are kept out) and an intrusion on 
-ademic freedom that should worry the universities more than it 
_ Seems to have done. The present government is unlikely to budge 
: s determination to peg the total cost of higher education, but is 
bably indifferent to the way in which money is spent. The 

sities, devoted f open access for 
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British universities will soon be at another turning point. The danger is that the 


Jinancial pressure; but they have an opportunity to get a grip on their own aff yir. 


years ago, when a committee under Sir Alec Merrison 


_ demands is that it should be possible for universities even within 
publicly financed system such as the British to work their 





_ Should be setting up can have something in the kitty). 






universities the polytechnics that make up the other. 
__ British higher education system. (Some of them might, 











have set up a committee to consider alter: itive Ways o 
higher education. The outcome could be the chance to 
universities on a sound basis. 


time that university teachers supposedly spend on research. Tw: 


acknowledged that the system had broken down, it urged that uni- 
versities should create mechanisms for deciding how the available 
resources for research should be allocated, but very little has yet 
been done. Until institutions have internal mechanisms com- 
manding mutual respect for explicit allocations of ef fort, they will 
not be equipped to plot a coherent strategy (or to spend the larger 
funds that they deserve). ce 
Diversity. It is no longer feasible for the British university system 
to pretend that all universities are alike. The unremarkable 
reality, apparent for years, is that they differ from each otherina = 
host of different ways, but especially in their flair for research. Ino. 
tacit acknowledgement of this, the annual grants doled out to See 
British universities have hitherto included an ostentatiously == 
undefined element dealing more generously with research üni- 
versities than with others. The grants committee has now. asked 
Whether this practice should be made explicit — whether some 
part of the annual budget should be ‘‘earmarked’’ as the saying 
goes. The Royal Society’s opinion on the subject (see p.488), like 
that of most universities, is that earmarking would be an 
unacceptable infringement of freedom (as it would be if. 
institutions were instructed what to teach, or how). The vice- 
chancellors are more openly opposed, on the grounds that. 
teaching and research are indivisible. But the choice is between 
covert (as now) and explicit earmarking. On the principle that 
institutions will be best served if they know where they stand, ear- 
marking is now obviously preferable. What university freedom. 





















the ladder, which argues fora mechanism based on past su 
attracting project grants, and for a modest transfer of p 
grant funds (say 10 per cent) from research councils to t 
versity system (so that the research committees the un 


Flexibility. In the new circumstances, universities need ab 
to be able to make their way in the world without 

restraints. This argues for the removal of a host of exi 
barriers — the division of the system of higher education intc 
nationally negotiated salary scales for academics and the oth 
who work in the universities, unreasonable external rest: 
the conversion of existing capital assets into new ince 
the like. One simplifying course of action would beto re i 
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fer t 






Stay the way they are.) That would req 


nly one of si 

al hat must be settled either at the next meet 
the heads of government in Brussels in June or at some earlier all- 
night session. Is it too late to ask that the governments concernet : 


“be 


Ev Jni- | standing issues tha 















laws of supply and demand, and Brussels is one of the minor 
capitals of European capitalism, which is why it is incongruous 
that European ministers of agriculture, meeting there at the week- 
end, should have gone out of their way to fly in the face of 
_ economic reason. After the failure of the meeting of heads of 
-> government of the European Communities (see Nature 15 March, 
p.213), a meeting of the agriculture ministers was made necessary 
= by the need to.cut the cost of agricultural subsidies to stay roughly 
<o within the budget likely to be available. 
=> The problem is by now well known. The European Commis- 
sion, as buyer of the last resort, is compelled to buy food from 
farmers at agreed prices, which is why it has been accumulating 
_ huge amounts of surplus food. For the past several years, the most 
‘conspicuous surplus has been of milk and materials made from it 
-i Europe now has a stockpile of nearly a million tonnes of butter 
_ for example. So innocent readers of economic textbooks would 
have expected the meeting at the weekend to have reduced the sup- 
_ port price for milk, reducing the supply (by decreasing the in- 
_ centive for farmers to produce surplus milk) and increasing the 
demand (by making milk products cheaper for consumers). But in 
the event, the ministers of agriculture settled for a different 
scheme. While the prices of most foods were marginally reduced, 
the embarrassment about milk is primarily to be dealt with by 
means of production quotas. If farmers in member states col- 
lectively produce more than intended, Brussels will no longer take 
the surplus off the market. Somehow, national governments will 
have to penalize over-productive farmers, but even so it seems 
that, taken all together, the quotas for next year amount to 10 
million tonnes more milk than Europe can possibly consume. One 
predictable result is that milk-producing farmers are up in arms. 
-=> Another is that there remains serious doubt whether the European 
> Commission will be able to meet the cost of the policy now agreed. 
But there is no plan that European consumers, the people who 
< might be able to strike some balance between supply and demand 
- byincreasing their consumption, are to be given an incentive to do 
so. Instead, in due course, they will be expected to pay more in 
taxes to buy up the milk surplus still in prospect. This is the 
economics of the looking-glass. 
<> Why in these circumstances has the agreement at the weekend 
been widely welcomed at the beginning of the long process for re- 
- forming European policy on agriculture? Those now punch- 
drunk from too many meetings in Brussels are saying that, for the 
first time in thirty years, it has been acknowedged that the scale of 
| pean agricultural production should not be determined sole- 
j the capacity of farmers to produce at prices which are ad- 
rom year to year by the inflation rate. For the first time, 
sse weary optimists are saying, it has been acknowledged that 
capacity to consume should play a part in the equation. In due 
argument goes, it may even be possible to arrange that 
wuld influence supply through the prices that people 

































































_ Proposal drop 


should broaden the issues they are discussing, perhaps by lin 
agriculture with bothersome social and economic problems, i ; 
hope that it will then be easier to make the compromises that are 
necessary and, at the same time, to reach understanding 01 
principles of their common activities? Agricultural policy 
Europe, for example, should be a way of protecting produce! 
against the short-term fluctuation over, say three to five years, not 
long-terms schemes for subsidizing them. And there is just as =? 
urgent a need that social problems such as unemployment should = 
be jointly mitigated but within similar time-scales. Gon 


Tokenism does no good 
Cosmetic devices for making engineering more 


prominent in US research should be abandoned. 
LIKE many previous advocates of minority rights, Mr George > 
Brown, the California Democrat who is forever urging that the — 
US House of Representatives should do something to rescue | 
engineering and technology from neglect, has been driven back on 
tokenism. At various times in the past six years, Mr Brown has. 
sought to breathe life into a project for setting up a federal 
agency, analogous to the National Science Foundation, t < =: 
would support research in engineering and technology. © 3 
public hearings on the subject over the years have served «o 
demonstrate that there are indeed serious problems to be tackled. 
in the organization of engineering education at United States = 
universities, but have failed to show that a new grant-making 
agency would cure them. Now, Mr Brown seems to have fallen 
back on an entirely meaningless gesture: renaming the National. - 
Science Foundation so as to emphasize its responsibilities for 
engineering or technology (see p.486). It is not surprising that he 
should have been defeated. 

Mr Brown should first have looked more carefully at what has 
been happening in the United Kingdom, where there used to bean ` 
organization called the Science Research Council with 
responsibilities for supporting research in science and engineer- 
ing. Three years ago, under pressure from the UK Conference of __ 
Engineering Professors and the then newly created Fellowship of 
Engineering, both of which were crying for an Engineering 
Research Council, the Science Research Council changed its 
name, adding the word engineering in the middle. Th 
consequences of this strictly cosmetic device have been negligible. | 
Spending by the Science Research Council on the support of 
engineering research in British universities had been increasing 
year by year for nearly a decade before the change of name was 
considered expedient. Now, with its budget under pressure, the. 
renamed council has rightly decided (see Nature 29 March, p.391). 
to call a halt to this growth. = 

Changing the name of the National Science Foundation would 
probably be similarly pointless. The problems that most bother 
engineering schools in the United States — the difficulties of. 
recruiting and keeping able faculty members in the face of © 
competition from industry and of administering cooperative | 
projects with industry in such a way that they are educationally as _ 
well as commercially worthwhile — will not be solved by a grant- — 
making agency, however generously endowed. Moreover, there s 
plenty of cautionary experience in the recent history of- 
National Science Foundation to show that artificially imposed 
patterns of research spending are often unworkable. The 
foundation’s own artificial programme launched in the 1970s was 
a predictable disaster, long since discreetly abandoned. And while | 
it is true that merely changing the foundation’s name should b 
less directly harmful and, indeed, should not necessarily h 
influence at all, Mr Brown and his friends shou 




























‘weapons has been produced by a team of 
‘experts sent to Iran by the United Nations 
(UN). Ina report issued last week, the team 





-zone in Iran, all of which were designed to 
| ¢arry liquid, and that samples collected 
from one of the bombs proved upon 
analysis in Swedish and Swiss laboratories 
__. to be mustard gas. Soil and liquid samples 
provided to the team by Iranian forces and 
Said to have come from a leaking bomb at 
another site in the war zone were found to 
contain the nerve gas tabun, also known as 

GA. 
The UN team also examined Iranian 
soldiers at four hospitals in Iran; all 35 in 
\ the first group examined showed symp- 





toms that the team said could be caused on- 
= -ly by vesicant agents such as mustard gas. 
< These symptoms included large areas of 
_ reddened and blistered skin, conjunctivitis 
~ and low white blood cell count. A second 
- group of six patients was examined follow- 
`- ing the reported attack ftom which the GA 
_ sample was obtained; this group showed 
Signs of nerve-gas poisoning, including 
respiratory problems, vomiting, tremors 
. and acute miosis (contraction of the 
upils). According to analyses run by the 
inian hospital staff, two of the six had 
ry low acetylcholinesterase levels in their 
_ blood. 












< known since late last year that Iraq has 
been manufacturing and using chemical 
eapons. It says that after quiet persuasion 
led, it made its charges public in early 
State Department official said 











<The US State Department says that it has | 
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| 
| 








last week that besides GA and mustard gas, 
Iraq is also now attempting to produce 
GB, or sarin, a nerve agent which is con- 
siderably more lethal than either of the 


m | other two. (The US Army considers both 
Said that it had examined a number of | 
unexploded or damaged bombs in the war 


GA and mustard 


gas to be obsolete but 
does stock GB). ? 


Mustard gas is easily manufactured in 


one step from thiodiglycol and hydro- 
chloric acid. GA is also relatively easy to 
produce; it requires a two-step synthesis us- 
ing the materials ethanol, dimethylamine, 
potassium cyanide and phosphorous OXY- 
chloride. Sophisticated facilities, such as 
those used in advanced pesticide plants, are 
however needed to protect the workers ina 
plant producing GA. All of the nerve 
agents are chemically related to organo- 
phosphorous pesticides. 

The bomb casings used in Iraq to deliver 
the chemical agents appear to be of a stan- 
dard US pattern. The UN team reported 
that all the bombs it examined were iden- 
tical; green, with a 10-cm yellow band 
around the nose, and the marking “BR 250 
WP”. The team said that the thinness of 
the bomb casings — | to 2mm — indicated 
that they were not intended for use as high- 
explosive bombs. 

According to Tom Gervasi, an expert on 
the arms trade who runs the Center for 
Military Research and Analysis in New 
York, the markings and dimensions of the 
bomb correspond to a standard 250-pound 
US bomb used for white phosphorus — 
hence the marking “WP”, Gervasi noted 
that many other NATO countries also 
manufacture the bomb casings. White 
Phosphorus, an incendiary, is normally 
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per million 

blood samples drawn from I anian soldie: 
being treated in Vienna, Pe 

Heyndrickx’s claims have, however, 
been greeted by other scientists with con- 
siderable scepticism — scepticism that has 
been fuelled by Heyndrickx’s assertion tha 
scientists at Sweden’s National Defenc 
Research Institute have confirmed his : 
results. In fact, the Swedish scientists _ 
vigorously deny that they have been able to. e 
detect any mycotoxins in the samples they / 
have looked at. The UN findings on 
mycotoxins were based on thin-layer a 
chromatography, which has a detection: 
limit of 5 p.p.m. a 

Although the UN report seems to leave- 
little doubt that chemical weapons have | 
been used, it is careful not to draw anycon- 
clusions about who is responsible. And the 
possibility, however remote, of fabrication 4 
of evidence by Iran has not yet been com- ` 
pletely ruled out. z 

The UN team was made up of Dr Gustav 
Andersson of Sweden’s National Defence. 
Research Institute, Dr Manuel Dominguez 
of Spain’s Army Medical Corps, Dr Peter 
Dunn of Australia’s Defence Department. 
Materials Research Laboratories, and Col- 
onel Ulrich Imobersteg, chief of © 
Switzerland’s chemical defence division, ~ 

Stephen Budiansky 



















Arms control advisers wanted 


Los Angeles 

THE Carnegie Corporation of New York 
has just awarded Stanford University’s 
Center for International Security and 


Arms Control a four-year grant to train | 


two or three young scientists a year in the 
art of giving advice to government on arms 


control. Dr Sidney Drell, a co-director of 


the centre and deputy director of the Stan- 
ford Linear Accelerator, will run the pro- 
ject. 

The objective is to fill the gap left by the 
ageing of the small group of scientists who, 
since the Manhattan Project, have been 
dispensing advice to presidents, the 
military and Congress on how to control 
the arms race. ‘‘We have not in my judge- 
ment been getting enough young scientists 
involved in arms control’, Dr Drell says. 
Like a handful of others from his gener- 


i 





ation, Dr Drell, now 57, was first invited to | 


advise the government on arms control in 
the early 1960s. But more recently, he Says, 
fewer young scientists have been given a_ 
chance to apply scientific knowledge to: 
security issues. And while the huge cadre of 
defence scientists working directly for th 
government do excellent work, Drell says, 
the need that independent scientists should 
be working on defence issues is more im- 
portant than ever. oO 
Drell thinks others among the “older 
generation” of experts — people like Hans 
Bethe, Jerome Wiesner, Paul Doty, Frani 
Long and Harvey Brooks — will also see 
out younger scientists to train in the art 
arms control. Leading centres for suc 
work are at Harvard University, Mas: 
chusetts Institute of Technology, Cornel 
University, the University of Californi 
Los Angeles and Stanford Univers 
‘Sandra BI 











Washington 
‘HE only consequence of a worthy attempt 
y the Nuclear Regulatory Commission 
NRC) to promote the cause of nuclear 
-non-proliferation may be to damage 
-research and training in universities. That 
s the fear of many of the 25 universities in 
the United States which operate research 
¿reactors and which expect to be asked, in 
a draft NRC rule this month, to convert 
them from high to low enriched uranium 
_. fuel. 
The new rule is ostensibly intended to 
“reduce the risks that terrorists might steal 
enough weapons-grade uranium to make 
= <an atomic bomb, but the universities 
_ believe the threat of terrorism is already 
_ minimal and that the NRC action is politi- 
cally motivated. 
_... The 25 reactors are widely used. One of 
__ the largest, the 10-MW reactor operated by 
the Massachusetts Institute of Technology 
(MIT), generates several million dollars 
a year of sponsored research for the 
institute. In addition to training nuclear 
engineers, MIT uses the facility for neutron 
analysis of trace elements, for the pro- 
duction of medical isotopes and for 
research on power reactor safety. 
= Dr Otto Harling, director of MIT’s 
nuclear reactor laboratory, said last week 
that the danger of terrorism had been 
- -exagerated. He claimed that none of the 
> university reactors was allowed to store 
_ more than 5 kilograms of unirradiated fuel, 
. and that at least 15 kilograms of uranium 
< was necessary to produce a crude nuclear 
-= weapon. To steal enough uranium for a 
_. bomb, terrorists would have to attack 
_.. severalreactors at once or — a complex and 
__. hazardous undertaking — remove burned 
-fuel from the reactor core. 
Although the Department of Energy 
_ (DoE).is spending some $5 million a year on 
_. development of new kinds of low-enriched 
` uranium for research reactors, it appears to 
agree with the universities’ assessment. 
Testifying in the Senate last month, Dr 
Alvin Trivelpiece, director of research at 
DoE, said he did not believe there was 




































versity facilities. NRC, however, is 


gesture designed to impress foreign 


countries with the United States’ concern 


about the dangers of nuclear proliferation. 


enriched. A university study group set up 


yin Clark, director of reactor oper- 
at MIT and a member of the panel, 
iver 
ould: 











` much risk of sabotage or theft at the uni- 


expected to press ahead with the rule as a 


uranium that is more than 90 per cent 


by NRC last year concluded that several of 
lem could be converted to use a new 20- 
er cent enriched fuel developed by the 
nne National Laboratory, but Mr- 







sities doubted whether the 
| be useful, since universities 
ily 10 per cent of the- 


weapons-grade uranium used in research | py Y 


reactors. The bulk, used by DoE’s research 
reactors, would not be affected by the rule. 
The universities also fear that the 














estimated $15 million cost of conversion. 
Unless DoE foots the bill, several finan- 
cially hard-pressed universities are likely to 




































































them. And according to Dr Harling, it is all 
too probable that anti-nuclear groups 
would take advantage of the public 
hearings that would be required when 
relicensing converted reactors to try to 
close university reactors altogether. 

NRC has told the universities that it will 
try to make any relicensing hearings as 
smooth as possible, but the universities 
doubt whether any short cuts are legally 
possible. Meanwhile, there are knotty 
technical obstacles to be overcome. Several 
of the reactors were designed with a 
lifetime fuel core, and conversion will 
therefore be difficult. And the two biggest 
reactors — at MIT and Missouri — cannot 
be modified because there is not enough 
room in their cores to accommodate the 
larger volume of low-enriched uranium. 

Peter David 


IAEA steps in 


THE International Atomic Energy Agency 
is to prepare a safety guide laying down 
principals for decommissioning research 
reactors. The agency points out that 100 of 
the 270 research and test reactors in 
operation worldwide are more than 20 
years old and so approaching the end of 
their useful lives. Although there are no 
special difficulties in decommissioning 
research reactors that have not been met in 
power reactors, experience so far is limited 
to industrialised counties. And the reactors 
are very varied in their construction. 

Most of the new research reactors being 
built are in developing countries, and the 
agency wants clear criteria for decom- 
missioning to be established and incorpor- 
ated into reactor designs. In both Britain 





power industries have resulted in a lower 
demand for nuclear engineers, and 


expensive training tools. oe 
A teaching reactor at Queen Mary’s Col- 
lege in London was decommissioned a few 


afford to run it. Others are facing a 15 per 
‘cent down-grading of their thermal flux 
ratings because of the need to convert to 
low enriched fuel; for some applications 
` this could mean a real loss of capability. 
The pressure to change to low enriched fuel 
















measure could backfire. One worry is the | 


close their reactors rather than convert | 


and the United States the shrinking nuclear | 


financial pressures on higher education | 
institutions have made reactors seem very — 


years ago because the college could not — 
clinic may have a continued unhealthy in 


is blamed on US restrictions on the export — 
of very highly enriched fuel. Tim Beardsley _ 












(see Nature 297, 267, 1982) is more be- 
devilled by financial problems. than. eve 
before in its 15-year gestation. Estimate: 
completion costs have risen to more than 
DM 2,400 million (£635 million)and onthe =- 
advice of a still secret report of the Bundes- 

rechnungshof, the West German Ministry 


~ of Education and Science is refusing to pay 


more than its 50 per cent share of a pre-, | 
viously agreed limit of DM 1,700 million. 
Eventual running costs of DM 500-600 
million a year will be borne entirely by the 
Land. ee 
The eight-storey building — the so-. oS 
called Bettenberg — covers the area of five 
football pitches and contains $2 operating 
theatres and 1,500 beds. It will be devoted) 
44 per cent to research and teaching and 66 
per cent to hospital functions, replacing the 
ageing medical facilities of the border ci 
of Aachen. It is unique in Europe in p 
viding integrated health care, research and 
educational facilities under one roof. me 

Medical focus will be particularly on 
kidney disease, heart disease, paediatric 
cardiology, burns and plastic surgery. The 
clinic will have a yearly intake of 450 | 
medical students, 80 dental students and 
500 students in ancillary professions. 

Clinical research, will emphasize bio- 
medical technology, driving mechanisms 
for artificial hearts, synthetic valves, vibra- 
tion techniques for removal of kidney 
stones and neuroradiology. 

Conceived by the Wissenschaftsrat in the 
1960s in a mistaken estimate of the health 
care needs of the Aachen area, and onan 
erroneous assumption that it would draw — 
patients from outside Germany, many of © 
the massive costs can be laid at the doo 
the concept of Synchronplanung, meat 
planning while you build. Inflati i 
changes in building regulations and the = 
needs of progress in medical and pharma- _ 7 
ceutical knowledge, added to a large 
measure of error, omission and general 
incompetence and mechanical subsidence, 
have produced an unparalleled financial’ ~ 
situation. There is litigation between the 







Land and the builders Neue Heimat x 
Stadtebau, the Land does not accept the 


report to the federal ministry, which is - 
refusing to raise its contribution partly on - 
the grounds that this could curtail its 
contribution to other institutions in Nort 
Rhine-Westphalia, and there are fea 
that, having siphoned off 230 academic. 
jobs from universities in the Land, the- 











fluence. The general secretary of the Fr 
Democratic Party, Frau Adam-Schwat 
this week called for closure of one-thir 
the clinic to stem mounting costs. __- 
scat | 0 0o Saral 









































Washington — 

PRESIDENT Reagan’s request a year ago for 
the help of the scientific community in 
developing a system of defence against 
uclear attack received a distinctly un- 
friendly answer last month. The Union of 
Concerned Scientists, (UCS), based in 
Cambridge, Massachusetts, marked the 









nical report saying the plan to create a 
comprehensive defence could not work. 


Although UCS made plain a year ago its | 


Opposition to star wars, the new report is: 


the most detailed critique yet published by 
- opponents of the administration’s Strategic 
_ defence initiative. Compiled by a dis- 
_ tinguished panel, including the physicist 
- Hans Bethe, retired admiral Noel Gayler, 


defence analyst Richard Garwin and the 
physicist Victor Weisskopf, the report con- 
eludes that the Prospects of a successful 


-defence are minimal. Trying to develop 
one, however, would stimulate a new 
_peifensive round in the arms race, under- 
/ mine the 1972 Anti-Ballistic Missile (ABM) 


-° Treaty and increase the risk of war. 


The conclusions of the study reflect a 
growing consensus within the Department 
of Defense (DoD) itself that the president’s 
ambitious objective in his so-called 
Strategic defence initiative — to render 
nuclear weapons “impotent and obsolete” 
“is technically unattainable. DoD 


~ continues to support the initiative, but now 


aS says that although the new system would be 


useful to blunt a Soviet first-strike, it could 
not defend the civilian population. 
According to. the UCS Study, the search 
for perfect protection is doomed from the 
Start, because of the vulnerability of 
defensive facilities based in space and the 
bsence of weapons that would be proof 
against Soviet countermeasures, The study 
dicts that the Soviet reaction to the 
felopment of a “star wars”? system 
would include the development of a new 
generation of missiles, such as submarine- 








_ launched cruise missiles that could not be 


ae ‘intercepted from space. Existing inter- 
-continental ballistic missiles (ICBMs) 


would be fitted with more powerful 
engines, so their boosters would burn out. 


- quickly inside the atmosphere, where they 
= would be less vulnerable to.attack by X-ray 


~~ lasers. Cheap decoy boosters without war- 
heads would be deployed to overwhelm any 
< Space-based defence. And simple measures 
_ would be devised to knock out space-based 
efensive facilities in advance of a nuclear 






~The study also dismisses as ineffective 
` -many of the technologies upon which a star 
< wars system would have to rely. It says 
-particle beam weapons are the least 
romising of the: potential weapons, 


‘atmosphere. Chemical laser | 














one year on 
weapons would have 
Earth orbit to be accur 


-eptics abound 
to be kept in low 

ate enough, and — 
Newton’s laws of motion — 
more than a thousand laser ‘battlestations 
would be needed to keep 
fraction above Soviet silo 
time. Nuclear pumped X-ray 
penetrate the atmosphere, th 
They could in any case deliv 
blow from which ICBMs c 
Protected. Excimer lasers ar 


Yellow rain 


Thai bees’ faeces found 





a big enough 

fields all the 

lasers cannot 
e study says, 
er only a light | 
ould be easily. 
e dismissed asa 


first anniversary of the President’s ‘‘star | 


wars” speech by publishing a detailed tech- | “being targeted on cities. 





Two US scientists have reported that there 
is now direct evidence that South-East 
Asian ‘‘yellow rain’’, 
Government claims js ac 
agent sprayed by the Soviet-s 
regimes of Laos 
actually a natural 
defecation en mass 


Which the US 
hemical warfare 


and Kampuchea, is 
phenomenon — the 
by wild colonies of 
Harvard biochemist and 
arfare expert Matthew 
ologist Thomas Seeley 
recently returned from 
iland, during which 
rms of Apis, the true 
making brief but abundant 
orties. The faeces come down 
lowish spots up to a few milli- 
metres in diameter which dry to a powder. 
They say that in composition and appear- 
ance they closely resemble samples of 
low rain from Laos that are the prima 
Physical evidence for US a 
against the Soviet Union. 

At the Khao Tai National P 
ern Thailand, 
found a defecati 
as 160 metres fro 


chemical w 
Meselson and 
of Yale University 
an expedition to Tha 
they observed swa 


ark in south- 
the researchers say. they 
n swathe extending as far 
m trees containing honey- 
Vegetation around the nests was 
covered with as many as 1,200 yellow spots a 
of bee dung per squ 
- The significance of this 
beyond biological obser 
former Secretary of St 
Haig’s Berlin speech of Se 
which he accused the So 
out chemical warfare in 
the US Government has 
samples of yellow rain 
provided by Laotian refugees 
evidence of chemical atta 
samples apparently contain ti 
of fungal toxins called tri 
Produced by the Fusarium 
evidence has been a cornersto 
allegations that the Soviet U 
live up to the treaties it has 
chemical weapons would vi 
Geneva Protocol which out 
chemical arms, and. the. | 
Weapons Conventi 
ment’s case has been 


discovery goes 
vation. Since 
ate Alexander |- 
ptember 1981 in | 
viets of carrying | 
South-East Asia, 

Maintained that | 
collected in Laos 


| up during hiberna 
_ behaviour of these 
-the presence in the 


ny quantities 
chothecenes 


ne of official 

nion does not 

signed. Use of 

olate the 1925 

laws the use of 
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ecause charged particles could not pene- | 





ed, however, | gence data and refugee report 
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by a growing body of evidence that sup- 
ports the bee faeces theory.. oo 8 
Meselson believes he has an answertothe _ 


question of how tricothecene toxins got 
into the environmental samples of yellow — oS 
rain and biochemical samples taken from 
ill Laotian refugees said to be victims of 
chemical attack. He notes that the reports 
of both yellow rain and chemical attacks ae 
have almost all occurred during an eight- 
week period between February and April, _ 
at the end of the dry season in tropical Asia. 
Infestations of Fusarium mould in food 


stocks are a particular problem at the end. 


of the dry season in India, and Meselson 


says that mouldy sorghum is a problem in 
Thailand too. He explains the illness 


among the Laotian refugees and the- 
presence of Fusarium toxins as resulting = 
simply from naturally contaminated food. - 
Meselson and Seeley brought back 
samples of both faeces and local food sup- 


plies to test for mycotoxins. Since there has 


been considerable dispute over the quanti- a 
fication of mycotoxins in the yellow rain 


improve the methodology by adapting high : — 
resolution mass spectrometry to the > 







and defenders: jer 
turn out to be full of faeces. Foragers are 
comparatively empty. Christopher Earl 
Stephen Budiansky adds: Last week, the 
State Department dism lson’s 
latest findings as irrelevant to the issue of- 


three samples that do not contain 
and that the US case rests not j 
scientific evidence, but on looking 
evidence in ‘‘the fullest context” of 






















Washington 
; LONG-STANDING campaign by Represen- 
tative George Brown (Democrat, Califor- 
nia) to force the National Science Founda- 
tion (NSF) to give greater attention to 
engineering was symbolically endorsed by 
the House of Representatives Science and 
Technology Committee late last month 
when it voted to amend the NSF charter to 
give explicit recognition to the agency’s 
role in supporting engineering research. 
The move has revived an old debate over 
NSF’s role and concern that science may 
-suffer from any deviation from what critics 
“such as Dr Frank Press, president of the 
‘National Academy of Sciences, call the 
“fundamental mission” for which the 
~ agency was created. 

The committee’s action, however, ac- 
cording to a committee staff member, in 
-fact does little more than acknowledge the 
< new facts of recent years — NSF’s budget 
~ for engineering has grown from $93 million 
< in 1982 to $147 million in President 
= Reagan’s 1985 budget request. 

=: Brown's original proposal would have 
-taken the symbolism one step further by 
changing the name of the foundation to the 
National Science and Engineering Founda- 
tion, but objections over the cost of 
reprinting stationery seemed to carry the 
= day. 
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«Canberra 
< AUSTRALIA is solid on Unesco (the United 
- Nations Educational, Scientific and 
Cultural Organization), to judge from 
-what the government and its ambassador 
to Unesco, former prime minister Mr E.G. 
(Gough) Whitlam have been saying. 
Indeed, the Australian National 
Commission for Unesco has urged the 
~ government to persuade the United States 
“to reverse its stated intention of with- 















intellectual isolation at a critical time in the 
search for world peace. 
Elements of the Australian scientific 
ommunity attach great value to many 
1esco programmes, notably in the fields 
f hydrology, oceanography and ecology. 
\ustralia. participates in several Unesco 
egional networks, which are seen as useful 

ruments of international cooperation, 

lly in Asia and the Pacific. 
Jam spelled out his own position 
rch, saying that while 



























































on the New World Information 
munication Order (NWICO) had 
pted at last. year’s conference 












Australia mounts defence 


drawing from Unesco, deploring US 


4 upported the need for the press | academics of his acquaintance. 


ee, ‘Unesco’s work programme for | 


sent. Yet the programme i is cited ; 


The Science and Technology Committee 
also recently decided to go one better than 


the administration by voting to triple the 


$20 million that the administration had 
allotted to NSF for anew programme inthe 
area of supercomputers. The committee 
was strongly influenced by testimony from 
researchers and by an internal working 
group study presented last summer to the 
National Science Board (the governing 
body of NSF) that called for hundreds 
of millions of dollars to be spent on 
establishing supercomputer centres around 
the country to support academic research. 
Research supercomputers are now confin- 
ed to the weapons laboratories, some 
private industry and two special-purpose 
federal facilities, one for atmospheric 
research and one for magnetic fusion com- 
puting. The Reagan Administration plan 
stops short of purchasing new machines; 
the $20 million would pay for computer 
time and access costs on existing machines. 
The House committee would leave it to an 
NSF advisory committee on super- 
computing to decide just how the extra $40 
million would be spent, although it 
specifically encouraged acquisition of new 
machines, establishment of a national net- 
work and support for local access equip- 
ment and software development. 

Stephen Budiansky 





posed US withdrawal. In any case, Mr 
Whitlam said, the privately-owned press is 
not as accurate as it should be. 

The ambassador claimed that nothing in 
his own public utterances could be 
construed as an attack on the United 
States. In a partly-leaked version of a 
despatch to the Australian Government 
from his office in Paris, however, he is 
reported to have accused President Ronald 
Reagan of withdrawing from the organi- 
zation as a sop to the “‘rabid right’. 

Mr Whitlam is further reported to have 
described Mr Amadou-Mahtar M’Bow, 
director-general of Unesco, as an out- 
standingly well-informed, competent and 
eloquent person: thoroughly alert, diligent 
and temperate. He recommended that the 
Australian Government invite Mr M’Bow 


to make an official visit to Australia, and 


defended the much-maligned Unesco staff, 
if defend is the right word, by allowing that 
they did not compare badly with 
Australian politicians, public servants and 


One of Mr Whitlam’s complaints was that 
the press had not mentioned that Unesco’s 
books are normally certified by the British 
auditor-general. The US investigation of 
. nesco o will begin this month. 
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THE North Atlantic Salmon Conservati 
Organization (NASCO) is now a going ` 
concern. But the inaugural meeting in — 
Edinburgh earlier this year served simply O 
emphasize yet again that the migrato 
salmon poses the most difficult of all 
fisheries problems. The aim of NASCO is © 
the conservation and also enhancement of 
salmon stocks in the North Atlantic. Its 
members are Canada, the United States, 
Denmark (in respect of the Faroes and in- 
cluding Greenland), Iceland, Norway and 
the European Economic Community 
(EEC) on behalf of interested member 
states — the United Kingdom, Ireland, 
Denmark and France. 

The UN Conference on the Law of the 
Sea has laid down the principle that ‘‘states 
in whose rivers anadromous stocks 
originate shall have the primary interest in 
and responsibility for such stocks’’ and ad- 
vocates a 200-mile limit, but the treaty,is 
not yet in force. Meanwhile, EEC has praa 
hibited salmon fishing in Community 
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waters beyond a 12-mile limit and $ 
quotas (2,000 tonnes in 1984) for Daris 
and West German fishing in the feeding 
areas off Greenland and in the Baltic. The 
Faroes have a separate quota agreement 
with EEC. Figures published by the Inter- 
national Council for the Exploration of the. 
Sea (ICES) show a growth of | 
Faroes/Danish catch in 1979-81 from zero 
to 1,025 tonnes. 
NASCO will use ICES as a scientific ad-_ 
visory body and will try to formulate and _ 
rationalize international agreements to 
balance the needs of the international 
fishing community with those of individ 
countries. g 
Salmon frequently play a key role in the | 
economies of rural areas poor in resources." 
Freshwater fishing is the largest participant 
field sport in the United Kingdom an 
France, for example. The Swiss are atter 
ting to restock the Rhine with Swed 
salmon. Countries of origin inves 
j rable. sums in the. co vat 
































urn. Figures { Tor Scottish t rivers show a 
decrease of more than 50 per cent in the cat- 
“ches by rods and nets between the end of 
the 1970s and 1983, suggesting that the fish 
not maintaining the breeding popula- 
n. 

It is not yet clear how far this decline is 
due to fishing in international waters or to 
-over-fishing at home. Most British law on 
e subject is now more than 100 years old 


| Soviet science 


_ OVERCROWDING and lack of equipment are 
seriously hampering the work of Soviet 
research institutes, Pravda claimed. last 
_ week. The author of the article, although 
identified only as M. Korolev, clearly 
-< emerges as an apologist for the academic 
community in the long-running debate on 

> why the results of Soviet research are 
~~ \implemented only slowly. Until recently, 
ie standard explanation was that the 
(scientists were failing to work sufficiently 






“closely with industry. But lately there have _ 


_ been hints that the scientists are no longer 
prepared to shoulder all the blame. 
During the late 1950s and early 1960s, 
there was what Korolev describes as an 
‘fexplosive’’ expansion of research 
Institutes in the Soviet Union which was 
fully justified by the demands of the 
national economy and the need to ensure 
that the Soviet Union could devise an inde- 
pendent solution to any technological 
problem but not enough attention was paid 
os. to. the need that the institutes should be 
© properly equipped. 
-= Korolev also says that the various edu- 
cational ministries had a very free hand, 
often founding institutes or upgrading 
“i into universities simply for reasons of 
ige. Constraints were imposed only 
later. Although these restrictions have 
_... reduced the great flood of new found- 
<> ations, the Soviet Union still has a large 






















institutes. 

~ Korolev’s anecdotal evidence suggests 
that prestige still plays a considerable 
‘role. Plans for a new building are passed, 
approved and included in the five-year plan 
‘but, before construction gets under way, 


built, but equipment is not provided and, 
‘as at the Institute of Microbiology of the 


country, from Grodno to Magadan’’, 
hunting for equipment on their own 
initiative. 

‘Korolev claims many high-ranking 
cientists have no proper working space — 
laboratory chief at the Ufa petro- 
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number of ill-equipped and overcrowded | 


‘the! funds may be reallocated. Institutes are | 


E orussian Academy of Sciences, 
M anñtists are left to “travel the whole | 





ticularly in Norway. In the United 
Kingdom, farmed salmon now account for 
49 per cent of sales in a market that has 
grown 70 per cent in six years. This is rapid- 
ly changing the economic parameters, so 
that international fishing and illegal net- 
ting, a major law enforcement problem, 
will become less attractive. National 


measures will be meaningful only within | 
the context of international control as en- J 





visaged under NASCO. Sarah Tooze 


_ Academic apologist emerges 


apparently even worse in the humanities. 


“(In the Moldavian Academy of Sciences, 


says Korolev, 70 per cent of specialists in 
the humanities have nowhere to work.) 

Many of the worst cases cited by Korolev 
come from outlying republics. Institutes 
of the Turkmenian Academy and the 
Dagestan branch of the Soviet Academy, 
he says, have been waiting years for 
promised buildings, but even institutes in 
Moscow have their problems. The Institute 
of Earth Sciences of the Soviet Academy is 
scattered over 16 locations in the city, and 
working space is calculated as 2.7 m* per 
head. Development plans for Moscow are 
based on the concept of 342 scientific insti- 
tutes in the capital, with a work force of 
135,000. Is this, Korolev wonders, really 
the “optimum variant”? 

Moreover, even if important institutes 
do manage to get the proper equipment, 
support facilities are not always available. 
Some 40 per cent of the scientific staff at 
the North Caucausus observatory, which 
boasts the largest optical telescope in the 
world (600 cm) still do not have their own 
apartments. (The foundations have been 
laid, but there is no money to pay the 
builders.) 

Korolev’s tentative solutions, given 
the apparent scale of the problem, seem 
somewhat unconvincing. Small institutes 


can be combined into ‘‘science centres’ 


serving local industry (a scheme which was 


launched in 1975, but could be expanded 
further). Available resources should be 
used more rationally (he cites the case of | 
computers used only three or four hours 


daily). A new drive for efficiency and pro- 
duction can be launched in the instru- 
mentation industry. Research bases could 
be shared by more than one institute or by 
academic institutes and industry (a few 
such joint projects have already been 
launched). 

Perhaps the most significant feature of 
Korolev’s analysis, however, is the new 
awareness that the scientific workforce can 
no longer be expected to coinply with high- 
level directives to “intensify scientific and 
technical progress”, without the provision 


ut | ofat least a minimum f working | facilities — 


‘influence over the character and t 
logical content of university educ 
‘since it is university graduates: who, 
future, will run “‘the country, the un 





Act, making it incumbent on university lec- 
turers. to. teach | 





against black markelpeT 
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said Mr Urban, “cannot relinguish 











versities, everything. .. ” 

The issue of university autonomy: was 
raised by Mr Urban in his weekly statement 
for the foreign press. According to Mr 
Urban, the elections: of university and 
college academic councils now under way, 
and later on the performance of the new 
university authorities, will reveal whether 
the academic communities are willing to act 
in accordance with the letter and spirit of 
the Higher Education Act, and to abide by. 
the “social accord’ between Polish society 
and the government on which, he implied, 2 
the act is based. 

The “social accord” has been a major 
theme of General Jaruzelski’s speeches 
since martial law but, in spite of official a 
claims, it seems not to enjoy nationwide —_ 















support. Nor, with the act drafted during o 


the Solidarity era still in people’s minds, is 
there unanimity about what the letter and 
spirit of the Higher Education Act realy 
are. 
Mr Urban, it seems, does not expect the 
university elections to go through without 
problems — he said that ‘people who are 
firm and open opponents” of government. ae 
policy *‘want to play arolein governingthe 
universities” and the elections ‘“‘maynotbe __ 
without elements of political struggle’’. 
How the government intends to assert its 


authority if its political opponents are 


elected to university rectorships and 


| councils did not need to be spelled out. The 
| law introduced on 21 July 1983, when 
‘martial law formally came to an end, intros 


duced amendments to the Higher Education. Se 


















‘in’ accordance 
the constitution of the Polish People 
Republic”, and providing for the dismissal- 
of lecturers if their “political influence’’¢ on 
their students conflicts with this end. 
Urban denied, however, that there A 
been any recent police actions at. th 
Jagiellonian University of Krakow. “ 
police had not searched univer 
premises, he said, only the private homeso 
some faculty members suspected of un 
ground activities. Moreover, reports i} 
Western media of road blocks ari 
Krakow during the search had grossly 
interpreted the facts. The road bloc 
explained, were part of a separate: 














THE Royal Society has ay criticized 
the way the UK Department of Education 
and Science (DES) is planning its expendi- 
ture on higher education. In a published re- 
sponse to a questionnaire on its views on 
the future of higher education, the society 

‘says it is “‘disturbed’’ that spending plans 

seem to be based on an uncorroborated 

student demand projection that is lower 
than is likely to be the case. 

A wide-ranging series of questions on the 

: future of higher education in Britain was 

circulated last November by Sir Peter 
= Swinnerton-Dyer, the chairman of the Uni- 
versity Grants Committee (UGC) after a 
request from the Secretary of State for 
Education and Science for a full debate on 
how higher education should develop. The 
questions were criticized in many quarters 
for appearing to assume that a substantial 
reduction in the level of expenditure per 
student is in. prospect. 

Of the several published estimates of 
demand for university places to the end of 
the century, the Royal Society’s are the 
lowest. They show demand as roughly con- 
stant from now until the end of the decade, 
falling by 18 per cent to 1995-96 and rising 
thereafter. These estimates do not take 
account of the growing female partici- 
pation rate, which is likely to increase 
demand for higher education. But the esti- 
mates of maximum total student demand 
= promulgated by DES are below those 

- thought plausible by the society, and DES 
appears now to be budgeting on its mini- 
mum demand projections. 

Sir Peter Swinnerton-Dyer will not 
therefore be greatly surprised to learn that 
many of those replying have baulked at 
being asked to consider what would be the 

consequences of a t or 2 per cent reduction 
in the level of financial support per student. 
The University of Technology at Lough- 
. | borough probably speaks for many when it 
zo says in reply to this question that “‘there 
oo ig a natural tendency to shrink from 
---answering...on the assumption that any 
institution which thinks it could survive 
even the 1 per cent per annum reduction 
ould well be asked to prove it” 
Another contentious issue raised by the 

















- funds for research. At present, most of the 
‘universities’ recurrent grant, paid by UGC, 
is for them to dispose of as they wish. But it 
s become an open secret in recent years 
at the cuts in real terms to UGC grants 
e. compromised the universities’ 











‘ouncil has even gone so far as to 





research groups that were being ad- 
ely: affected by UGC cuts. It has there- 
> been suggested that UGC might 
y what proportion of universities’ 
: to go to research, even to the level 


* ga ea 


: questionnaire concerns the earmarking of. 


search capabilities, and the Medical 





research arises 
The Royal Society is ambivalent on this 
question. It proposes that the existing 


equipment grant, a component of recur- | 


rent grant already largely earmarked for 
science, should be increased to cover all the 
essentials of the ‘‘well-found laboratory”’ 

By thus expanding the scope of the equip- 


ment grant, UGC would have a firmer hold | 


on the pattern of research as a whole, but 
would not be saddled with responsibility 
for making decisions between individual 
projects. 










invited to submit ‘research plans hich- 
UGC would take into account in fixing- 
grants. The council declares itself willing to 
follow that road, presumably confidet 
that any such tightening of controls on` 
amount spent on research could work only 
in its favour. The Advisory Board for the- 
Research Councils has recently published - 
warnings of dire consequences for British 
science unless the level of financial pro- 
vision is subsequently increased, and has 
now decided to embark on an international 
comparative study to gather ammunition 
for its case. Tim Beardsley 





Deep-sea drilling 


United Kingdom to miss out 


THE United Kingdom seems unlikely to 
participate in the Ocean Drilling Project 
(ODP), the new phase of deep-sea drilling 
scheduled to start at the beginning of next 
year. The situation has arisen from an un- 
fortunate combination of an increase in 
cost compared with the previous drilling 
programme, a lack of financial support 
from the Department of Energy and the 
inability of the Natural Environment 
Research Council (NERC) to make good 
the shortfall of about $1 million. 

Since the beginning of the Deep Sea 
Drilling Project in 1968, the research ship 
Glomar Challenger has travelled 96 
“legs”, drilling more than 1,000 deep-sea 
cores. These have yielded information not 
only about the structure and evolution of 
sediments and ocean crust but also about 
climate, ocean chemistry and circulation in 
the past. At the start of the International 
Phase of Ocean Drilling (IPOD) in 1975, 
the annual cost of participation to member 
countries was $1 million, when 70 per cent 
of the UK contribution was provided by 
NERC and the Advisory Board for the 


Research Councils (ABRC) and the re- | 


mainder by the Department of Energy. 

In the new phase of ocean drilling now 
being planned, several countries outside 
the United States have expressed an interest 
by the payment of $200,000, permitting 
involvement in the planning stage. The 


United Kingdom has paid this sum, as have © 


Canada and a consortium including Italy, 
Norway, Sweden and the Netherlands. 


France and Japan are also involved and are | 


intending to become full partners, while 


the Federal Republic of Germany has | 
| already done so. By being a full partner, a 


country will be able to participate in the 
planning and on-board operation of 


individual legs and will have immediate 
special provisions for university- | 


access to the samples stored in core libraries 


in the United States. 


The cost of full membership of ODP will 
be $2.5 million a year, an increase of $0.5 


million over that of IPOD in its final year, 
3 The increased charge results Principally 





, Sedco/BP 471 owned 50:50 by Sedco Inc. 
of Dallas and BP. The new ship has more 
sophisticated drilling capability, better 
weather tolerance and twice the scientific 
crew capacity of Glomar Challenger. 

In 1983, the Department of Energy was 
supporting deep-sea drilling to the tune of 
more than $0.5 million. Although no finañ 
decision has been made concerning ODP, 
the signs are that the department is very un- 
willing to provide funds for the project. 
According toa spokesman, the department 
received considerable benefit from IPOD, 
but without a firm programme a question 
mark remains about the relevance of ODP 
to the department’s needs. 

Scientists involved with ODP express a 
mixture of anger and despair at this 
position. They emphasize that the first 24 
years of the project will see the exploration 
of the Labrador Sea and the Norwegian 
Sea — both areas closely related in geo- 
logical terms to the Rockall region where. 
the Department of Energy’s interests have 
been mainly directed. They suggest that. t the. 
department is being shortsighted, ign = 
the strategic value of ODP’s program: e at 
the oil companies. Caustic remarks.-.. 
made about the hole drilled in the Rockall’ 
area under the management of the 
department at a cost of £25 million, which, 
according to one scientist, revealed: 
‘virtually nothing of value” . Supporters. 
of ODP also emphasize the planned dril- 
ing in the Weddell Sea — an area ôi con- 
siderable British interest. z 

The task now is to persuade the govern- 
ment and the oil industry to make more. 
money available. One strong supporter of 
ODP is Sir Peter Kent, one-time chairman 
of NERC and ex-chief geologist of. 
who points out the disparity betweén t 
cost of the project and the huge taxes paid 
ee the oil ep me on North Sea oil | re; 







































































dering ae situation eins the 
Offshore Operators Association. P 









Washington 

‘SOLAR physicists are to be the chief bene- 
ficiaries of the first attempt by the National 
ronautics and Space Administration 
(NASA) to use the space shuttle for 
repairing a satellite in orbit. If this week’s 
mission goes according to plan, astronauts 
will rendezvous with the crippled Solar 
Maximum satellite, which failed only 
_ months after its 1980 launch, and replace 








= several defective components that are to- 


blame for instrument malfunctions and the 
> Satellite’s failure to keep an accurate lock 
~~ onthe Sun. 
ces If the repairs — which will require the 
© astronauts to spend two work days outside 
the shuttle — are successful, the satellite 
will once again provide solar physicists 
< with data that are not available from 
: = ground-based observatories. The Solar 
Maximum satellite carries seven instru- 
ments, including ultraviolet, gamma-ray 
and hard X-ray detectors that measure 
i \ tadiation from the hottest regions of solar 
_.« gaetivity. These short wavelengths, which 
qe correspond to plasma temperatures of at 
“much as 20 million kelvin, are cut out by 
gases in the Earth’s atmosphere; ground- 
based observatories can ‘‘see’’ plasma 
-. temperatures only up to roughly 10,000 
= kelvin. 

Although the satellite was designed 
principally to provide data on solar flares 
during the 1980 peak of solar activity, solar 

«© physicists say that there will still be much 
=> for Solar Max to look at. Solar flares are 
less frequent now; but the largest flares 
tend to occur during the declining part of 
the cycle, as now. The satellite will also 
provide data on active regions of the Sunin 
general and on other formsof activity, such 
as solar prominences and ejections of mass 
from the Sun. Successful repair of Solar 
< Aa S coronagraph — in effect, an optical 
ae “telescope — may provide the added bonus 
= of pictures of Halley’s comet in 1986 as it 
passes near the Sun. 
=. Only three of the instruments are at 
© present providing data — a gamma-ray 
detector, a hard X-ray burst detector and 
= an instrument that measures total solar 




















» inwhat had been thought to be the constant 
olar constant). The failure of the satellite’s 
ting mechanism, which is supposed to 
-it locked onto the Sun, has been the 
ncipal source of trouble; the satellite is 
now spinning up to 10° off axis in what 
VASA officials euphemistically term the 
oarse pointing mode’’. The other instru- 
ents depend more critically on accurate 
alignment with the Sun; what is more, the 

coronagraph and the X-ray polychromator 
-are suffering from additional malfunctions 
which. the astronauts will attempt to 





huttle repair a mixed blessing 


-output (which has demonstrated variability 





| Williams, is dead. According to Dr 








Flight Center, will be $45-50 million, which 
includes the cost of developing special tools 
and of training the astronauts. The Solar 
Max originally cost $75 million; Goddard 
officials say its replacement cost today 
would be $240 million. These figures do not 
however, include the cost of the shuttle 
launch. 


Although the solar physics community . 


generally supports the repair mission, some 
space scientists question the economics. 
Herbert Bridge, for the Center for Space 
Research at Massachusetts Institute of 
Technology, said last week, “I’m sure if 
they did a realistic cost estimate, the true 
figure would be a couple of hundred 
million. How you justify this I just don’t 
know.” Bridge did acknowledge the value 
of the repair mission as ‘‘a training exer- 
cise”, 

Other space scientists seem more 
genuinely enthusiastic, The solar division 
of the American Astronomical Society 
passed a resolution of support and Andrea 
Dupree of the Smithsonian Astrophysical 
Observatory said that both the immediate 
pay-off for solar physics and the 
development of repair techniques that can 
be used on other scientific satellites ‘“‘are of 
equal weight’’. 

The repairs, if successful, are expected to 
hold for between one and three years. As 
part of the operation, the satellite will be 
lifted from its current orbit of 270 nautical 


metre telescope, is to be flown. from t 





a to 290. 
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and the large Solar Optical ‘Telescop 
very high resolution, one-and-a-quar 
















shuttle around 1990. 
The Solar Max repair mission isa first 
for NASA, and will involve.a number of 
untried procedures. The trickiest part may o 
be the initial grab of the satellite, whichis — 
spinning at about one degree per second. oe 
After the shuttle approaches: to within a. 
200-300 feet, astronaut George Nelson will 
fly out using the jet backpack tested during __ 
the last shuttle flight. Nelson willapproach 
the satellite in an arc, matching its spin, 
then grab onto it and halt the spin using his —__ 
backpack thrusters. The shuttle will then. 
approach and grab the satellite with its __ 
remote manipulator arm. Over the next. __ 
two days, astronauts willrepairthecorono- 
graph’s electronics module and the satellite : 
pointing system and install a baffle on the 
X-ray polychromator, which has been 
plagued by solar plasma flowing intoa vent —__ 
port and saturating the instrument. If the 
operation fails, the entire satellite will be 
loaded into the shuttle cargo bay and 
returned to Earth. 








Stephen Budiansky — a 


Plagiarism accusations at Stanford 


A FACULTY ethics committee at Stanford 
University Medical School is investigating 
charges that the chairman of the Depart- 
ment of Medicine, Dr Kenneth Melmon, 
plagiarized material from a medical text- 
book. 

A chapter written by Dr Melmon for 
Textbook on Endocrinology contains 15 
pages verbatim from The Pharmacological 
Basis of Therapeutics. Dr Melmon said he 
believed the editor of the endocrinology 


text had permission from the publishers of 


the pharmacology text to use the material. 
-Although both books were published in 


1979, it was only last month. that Mac- | 


millan Publishing Company of New York 
complained to Stanford that its phar- 
macology book had been plagiarized. 

Dr Melmon is ‘‘bewildered, in shock and 
dismayed’’ by the accusations, said Stan- 
ford law professor Jack Friedenthal, who 
has volunteered legal services to the physi- 
cian. ‘‘This is one of those agonizing, un- 
fortunate things that could happen to any 
one of us as we all use one another’s work in 
legitimate ways.” 

Dr Melmon’s problem is that the only 
witness to his side of the story, Robert H. 


Melmon, he included the section on 








pharmacology at Dr William’s urging. Dr 
Williams, the editor of the textbook, said 
he would arrange to get the necessary per- 
mission, and later telephoned to say that > 
permission had been granted. a 
Dr Williams has since died of a heart at- 
tack, and Dr Melmon has no proof tosup- 
port his contention that permission was 
sought and granted. E 
None of the editors who worked on the ee 
pharmacology text recall or have records of 
anyone asking permission to use the 


material in question. 


According to Mr- Friedenthal, D 
Melmon would have nothing to gain 
plagiarizing the material. Sceptics say th: 
people who plagiarize seldom think they 





— will get caught. 


A medical school standing committee: on. 
ethical scientific performance is looking 
into the matter and will make a repo 
to Stanford president Donald Kennedy in 
about a week. It must decide if Dr Melmon. 
is telling the truth and what is to be done: 
about the charges from the publisher. _ 

‘This has been very painful t 





- Melmon’’, Mr Friedenthal said. “There is 


a cloud over his head and suddenly h 
reputation has been dragged throug 
mud.” Ein Blak 















ik — To be successful, any scheme for 
multilateral disarmament should proceed 
by small steps, should convince both sides 
that each has bettered the other and, most 
importantly, should not become embroiled 
in the difficulties of weapon comparison. I 
ropose a mechanism which has these three 
characteristics. Indeed, it can turn to 



























opinion about weapons of the two sides. It 
‘based on the “Teut — you choose’’ rule 
by which children can divide a cake. 
< Each side begins by assigning a number 
to each separable nuclear device in its 
armoury. This number, the ‘‘military value 
percentage”, is chosen by the weapon 
< owner to represent his view of the useful- 
“mess of the item as a part of his entire 
< inventory. The sum of all the numbers of 
each side is equal to one hundred. To take 
‘an example, if the Soviet Union decided 
that the 350 missiles in the SS-20 system 
represented, say, 15 per cent of its nuclear 
strength then the military value. of each 
would be 0.04292 per cent. 
Jt would be extraordinary if the values of 
usefulness chosen by one side were in exact 
agreement with the magnitude of threat felt 
‘by the other. Indeed, we may expect that 
the weapons. with accurate terminal 
guidance and short launch times, which are 
suitable for pre-emptive first. strikes, will 
induce a feeling of threat in their victims 
which is much greater than the feeling of 
= -comfort they offer to their owners. On the 
other hand, second-strike weapons are 
valuable deterrents and provide a large 
$ feeling of security, but do not pose a threat 
-in proportion. This difference of opinion 
provides the incentive for the disarmament 
process and ensures that both sides can 
believe that they have secured advantage. 
The first reduction should be very small. 
© Let us suppose that itisastep of about | per 
. cent. Each side picks from the list of its 
$ opponent the most threatening items with 
-total military value percentage not exceed- 
ing this ‘‘table limit". The selections may 
-be announced. simultaneously and small 
differences carried forward as credits for a 
second round. : 
< If the United States happened to decide 
hat the SS-20 was the most serious threat, 
ney would request as a first move that the 
umber of missiles be reduced by 23. 
eanwhile the Soviets would pick the most 
‘eatening 1 per cent of weapons from the 
t. The United. States would be quite 
ent about the Soviet choice because 
“would have been chosen to 
per cent it selection equal, in their 


























‘for the power with the greater original 
armoury. But as both sides argue that the | 


advantage the inevitable differences of — 


steps, then neither side need fear that its 





charges often do not do so when the | 


denial of the possibility of publication to 

those unable to pay for it? 

“altis not adequate to say, asa few j jour- 
als a ey Veterans Administration Medical Ce 


other has the excess they can hardly object 
to this feature of the scheme. 

The problem of verification is common 
to all disarmament plans. A necessary 
assumption for any scheme is that both 
sides have reasonably accurate knowledge 
of the weapon systems of their opponents. 
If the reductions proceed by small, slow 


national. security has been greatly 
endangered if verification goes wrong. But . 
if a side is sincere about its wish to disarm, 
it can use the interpretation of verification 
procedures to send messages about its 
sincerity and entice the other side to 
continue. 

Either side may wish to distort the 
percentage values it declares. But because 
the sum total is always equal to one 
hundred a reduction is quite legitimate but 
the ploy may backfire and lead to the loss 
of good weapons at less than their true 
value. It is also possible to design rules 
which allow updating of weapons, For 
example, if Side A insists on the intro- 
duction of some new missiles, it may do so 
provided that it also declares a military 
value percentage for it. Side B may then, 
without loss to its armoury, remove items 
to that same value from any part of Side 
A’s inventory including the new ones. Side 
A will not want the new ones to be instantly 
lost and so will have to put a higher than 
true value on them. It will therefore have to 
give up rather more of its obsolete 
inventory. This rule would encourage the 
evolution of new weapons which provide 
high perceived security for low perceived 
threat — a most desirable feature. 

STEPHEN SALTER 
Depariment of Mechanical 
Engineering, 
University of Edinburgh, 
Edinburgh, UK 


Page charge revolt? 

SiR — The problem of discrimination by 
journals against impecunious authors is a 
serious one, It is a moral issue as much as a 


practical one: should ability of the author 


to pay be as important as scientific merit in 
accepting a paper for publication? Most 
journals require both, so each has an 
equivalent veto. 

A journal can argue that it can publish 
less if it has less income, can charge less to 
subscribers if it collects from authors, and 
that authors who can afford to pay page 


charges are voluntary. These problems are | 
real ones, but do they really outweigh the 


















































































special treatment to those who pay ae course e: 
again raises money to the rank of merit. = 

Publishers are not likely to give creg 
on page charges to referees (Nati . 
February, p.408), and anyway this would ` 
not help other impecunious authors . 
the past decade I have neither subm 
papers to, nor refereed for, any jour 
which practises financial discrimination. ~ 

It is often convenient to publish in dis- | 
criminatory journals, and often these have 
good reputations scientifically. But if even. 
those of us who can pay do not help such 
journals, and tell them why, we may be able 
to correct a serious iniquity. 

LEIGH M. VAN VALEN 

Biology Department (Whitman), 
University of Chicago, 
Chicago, Hlinois 60637, USA 








Opposite to placebo 
SIR — L.J. Barrie (Nature 16 February, 
p.590) bemoans the lack of a term the op- 
posite of a placebo: a harmless object prok 
ducing a harmful effect if the receipient: 
believes it to be noxious. Surely, the word is 
“antiplacebo™. Some examples: the quite 
serious effect the bite of a harmless snake | 






- can produce if the victim believes it to be. 


poisonous, or the bite of a poisonous snake 
when no venom has been injected into the 
wound. ‘‘Pointing the finger’’, curses, pro- 
phecies of evil, are of this nature. As arule, . 
the antiplacebo is not an object, like a pill: 
its potency is based entirely on its psy- 
chological effect, but so, in reality, is that 
of the placebo. STEPHEN SEELY 
University of Manchester Medical School, : 
Manchester M13 9PT, UK ce 


Sin — ‘‘Garblow”’ is an unfortunate pro- 
posal for a word to express the opposite‘pf 
a placebo. ‘‘Antiplacebo’’, used by the lake- 
Gregory Bateson to describe a ae 
diagnosis, has the advantage of suggesting 
its meaning. Shorter and equally Latin: 
would be ‘‘displacebo’’. oe 
PHILIP J. STEWART 
Commonwealth Forestry Institute, 
South Parks Road, 
Oxford OX1 3RB, UK 





SIR — ‘‘Garblow”’ is an unnecessary 
dysphemism for ‘‘nocebo”’ to define ‘‘a 
harmless substance which produces harm- 
ful effects when the patient believes it to be. 
toxic”. ‘‘Nocebo”’ was introduced at least 
15 years ago (G. Herzhaft, “L'E 

nocebo”’ Encéphale 58, 486; 1969). U& 

M.J. Barrie also states that little: atten- 

tion has been paid to the harmful effects. of. 
placebos. In fact, Wolf (Pharmac, Rey. 11, 
689-701; 1959) and Honigfelt (Dis. Ner- 
vous Syst. 25, 145-156; 1964) each cite 10 
references to them. ARTHURCH ; 











® Selection of software packages for image enhancement 
@ Advanced hardware for fast image analysis 

@ Noise reduction to clean up image 

@ TV or slow scan input acceptability 























Micro Consultants’ Intellect 100 is a compact, programmable system 
r developing high level image processing functions to suit a wide 
nge of applications. It accepts normal TV camera and slow scan 

inputs. A choice of computers and disc storage peripherals is 

available, together with powerful FORTRAN and PASCAL handlers 
and a range of application-specific options such as: 


The RTA (Real Time Analyser) hardware option which provides 
powerful grey level and binary image processing, fast image analysis 
and noise reduction to clean up the image; and the KIAS (Keypad 
Image Analysis System) software option which provides easily 
usable, full menu driven particle analysis software for use by 
production engineers, quality monitoring staff, and R & D staff in 
production inspection, as weil as by general research personnel. 





Image processing/analysis work can also be carried out using the 
more powerful Intellect 200, and CRYSTAL — a digital imaging 


‘ system that produces crystal clear pictures from a slow scan or TV 
input. 










MICRO CONSULTANTS LTD., Kenley House. 
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and Sequencing 


Pharmacia P-L Biochemicals 
announces the newest additions to 
its comprehensive line of products 
for M13 cloning and sequencing-— 
| Ml3mpl8 and Migmplg. Unlike 
previously available M13 vectors 
which contain double amber 


n Compatible with all mutations, Ml3mp18 and Ml3mp19 
lia are wild type phages. This allows 


M13 pr imers them to be propagated on E. coli 
JM105 which lacks restriction and 


See our 1984 Product Reference modification systems, and does not 


Cuide for information on our full contain the Pl lysogen which was 
line of M13 products! recently discovered in the amber 


suppressor strain JM103. 


This new generation of M13 vectors, 
will be most appreciated by those, 


ea 


iB 


investigators who are constructing! 
cDNA libraries in M13 or inserting 
large (greater than | kb) DNA 
fragments which have not 
previously been cloned in an fa 
coli K12 host. It has sometimes 
o Z ea been difficult to obtain full-length 
Nf Ff if 2 eee | clones of large DNA fragments ın 
. 7 ~~ the previous M13 vectors since the 
fragments could be degraded by 
the JM103 host. Use of the JM105 
host with Ml8mp18 and Mi3mplg 
eliminates this problem. As a 
service to the researcher, our 
Mi3mp18/Mi3mpl19 vector kit 
product #27-1551-01) is supplied 
with a culture of JM105. 


a 


ae 


i 


has 
aaa 


i 


N EA 


For more information, contact your 
local Pharmacia Fine 
S : . Chemicals/Pharmacia P-L 
exer ee : Biochemicals representative or 
write to onë of the addresses 


excellence in 
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| the eruption that destroyed the settlement. 





-from Peter Warren 


Tue establishment of any absolute or 
-ealendrical date for a major event in 
Aegean prehistory would be a matter of 
great interest, not least because the Minoan 
and Mycenaean civilizations of that period 
exhibit many peaks of technical, social and 


artistic achievement. The recent, albeit 


tentative, dating! of the Bronze Age erup- 
tion of Thera to 1628-1626 ac is therefore 
certain to stimulate archaeologists just as 
the date? of 1390+50 Bc stimulated them 
when it was put forward in 1980. 

The newly suggested date is that 
recorded as frost damage in the bristlecone 
pine tree-ring sequence from Campito 
Mountain, eastern California; the link with 
the Thera eruption hinges upon the 
suggestion that, like some other major 
volcanic eruptions, it induced sufficient 
climatic change to leave a record of frost 
damage. The date of 1390450 BC was 
based on a peak of acidity in the Camp 
Century ice core from north-west 
Greenland and is based on the assumption 
that acidity is a result of volcanic eruption. 
For either date to be correct it needs to be 
compatible with the archaeological dating 
of the eruption, which I shall summarize. 

The Bronze Age settlement at Akrotiri 
on Thera, excavated from 1967 to 1974 by 
Sp. Marinatos' and since by C. Doumas*’, 
came to an end at a time when it was full of 
Late Minoan I A and locally equivalent 
pottery. It is assumed by many that it was 


Others, including the writer, hold the view 
that evidence of reoccupation and 
clearance of parts of the destroyed settle- 
ment before the pumice fall suggests an 
interval of time between the end of the 
settlement and the eruption. In that case, 
the eruption could have occurred in the 
subsequent archaeological stage, Late 
Minoan I B, and be correlated with the 
greatest destruction of the major Minoan 
sites of Crete,which are characterized by 
_ Late Minoan I B pottery‘. 

.. Absolute dating of these ceramic periods 
~ from artefactual evidence is far less precise 
than we would like. Associations of Late 
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Age eruption of Thera (Santorir 









B KNOSSOS 


` Late Minoan I B pottery fragment from Abydos, Egypt, with ‘adder mark’ and star patterns 
and comparable pottery fragments from Knossos (B) and Phaistos, Crete (C). Abydos 
agment about 35 per cent actual size, others not to scale. Se 









Minoan I B (and its Greek mainland 
equivalent, Late Helladis II A) with 
Egyptian material sets the period at the 
time of Tuthmosis IH (refs 7,8), the fifth 


pharoah of the 18th Dynasty, the highest 


dates for whom are 1504-1450 Bc, the 
lowest 1479-1425 Bc (ref.9). A probable 
correlation involving Crete, T aanach, near 
Megiddo in Israel, and Egypt indicates (on 
an accession date of 1504.Bc for Tuthmosis 
Ill) a date of around 1482 Bc for a point 
within Late Minoan.1 B>5. May the Late 
Minoan I B styles have existed before the 
time of Tuthmosis HI? 

In relation to this, a pottery fragment 
from Abydos tomb 328 in Egypt has 
recently been dated to Late Minoan I B. 
The surviving decoration on the fragment 
is ‘adder mark’ and dot motif and star 
motif (Fig.1), well paralleled in Late 
Minoan I B, yet most of the material in the 
tomb is datable to the Second Intermediate 
or Hyksos (pre-18th Dynasty) period 
(although an Egyptian pottery bowl found 
in the tomb is also paralleled in the 18th 
Dynasty, at the time of Tuthmosis HI). 
Thus, while the weight of the evidence 
seems to support a pre-18th Dynasty date 
for the fragment of Late Minoan 1 B 
pottery, a date in the time of Tuthmosis IH 
cannot be excluded. It is also the case that 
Late Minoan I B has never been thought to 
be a long ceramic period: there is almost no 
evidence for a stratified sequence of Late 
Minoan I B deposits and the period may 
well have been the product of just one or 


other Egyptian associations of Late 
Minoan I B it is not easy to see how the 
Abydos fragment could have had a pre- 
18th Dynasty context. 


Late Minoan I A is conventionally dated 
1550-1500 Bc, beginning after the 
inception of the 18th Dynasty!'! and 
followed by Late Minoan I B. A date for 
the beginning of Late Minoan I A pottery 


has not yet been firmly established, and it 
may be earlier than 1550 BC. A number of 
gypsum vessels from the Akrotiri settle- 


ment on Thera (Late Minoan I A) may well 



























) 1) 1552 Bc (alternative starting dates for the 


(ref.13, though see refs 14,15) which 
preceded Late Minoan I A. Khyan ruledin 


two generations of vase painters. Given the 


| chronological sequence (from ipia 
| Mountain, White Mountains; Table. 3), 


|| ap 595, the White Mountains sequence 












Egyptian . This would p 
Theran Late Minoan I A before 1576- 


18th Dynasty’). An upper limit can t 
inferred from the famous alabaster) 
from Knossos, inscribed with th 
cartouche of the Hyksos pharaoh Khyan, 
which has been dated to Middle Minoan I 


Egypt within about 1660-1580 Bc. So Late. 
Minoan I A could well have begun by 1600 — 
Bc though the period postdates the appar- 
ent Khyan-Middle Minoan {ll correlation. 
If, at first sight, the date of 1600 BC - 
seems compatible with date of 1626 BC A 
from the frost damage record’, it must be — | 


remembered. that 1600 BC is at the 


beginning of Late Minoan I A, while the 
Theran eruption is certainly after the 
beginning of Late Minoan I A (ceramics 
from that period are present in the 
buildings predating the main destruction. 
buildings at Akrotiri) — in fact there isno 
known stage of pure Late Minoan I A later. 
than the Theran destruction deposits, | 
themselves linked by ceramics toat least six 
other Late Minoan I A deposits in Crete. y 
Thus from the archaeological evidence the _ 
Theran eruption does not appear ‘to be | 
datable anywhere near 1626 BC or even” 
1600 Bc. At present the balance of the 
archaeological evidence dates the end of 
Late Minoan LA no earlier than about 1500 
nc. If the eruption is linked to the great. 
Cretan destructions of Late Minoan I B, its” 
archaeological date would be about 1450 
Bc, which is near the date of 1390 + SO BC. 
established by Hammer et al.?. 3 
Radiocarbon dates from destruction 
contexts at Akrotiri®!°!6!7 also do not. 
offer strong support for the 1626 BC date... 
Of the ten short-lived samples, six, after 
calibration, fall in the 17th century BC, one 
is a little earlier, another is 1490 + 50C 
and two are well back in the tish 
millennium. Moreover, they may W q 
yielded dates older than a true date!®. 3 
Just how secure is the suggested corre- 
lation of the frost event at 1626 BC with the 
Theran eruption? First, according to. 
Tables 1 and 3 in the paper by LaMarche. 
and Hirschboeck', for 9 of the 19 defined | 












| volcanic events since AD 1500 there are no 


corresponding frost-ring events — that is, 
there is only about one chance in two that. 
an eruption will induce notable frost-ring. 


damage. Furthermore, of 17 listed frost. 


events since AD 1500, 7 do not correspond. 
to a listed major volcanic event. i 

Second, if we compare the de 
Campi 









which produced the 1626 BC date, with 
other tree-ring data from. western USA. 
(Table 1), of the 26 listed notable frost-ring 
events (including the one at AD 1500) since 













































THe 0) 4 
erhaps because smaller sample criteria 
ere allowed for Table 3, White 
Mountains). Of the 13 White Mountains 
frost-ring events, only 5 correspond to 
ited volcanic eruptions. Finally, of the 11 
bservable joint occurrences (frost-rings 
d eruptions) since AD 1500 (and counting 
e AD 1500 events as a joint occurrence) 
only 3 appear in the White Mountains 
frost-ring sequence. 
_. Third, with 19 major volcanic events 
listed since AD 1500, extrapolating back 
over the complete White Mountains 
-sequence (to 3435 BC), one would expect 
201 volcanic events. Even if every listed 
->> frost-ring from the White Mountains were 
“postulated to match a notable volcanic 

-event (and clearly more than half do not) 
the record of just 14 pre-ap 1500 frost- 
rings from that source means that it would 
_ be picking up only about 1 in 14 of the 
_ postulated 201 volcanic events. 
Fourth, frost-ring events are proxy data 
-~ -- they could be caused by volcanic 
-~ — eruptions; but they could equally well be 
-~ caused by other influences on climate. By 

contrast, high acidity peaks seem to be 
roduced specifically by volcanic 
ptions, For the period 3435 BC to AD 
1963/5, of the 23 eruptions producing high 
acidity peaks listed by Hammer, Clausen 
and Dansgaard, only about 10 correlate 
with frost events, while no less than 26 out 
of 36 frost events have no matching acidity 
peak. The frost event of 1628-6 BC has no 
matching acidity peak, the nearest being in 
2690 + 80 and 1390 + 50 Bc. 

On this evidence, it would seem there 
is little support for linking the White 
Mountains frost-ring event at 1626 BC 
specifically with the eruption of Thera. 
Moreover the link is not substantiated by 
archaeological data, nor strongly sup- 
ported by radiocarbon evidence from 
Thera. B 
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| A soft superionicall 
lower mantle? 


Jrom Robert W. Cahn 








































THE meagre contribution so far of 
materials science to the general under- 
standing of the Earth’s mantle is about to 
be enriched, in part by the study of ionic 
crystals whose properties may be a guide to 
those of the mantle rocks, with their 
capacity to undergo plastic deformation 
_ and with their large electrical conductivity. | 
Two lines of geophysical arguments |- 
have helped to define what needs to be 
explained. First, studies of post-glacial 
rebound, the gradual rising of the Earth’s 
surface after the removal of overlying ice 
sheets, is a pointer to the viscosity of the 
convective mantle. Some, however, 
propose a uniform viscosity for the whole 
mantle, others, layered viscosity vari- 
ations. Weertman ' takes it as probable that 
the lower mantle is orders of magnitude 
more viscous than the mean mantle 
viscosity. 

Second, the conductivity of the mantle, 
especially at its lower levels, is linked with 
the delays between changes in the magnetic 
field of the core and its manifestation at the 
Earth’s surface — what magneticians call 
magnetic viscosity. Thus Anderson2 has 
recently pointed out that the delay 

associated with a magnetic ‘jerk’ such as 
that of 1969 must be intimately linked with 
mantle conductivity, but has also drawn 
attention. to the difficulties in putting a 
value on the mean conductivity from such 
observations. Nevertheless, Stacey? has 
estimated, from such data together with an 
analysis of the secular variation of the 
length of the day, an electrical conductivity 
at the bottom of the mantle (itself orders of 
magnitude higher than in the upper mantle) 
of 100-500 Q ~m, 

It is widely held that the major con- 
stituent of the lower mantle is a pressure- 
induced polymorph of pyroxene, 
(Mg,Fe)SiO;, with perovskite structure. 
The implication is that the mantle is 
chemically but not Structurally homo- 
geneous (though Whaler* has recently 
advanced seismic arguments for presuming 
chemical heterogeneity). | 

In assessing the compatibility of the 
conventional model of the lower mantle 
with the values of viscosity and conduc- 
tivity needed to fit data on glacial rebound 

and magnetic delay, the difficulty arises 
that (Mg,Fe)SiO, of perovskite structure 
can be made in the laboratory only at such 
high pressures, and therefore minute 
17,. Michael, H.N, in Thera and the Aegean World Vot.2 (ed. volumes, that direct measurements of its 
Doumas, C.) 245 (Aris & Phillips, London, 1980). 


a properties are not feasible. 
s: 7 F, Teame annan eanan aneen a * = 
aS ti ; m In any case, in spite of the large numbers 
< Peter Warren is Professor of Ancient History eae a ) 5 
_ and Classical Archaeology in the Department of | Of perovskite-type compounds known’, 
Classics and Archaeology, University of Bristoi, | there has been no investigation whatever of 
ol BS8IRI 


the plastic deformation of any of them. 






















































temperatures. eis, 

The special importance of the work oi 
Poirier and his colleagues is that they 
examined the mechanical as- well as 
electrical behaviour of KZnF;, showing 
both that it becomes a superionic. 
conductor and that it acquires a low 
viscosity above the same critical temper- 
ature range. This remarkable finding is of - 
importance both for geophysicists and for. 
materials scientists. hh ee 

Specifically, Poirier etal, have measured — 
the creep curves of oriented crystal slices of | 
KZnF, between 650° and 844°C and 
electrical conductivity between 650° and 
800°C. Both primary and steady-state 
creep was observed. The latter has approxi- 
mately newtonian characteristics, with a 
rate proportional to stress at a fixed 
temperature. At a fixed stress, the creep 
rate increases with temperature up to 
750°C, decreases slightly between there — 
and 800°C and then increases steeply at 
higher temperatures. Boe ge 

The conductivity rises slowly with — 
temperature up to a value of 0.8+0.2 x 102. 
Q- m? at 700°C and then rapidly to : 
1,941.8 Q~! m! at 800°C, with most of the 
increase between 700° and 750°C. The 
values agree well with those reported for 
NaMgF, by O’Keeffe and Bovin — but: 
-note the high degree of experimental. 
scatter near 800°C. a 
_ Weertman’ had already concluded that. 
_ newtonian creep is necessary to account for 
observations. of post-glacial rebound.. 
_ Newtonian creep usually involves diffusion. 
(Nabarro) creep in fine-grained materials 
not in single crystals as in Poirier’s work 
Poirier et al. conclude that they have 
observed an example of Harper-Dorn 
creep, a mechanism reported many year: 


ago but badly understood. They argue that 
the sharp increase of diffusivity 0 
ionic species, here F^, associated wi 
advent of superionic conduction (s¢ 
example, ref. 8) should hinder creep 
promoting the climb and immobiliz 
of some dislocation segments in cryst 
KZnF. Consequently, dislocations $) 
hot multiply in the familiar way du 
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sa dri trate proportional to stress. 


oirier et al. also discuss in some detail | 


possible mechanisms for the hardening of 
the crystals between 700° and 750°C. They 
further point out that, once the crystals 











sublattice effectively ‘melts’? and this 
entails a change in the core structure of dis- 
locations to a B2,ß -brass type, with 
resultant easy slip on {100} as observed. 
From a geophysical standpoint, if 
perovskitic (Mg,Fe)SiO, behaves similarly 
to KZnF,, and if it is is indeed the major 
constituent of the lower mantle, then the 
viscosity of the mantle would not increase 
with depth, as has hitherto been assumed, 
but might actually decrease below ~ 700 
km. The maximum conductivity of KZnF;, 
about 2 ~ m” is still about two orders of 
‘magnitige less than the value deduced as 
consistent with superionic conductivity in 
perovskitic (Mg,Fe)SiO,. But as the 
maximum conductivities of known ionic 
conductors range up to 500 Q -i m” this 
disparity poses no problem. 
To materials scientists, the interesting 
-feature of these measurements is the occur- 
<< rence, in a narrow temperature range, of 
=: steep changes in both viscosity and conduc- 
tivity. A check through two major 
=s conference proceedings concerned with 
© superionic conductors®'° reveals no 
= investigations whatsoever of the 
mechanical characteristics of any member 
_ of this family of materials. 
>o There is, however, another family of 
-crystals which shares with superionic 
-conductors the characteristic that one sub- 
lattice only undergoes progressive 
-> disordering as the temperature isincreased. 
These are the plastic crystals, organic 
< compounds in which some of the molecules 
acquire both positional and orientational 
_ disorder and which are so called because, in 
the partially disordered state, they become 
extremely soft so that some will flow even 
under gravity, When that happens, self- 
-diffusivity also becomes extremely high 
and it is widely assumed that the two 
changes are linked, but the nature of the 
relationship is not clear. 
~The general characteristics of positional 
and orientational disorder in many types of | 
and of the flow and self-diffusion of plastic 
‘erystals are all very clearly set out in an 
1 Wecnman, J. Phil, Trans. R. Sac, A288, 9 (1978), re 
2.. Anderson, D.L. Nature 307, 114 (1984). 
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conductors (ionic) have similar 


become superionically conducting, the F~ 


‘Superconductivity 


Nitride offers 30K transition? 


from D.A. Papaconstantopoulos, W.E. Pickett, B.M. Klein and L.L. Boyer 


stal, including ionic superconductors, | 
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characteristics, the work of Poirier anc 


-colleagues has nevertheless opened 
entirely new field of research into the | Professor of Metallurgy at the University 
` Paris-Sud, and can be contacted at 6 Storey’ 
` Way, Cambridge CB3 ODT. a 


relation between the disordering ór 
‘melting’ of one sublattice in a crystal and 


MATERIALS capable of making a transition 
to the superconducting state at a temper- 
ature significantly greater than the liquifi- 
cation temperature of hydrogen would 
have important applications in technology, 
for which reason it is disappointing that 
there has been no increase of the largest- 
known transition temperature, To in the 
past ten years. Suggestions, on theoretical 
grounds, that mechanisms of super- 
conductivity other than the interaction 
between phonons (lattice vibrations) and 
electrons could yield higher values of T, 
have not so far materialized. In what 
follows, we argue that the Bl crystal 
structure of molybdenum nitride, MON, isa 
prime candidate for a ‘high-temperature’ 
superconductor and that it should have 
a transition temperature in the region of 
30K. 

The quality of the numerical results of 
theoretical studies of the electron-phonon 
interaction and T, in the past decade 
largely parallels the accuracy of energy- 
band calculations for metals and metal 
compounds (for reviews, see refs 1,2). The 
experience of our group and. others 
suggests that the Bl-structure carbides and 
nitrides are good candidates for materials 
with high T., and for two reasons. First, in 


these materials, the density of electronic 
states at the Fermi level, MEp), is relatively 


high. Second, the electron-phonon matrix 
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Fig.1 a, Densities of electronic states at the Fermi level, ME g), versus metal atom in the 
| Bi-structure nitrides. b, Stoner parameter, NE spr versus metal atom in the Bi-structu 
| nitrides. M(E,)I,,>1 indicates a magnetic instab: 

| for the Cr(V) ) 
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elements are large, a reflection of the 
strength of metal-carbon and metal- 
nitrogen bonds. Both these attributes 
favour high 7, but they also lead to 
structural instabilities which make it 
difficult to stabilize the stoichiometric 
structures, or magnetic instabilities which 
quench superconductivity. 

In the past few years, we have 
nevertheless calculated the band structure 
and the superconducting properties of a 
number of transition-metal carbides a 
nitrides with NaCl structure'>. Since thay 
calculations are in good agreement wH? 


experiment, we are confident of our . 


predictions by similar calculations for 
other materials in the same class which 
have not so far been produced in the 
laboratory. Recently we proposed® that 
MoN in the BI (NaCl) structure should bea 
superconductor with T, ~ 30K. 

The equilibrium MoN phase diagram’ 
reveals a hexagonal compound, 6-MoN, at 
a strict one-to-one atomic ratio which is 
stable below 800°C, but with available 
methods of preparation (sputtering, 


electron beam evaporation, shock com- __ 
pression vapour deposition and ion = 


implantation) it is not unusual to form 
metastable phases such as Bl-structure 
MoN. Given the predicted high value of 4 
for this material, we believe thatga 
concerted effort to induce its formati¥ 
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and WN as well as NbN and MoN (Fig. la). 
| going from the group v to the group vi 
compounds, N(Ef) increases substan- 
ally, which is a signal for supercon- 
ductivity or, possibly, for magnetism. Note 
that MoN has a value of N(E_) more than 
twice that of NbN, which is itself a high-7, 
material. 

fo quantify the tendency towards 
agnetism, we have plotted in Fig. 1b the 
quantity N/,,, 

















calculated by the Stoner theory™!?, CrN, 






to be ‘magnetic in the BI structure, in. agree- 


MoN does not come near the Stoner 
-Criterion (NI, >1) for magnetism. It has 
been suggested !! that in VN, spin 
-fluctuations suppress T., but in spite of the 
“large value of N(E,),.MoN has a much 
> lower value of NI, not unusual for good 
EA superconductors. We conclude that the 
== wole of spin fluctuations in MoN is not 
_ f dominant and therefore leaves it as a prime 
candidate for high T.. 

The strength of the electron-phonon 
interactions assessed by n= N(Ep) A 
(where 12, is the electron-ion 
scattering matrix element), reveals that 
both the metal and the nitrogen con- 
tributions show a very distinct maximum at 

>.. MON (Fig. 2a). It is interesting that the 
. quantity n, unlike Stoner’s N(Ep Mp which 
scales as N(E;-), does not follow N(E,). 
‘Thus CrN, despite a very large M(Z,), hasn 
smaller than that of MoN. We have also 
_. used neutron-scattering data'? and Debye 
temperature results??? for the NbC,,N 
“system to estimate the force constants 
~ M<w*> and hence to obtain the coupling 
constant A, which reaches a pronounced 
aximum for MON (Fig.25). 
\pplication of the Allen-Dynes'* form 
of the McMillan equation gives the super- 
= conducting temperatures shown in the 
table. It will be seen that T, for VN is over- 
; estimated by about a. factor of two, which 











2 Sern 




















of the superconducting transition temperature 


T T exp 
19.7 8.6 
17.1 16.0 
14.6 8.2 
12.4 - 
29.4 ~ 


, the product of N(Z,) and the | 
generalized ‘exchange matrix element 


` with avery. large N(E;), is clearly predicted | 


-ment with experiment. VN and MoN have 
large” values of N(Ep), but nevertheless — 


‘Comparison of calculated and measured values — 


cohen properties sof VN, CrN, T | ~ 





















the Periodic Table. 
value of 7. for TaN, approximately 15K, 


differs from the measured value'® of about- 


8K, but we believe that much of this dis- 
crepancy arises because we have estimated 
the phonon moments by scaling from 
measurements of the NBC, N, system), 
Transition-metal. carbonitrides often 
form with vacancies on the non-metal 
sublattice, and we have estimated the effect. 
of nitrogen vacancies on our prediction by 
coherent protential approximation (CPA) 
calculations for MoN,. Our model, 
previously applied to NbC, and TaC, 
(ref.4), assumes that the metal sublattice 
remains unchanged while the nitrogen sub- 


lattice contains vacancies at random. We 


have. used the tight-binding form of the 


CPA, which involves a tight-binding fit to 
the MoN energy bands and a ait ry 


determination of self-energies E | and E, 


corresponding to the s and p ‘nitrogen | 


orbitals. Our results for x = 0.99, 0.98, 
0.95 show that N(Ep) remains within | per 
cent of the stoichiometric value. Although 
Ep lies at a peak in N(B), it is not a narrow 
peak (contrary to the case in some high-T, 
compounds) and so is not sensitive to 


disorder. So even witha modest proportion | 
_of N vacancies, MoN should have a high T, 


in the BI-lattice form. 
The only experimental report of B I MoN 


is that of Saur and collaborators", who. 
identified it as a second phase in a sample- 


that was primarily hexagonal {WC type’). 
pints value of the cubic lattice constant, 
= 4.16 


measured lattice constants in the MoC, and 
NbC,_, Ny systems. If 4.25 Ais the correct 


value, using the lattice constant behaviour | 


in MoC, as a guide indicates that a sample 
with a = 4.16 Å contains 30-40 per cent N 
vacancies. It would be very useful to have 
the work of Saur ef al. verified 
independently. Recent experiments by 
Fuller et a/.'® using radio-frequency 
reactive sputtering led to the discovery of a 





new metastable phase of hexagonal MoN, fi Soliäs Section, Condensed Matter 
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but the BI structure 
We wish, finally, 





Er aruetire nitrides. b, PIE Or- PhNON. mass a enhancement factor i “for the E Bi-structure 
“Nitrides. Aror = Amer + Àn- The solid (dashed) curves connect points for the Cr(V) columns i in 


compounds which are known to ae 


| 14. Allen, P.B. & Dynes, R.C. Phys. Rev, B12, 905 
A, i is 2 per cent smaller than our 


eiae value of 4.25 Å derived from | 


























both the B1 and hexagonal (WC) phases __ 
have the highest 7, in the BI phase. For 





example, WC-structure MoC has T.=%K 


compared with 14K in the BI structure. — 
Considering that WC-structure MoN has 


been reported to have T. of 15K (ref. 19), it. 


may be anticipated that Bl-structtre MoN 
would have considerably higher 7,. These. __ 
arguments, as wellastheempiricalrulesfor  __ 
the carbides and nitrides, support the: 
ideaofhigh T.inBl-structureMoN. ©.” 
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rom Gerry Shaw 


THERE seems to be a curious rule concern- 
ing our understanding of elements of the 
neuronal cytoskeleton. The components 
which were discovered first have proved to 
be the most difficult to characterize bio- 
-chemically and comprehend functionally. 
“Thus neurofilaments and postsynaptic 
densities (PSDs) were visualized both at the 
light and electron microscope levels well 
before microtubules and microfilaments, 
yet the major subunits of microtubules and 
__ microfilaments were already characterized 
at a time when our knowledge of the bio- 
‘chemical make-up of neurofilaments and 
PSDs was confused. For neurofilaments, 
the mists began to clear about nine years 
ago asa result of data derived from studies 
of axonal transport’. But PSDs have 
remained shrouded in mist. In the light of a 
_. few recent papers on the subject it is worth 
-asking when that is likely to change. 
< In the central nervous system, the PSD 
complex is visualized by electron micro- 
scopy of ultra-thin sections as a clump of 
-very electron-dense material apparently 
adherent to the postsynaptic membrane. 
Fine filaments can often be seen to extend 
from. this dense clump. The size of the 
<- complex is variable, as is the shape, and it 
has been suggested that such morphologic- 
al differences are correlated with neuro- 
> transmitter type’. Much work has been 
> directed towards identifying the protein 
_ constituénts of PSDs. Presumably the 
protein that makes the fine filaments is a 
_. major component of total PSD protein. 
_ One would also expect to find some sort of 
-protein or glycoprotein involved in gluing 
the complex to the postsynaptic mem- 
— brane. Finally, if the complex acts as an 
anchoring structure, it is possible that a 
-> variety of different synapse-specific 
enzymes and receptors might be bound to 
| jt. These constituents would add bio- 
chemical complexity to the PSD complex. 
=A further complication is that different 
proteins may be associated with different 
types of PSD. Accordingly, it is perhaps 
not surprising that the PSD has been so 
‘intractable. 
_. An obvious way to find out which pro- 
teins make up PSDs is to examine bio- 
‘chemically a fraction of brain material 
‘which, by electron microscope criteria, is 
composed predominantly of PSDs. Using 
s approach, actin, fodrin, tubulin, 
‘almodulin, synapsin I 
§0,000-molecular-weight (SOK) protein 
‘(called the ‘major postsynaptic density 
protein’) have all been postulated as 
mponents of the PSD. Another 
approach has been to react sections of 
sue with antibodies. specific for 


















nown proteins and to see, by light 
microscopy, whether PSDs | 


and a. 






_ protein 


are stained. Actin, tubulin, an intermediate 


filament protein, synapsin 1, calmodulin 
and microtubule-associated protein 2 have 


been implicated as part of the PSD by this 


approach. In addition, a group of 
glycoproteins found in synaptic junction 
preparations and originally identified by 
their ability to bind lectins, could be PSD 
constituents (see, for example, ref. 3). 

If all these results are correct, the PSD 
must be an extremely complex structure. 
So could some of them be due to co- 
purification of proteins found outside the 
PSD complex or to spurious immuno- 
reactivities? Some data included in two 


-recent papers, suggest that could some- 


times be the case. 

Thus Matus et al. found neurofilament 
proteins and glial fibrillary acidic protein 
(GFA), the components of the inter- 
mediate filaments of neurones and astro- 
cytes, in the purified PSD fraction routine- 
ly used for biochemical experiments’ and 
went on to show that purified radiolabelled 


GFA, added to brain material at the start of | 
the standard PSD preparation, also ended 


up in the final PSD fraction’, clearly 
indicating that its presence there was 
artefactual. Therefore the presence of a 
protein in the standard PSD preparation 
does not necessarily indicate that this 
protein is also an in vivo component. Anda 
carefully controlled immunoelectron 
microscopical study of synapsin 1 showed 
that claims it was a true PSD constituent 
were wrong and probably founded on non- 
specific binding of the antibody to PSDs’. 
So immunological approaches may also be 
problematical; the PSD seems to be a 
‘sticky’ structure presenting special 
problems to the biochemist and the 
immunologist. 

More recently, Landis and Reese® 
examined the structure of dendritic spines 
in the mouse cerebellum using John 
Heuser’s technique of rapid freezing, deep 
etching and rotary shadowing. They found 
that the PSD was composed of a mass of 


fine filaments with a diameter of about | 


4nm, much smaller than that of actin- 
containing microfilaments clearly visual- 
ized in other regions of the dendritic spine. 
The diameter also makes it unlikely that the 
PSD filaments are composed of micro- 
tubule or intermediate filament proteins, at 


least in their usual conformations. What, | 
then, are these filaments made of? , 
It would have been neat if the answer had 

been the SOK protein of PSD. However, the 
protein is apparently absent from cere- | 
bellar PSDs and, in an important paper, | 
‘Kennedy et al. recently demonstrated that | 
the SOK protein is indistinguishable from a 
component of a calmodulin-dependent | 

protein kinase of brain tissue’ andispartof | B 


subunits, both of which can be detected in 
PSD preparations’. Gel filtration stud 
suggest that the diameter of the ho 
enzyme should be about 20 nm, and it is 
interesting that particles of about this size. 
have been detected in electron micro 
scopical studies of PSD preparations” 
Since Kennedy et al. have a monoclonal - 
antibody against the a subunit they should 
be able to check whether the protein is a 
true component of PSDs in vivo. In any 
case, it seems inconceivable that the PSD 
filaments are composed of subunits of the 
enzyme. 

Bearing these results in mind, what do we 
really know about the components of 
PSDs? The answer seems to be that we can 
still only guess at the make-up of the PSD 
filaments, the dense material and the 
membrane attachment, if these are indeed 
distinct elements. Weshould, at least, soon 
know whether the major PSD protein is 
really a component of the PSD complex in. 
vivo and, if so, in what form it appears Ig 
the complex. For the future, comparison of ` - 
PSDs with some of the better understood. 
cell-to-cell and cell-to-substrate contacts 
might also be illuminating. We might find 
proteins in PSDs related to proteins of 
desmosomes or adhesion plaques. Perhaps 
we must look for the protein components 
of the PSD filaments in the many minor > 
bands found on polyacrylamide gels of 
PSD preparations (see ref. 11 for example). 

It is even possible that the filament 
component may have been completely: 
missed due to its lack of solubility in gel 
sample buffer, as was the case with the 
protein or proteins of the paired helical 
filaments found in the brain of patients 
suffering from senile dementia of the 
Alzheimer’s type". It has been supposed. 
that such paired helical filaments are co 
posed of modified neurofilament prote] 
though recent data do not confirm 
view, and indeed leave the identity of th 
subunits of these filaments an open 
question!?, Since the paired helical 
filaments are found in neurones which .. 
typically have thousands of PSDs, could it 
be that they are the result of overproduction. 
of a PSD filament protein? At present... 
there are not enough data to muzzle > 
speculation. eae 
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and Caledonides 


Drummond Matthews and Alfred Hirn 


- WE wish to point out some striking simi- 
-Jarities that have been revealed by recent 
-geophysical investigations? of two 
collision mountain belts, the major 
orogenic belts of the Himalayas? and the 
ond 
~The spectacular mountains of the 
oe imelayvae are the result of collision 
=C between India and Eurasia, and gravity 
-> -Measurements® indicate a doubling in 
_ thickness of the continental crust beneath 
-< both the High Himalayas and the Tibetan 
noe plateau. This has usually been regarded as 
=: = having occurred by the sliding of the entire 
= Indian crust under that of Eurasia, but 
explosion seismology by a joint French- 
Chinese team! suggests a more complex 
interdigitation of slices of lower and upper 
"4 crusts. About 400 million years ago, a simi- 
<ar collision between continents was 
A probably responsible for the creation of the 
~“Caledonide belt, whose dismembered roots 
can now. be traced from Florida to East 
Greenland and northern Norway. Results 
from the BIRPS reflection profiling 
project’ indicate a gross crustal structure 
remarkably comparable to that of the 
Himalayas. 
= -The French-Chinese expedition shot a 
-long reversed critical to wide-angle seismic 
-~ profile in southern Tibet, parallel to the 
trend of the High Himalayas. This 
established the crustal velocity structure 
and found the depth of the Moho to be 70 
km. The expedition also made a fan profile 
along a road running across the Himalayas 
into Nepal, recording super-critical 
reflections from the Moho. These arrivals 
e easily seen on the seismograms and, 
D Ming the velocity structure observed 
north of the Himalayas, have been 
converted to depth to provide the basis for 
=- Figa, with the Moho asa marker horizon. | 
->> The figure suggests that crustal thickening 
takes place by large-scale imbrication: 
imbrication of the upper crust occurs along © 
(mapped) northerly dipping thrusts, the 
Main Central Thrust and the active Main 
. Boundary Thrust, and imbrication of slices 
-of the lower crust and uppermost mantle 
: along. (inferred) southerly dipping thrusts. 
The BIRPS deep seismic reflection 
rofile extends from the north coast of 
cotland across the Lewisian foreland west 
the Hebrides, passes between Ireland 
nd Scotland and terminates off central 
Wales. It crosses all the major faults of the 
British Caledonides. For most of the 1,000 
-km long line, the lower crust is strongly 
: reflective, characterized on unmigrated 
sctions by. short (<3 km) discontinuous 
lections. The Moho, labelled by. 
experiments, ‘is believed. to 
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coincide with the bottom of this reflection be 


zone’. 


Major thrusts known from surface i 
| mapping on land, notably faults suchas the 
Sgurr Beag slide, the Moine Thrust, the | 
: Outer Isles Thrust and the South Irish Sea | 
lineament, can be traced down to the- 


reflective lower crust where they are lost. 


The strongest reflector in the upper mantle. 


has been dubbed the ‘Flannan Thrust’. 


Naturally, the implied interpretation is’ 
speculative, but the feature appears to be | 


subparallel to the Outer Isles Thrust: A 
similar reflector appears. off northern 
Ireland where we believe it to be displaced 


by the transcurrent Great Glen Fault. The 


Flannan Thrust can be seen as a very strong 


reflector coming up from the base of the: | 
section at about 45 km (Fig. Ib}. It is lost in. 


the layered lower. crust. We suggest that 
this feature is similar to those southerly 
dipping thrusts inferred from the 
Himalayan cross-section, which bring up a 
slice of lower crust, Moho and uppermost 
mantle. 

We believe that imbrication of the conti- 
nental lithosphere occurs in Tibet along 
thrust faults both near the top surface and 
at the interface between the crust and 
mantle, and that these depths correspond 
to. brittle layers in which earthquakes 
originate, Chen and Molnar® have demon- 
strated that earthquakes occur in Tibet in 


a 


| Fig. if Cartoon: of the results of 
~French-Chinese fan shooting: acrossthe 
Himalayas (after tef. 1). Northerly 
dipping thrusts exposed at the surface 
include the Main Boundary Thrust 
(MBT), Main Central Thrust (MCT) 
and the Kangmar Thrust. The imbri- 
cated Moho marker horizon is deduced 
from wide-angle reflections and its 
shape implies the southerly dipping 
thrusts indicated by short dotted lines. 
b, Cartoon of the results of BIRPS 
deep reflection profiling off the coast 


of northern Scotland, based on hand-migrated data. The Outer Isles Thrust (OIT) and ihe: 
easterly (E’ly) dipping faults! north of the outcrop of the Moine Schists terminate in the 
. The Flannan Thrust (FT) comes up from beneath the Moho and alse 
e lower cı crust. The section. is about. 190 km long and the Mohoi isa 


layered lower crust 
appears to terminate 
depth of 25-30 km. - 





Everest 





















will be brittle at the temper 
-crust-mantle interface but beco 
_where it is deeper and hotter. 
Arguments about the origi 
reflections from the lower crust 
now been observed on normal 
i profiles in three continents turn on th 
effects of free water or of ductile defor 
mation of the rocks'®"?. It is tempting to 
speculate that the reflective lower crust is 
also the ductile lower crust and it would be 
of interest to obtain a profile across an 
active thrust zone, where earthquake depths 
. and mechanisms had been determined. 
Thrust faults that are no longer 
seismically active — the Wind River Thrust _ 
in Wyoming" and the Outer Isles Thrust, - 
for example are known to be associated _ : 
-With reflectors, although the physics of the a 
“reflective zone is not understood. 
Reflections from these thrust fault zones __ 
have been traced down into the lower crust, 
where they are lost above the Mobos 
Likewise, the Flannan Thrust is.a strong 
reflector in the uppermost mantle butislost 
in the layered ductile lower crust. We 
- believe that these features, seen on profiles 
of the 400 million year old Caledonides, are. 
analogues of the present-day ¿thrusts 
inferred beneath the Himalayas. If thatis 
so, then crustal thickening during the. ce 
Caledonian orogeny may also have 
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each other, but rather as the result of 
separate doubling (by decoupling and 
thrusting) of the upper crustal and lower 
crustal layers (plus Moho)’’!. Whether this 
model can be applied to other orogenic 
belts remains to be seen. a 
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© DEEP-SEA FISHES OF THE “TALISMAN” 
In Tue exhibition, now open at the Jardin des 
Plantes, Paris, the great interest of the fish 

captures of the Talisman centres in the 

remarkable forms taken from the depths of the 
sea, The question of whether certain fish inhabit 
certain zones of depths was closely considered, 

and is answered in the affirmative. These zones 
are of very considerable depth, varying from 600 
‘to over 3650 metres, and in bringing up 
specimens from such areas of great pressure 
these suffer immensely through the phenomena 

caused by | phe rapid decompression of the air, 
more remarkable effects being dilation of 

im bladder, the eyes peng SIES out of 


sition of two whole normal crusts on | ite 


The genetic manipulation of 


crop plants 


from Ben Miflin and Peter J. Lea 


Two recent UK symposia* devoted to the 
genetic manipulation of plants addressed 
the same question: ‘what has it done for 
agriculture?’. The superficial answer might 
be: ‘so far, not much’. But that would be to 
misunderstand the long-term nature of 
crop science. Bear in mind, for example, 
that although the initial sexual cross in the 
production of the currently successful 
wheat cultivar Avalon was made in 1969, 
the variety was only ready to be released in 
1980 — a period that more than econom- 
passes the whole history of recombinant 
DNA technology. Moreover, the amount 
of information available and the number of 
systems under study are already impressive 
compared with what was known and fore- 
seen five years ago. What then has been 
achieved? 

For a start, recombinant DNA tech- 
niques for gene isolation have been applied 
to a wide range of crop species. The work 


their orbits, and the scales clothing the body are 
shed. In some cases even the fishes body has 
become smashed into pieces. 

In some of the deep-sea fishes peculiar 
organs, unknown for the most part among 
surface fishes are to be found. Long filamentous 
organs are to be met with showing apparently a 
brilliant type of phosphorescence. One of the 
most singular is that to be seen on a fish 
represented in the annexed woodcut. In this 
form (Eustomias obscurus) the tactile organ 
takes the appearance of along filament, which is 
placed underneath the lower jaw, and which 
ends in an inflated and rayed knob-like 
phosphorescent mass. 


From Nature 29, 483, 20 March 1884. 


o irian by the Phytochemical Society of ae London, 
aa 19-20 December 1983, - . 








has centred on the genes for the most. 
abundant proteins, such as ribulose bis- 
phosphate carboxylase, an enzyme of the 
carbon-fixation cycle, and the seed storage 
proteins of cereals and legumes. From this, 

a pattern of organization is emerging in 
which each major group of cereal proteins 

is encoded by one or more complex multi- 
genic loci, the individual genes of which 
contain a number of different tandem and 
interspersed repeats (B. Forde et al., 
Rothamsted), The genes themselves, 
particularly those of the legume storage 
proteins, appear to have a conventional 
structure of coding sequences interspersed 
with introns (D. ‘Boulter, University of 
Durham). Currently the flanking regions 
of various plant genes are being searched 
and tested for sequences that are importan 
in controlling the expression. of gene 
particularly in response to environmental 
stimuli such as stress or light. 

Although the study of plant protoplasts 
is expanding and the list of species that can 
be regenerated from protoplasts grows ever 
larger, monocotyledonous species are 
notable by their absence and techniques 
producing large number of regenerants at 
high frequency have only been worked out 
for very few species. Protoplasts are 
potentially valuable for at least three 
reasons. First, new genes can be introduced 
into plants through protoplasts, whose co- 
cultivation with Agrobacterium appears to 
be an efficient way of going about the task 
(J. Schell ef al., Max-Plianck-Institut, 
Köln}. Second, the selection of plant 
mutants by screening protoplasts is, im- 
theory, valuable. It has, for example, led tg 
mutants deficient in nitrate reductase J 
Mendel and A. Muller, Akademie @°" 
Wissenschaften, Gatersleben, GDR), but 
in general the technique has been 
somewhat disappointing and many 
workers have turned to other methods. | 
Third, protoplast fusion offers a way of 
combining species that are not sexually 
compatible. 

Although progress in the development of 
protoplast and tissue culture techniques 
has been slow and frustrating, the tech- 
niques have an immediate application. 
Micropropagation of high-value crops is of 
increasing use in the horticultural indust 
(G. Hussey, John Innes Institute) and the 
is considerable interest in the exploitation 
of the variation (‘somaclonal variation’) . 
induced by passage of plants through — 





















*ARS genetic manipulation of crop plants: $ years on, © 
organized by the Agriculture and Food Research Counci, | 
Cambridge, 12-13 December 1983, and ‘The genetic. ; 
manipulation of plants and its application ia un ere 
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otoplast or tissue culture and the use of 


tissue cultures in the manipulation of 
ploidy (D. Ingram er al., University of 
~ Cambridge). Hundreds of lines of potato 
_. and wheat plants derived from culture are 
`- “being evaluated by state and commercial 


AA breeders, 


/ © The application of precise gene transfer 
— to yield new cultivars seems some way off, 
even though crop plants such as potato 
have been successfully transformed and 
taken through a tuber generation (G. Ooms 
et al., Rothamsted). The reason is the 


absence of genes, and even of the 
knowledge of which genes, to transfer. 


Since this problem stems largely from gaps 
in understanding of plant biochemistry, 
many of the techniques described above are 
_... being used to investigate aspects of plant 
-= metabolism, 
= < Nitrogen and carbon metabolism have 
<o been the first to be attacked. The con- 
-tribution of the Rhizobium genome to 
nitrogen fixation in the root nodules of 
legumes is being analysed rapidly and genes 
for fixation, nodulation and symbiosis 
have been characterized (J. Downie and A. 
Johnston, John Innes Institute, and see 
j se columns in Nature 306, 639; 1984). 
lant genes involved in the symbiosis that 






leghaemoglobin (D. Collinge et al., Aarhus 
University) and, more recently, glutamine 
Synthetase (J. Cullimore et al., 
Rothamsted). Cloning of other genes 
important in nitrate and ammonia assimi- 
lation is reasonably advanced only in 
prokaryotes (J. Wootton, University of 
Leeds). Genes for both subunits of ribulose 
bisphosphate carboxylase have been 
isolated; since that for the large subunit can 
be expressed in Escherichig coli, the way is 
open to explore structure~function 
relationships through in vitro mutagenesis 
(R. Ellis, University of Warwick, and A. 
Gatenby, Plant Breeding Institute), 

irected in vitro mutagenesis affecting the 
ive site of the single-subunit carboxylase 






been achieved (S. Gutteridge and G., 
Lorimer, Du Pont de Nemours, 
Wilmington). Nitrogen and carbon meta- 
bolism have also been investigated with 
defined biochemical mutants. This has led 
to a better understanding of the pathways 
and their regulation as well as to new lines 
of barley with greater amounts of 
nutritionally essential amino acids in the 
seed (S. Bright et al., Rothamsted). 
Another active area of molecular 
biological investigation is the level at which 
= genes are controlled in the defence 
Mechanisms of plants against disease and 
ress as well as in the normal development 
Of plants. For example, considerable 
_ Progress has been made in identifying 
_ mRNAs involved in the early steps of phy- 
_ toalexin (plant fungicides) biosynthesis (K. 
= Hahlbrock et al., Max-Planck-Institut, 
=Köln), and the heat-shock proteins of 













‘choffl et al., Bielefeld, FRG and 





"have been isolated include that for. 


lants and their mRNAs have been identi- . 





Rhodospirillum rubrum has already 
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synthesis of mRNAs appears to be largely 


controlled at the level of transcription. 


Other systems, yielding equivalent infor- 


mation, include the induction, by light, of 


the genes of certain chloroplast proteins 
(T. Gallagher ef al., University of 
Warwick) and the activation of genes 
involved in fruit ripening (D. Grierson et 
al., University of Nottingham). 

In summary, despite the activity and 
considerable progress reported, the genetic 


manipulation of crop plants is still only. 


getting underway. For the present, 





Athens, Georgia). “In both systems the , improvements in agricultural plan 


_ continue to come from that older and 





established technique of genetic mani 

lation, plant breeding. This technology 

described by J. Bingham, Plant Breeding 
Institute) is highly sophisticated; it can 
safely be predicted that the earliest 
successes of the recombinant DNA 
approach will enhance that sophistication 


ratherthanreplaceit, 


Ben Miflin and Peter J. Lea are members of the 
Biochemistry Department, R othamsted Experi- 
mental Station, Harpenden, Herts ALS 44Q. 


Discovery of a comet 


IN October 1892, when the American 
astronomer E.E. Barnard took the dry 
plate shown below, comet photography 
was not novel, As early as 1858, Donati’s 
Comet was recorded on wet collodion 
plates by an English photographer named 
Usherwood. Sir David Gill obtained 
remarkably fine dry plates of the Great 
September Comet (1882 H), and cometary 
spectra were successfully photographed the 


. previous year. But the image below marks 


the first photographic discovery of a 
comet. 

It was a measure of the increasing role of 
photography in studying celestial bodies 
that only a month earlier Barnard had 
made what proved to be the last visual 
discovery of a satellite (Jupiter V, or 
Amalthea). In the course of his 
monumental survey of the northern Milky 
Way, Barnard photographed a field in the 
constellation Aquila with the 15-cm 
Willard portrait lens at Lick Observatory, 
California. When the plate was developed, 
a.comet (1892 V) — or rather the trailed 


image produced by the comet’s motion 


over four 


wab -f 


hours with respect to the 


a 
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background of distant stars ~ serendip- 
itously appeared dead centre. Barnard had 
failed to spot it visually despite continuous — 
observation through the guiding eyepiece 
during the long (260 min) exposure. Ashe 
later wrote, ‘‘Nothing whatever waso 
known of its existence until it was shown on 
the photographic plate. It was then looked — 
up in the sky and observed with the micros. 
meter, i.e. visually through a telescope. . . = 
Its history is complete, and until better 
evidence is forthcoming it will stand as the 
first comet whose original discovery was — 
made by photography”. Ne 

With a telescope of larger aperture, — 
visual corroboration was immediately 
forthcoming. Photographs taken on 
succeeding nights were used to determine one 
the orbit, recalculated by D. Yeomans in 
1974 to yield a perihelion distance of 1.43 
AU anda period of 6.52 years. Jon Darius 


r + 1E uyt * p 
The photograph is one in an exhibition Beyond 


Vision’ at the Science Museum, London from 19 
April, and is reproduced here b y courtesy of the ; 
Royal Astronomical Society. A book of the | 
same title will be published in April b y Oxford == 
University Press. | = 










































n et al. that poly (ADP-ribose) has an 
important role in carcinogenesis, and that 
inhibition of the biosynthesis of this poly- 
mer from NAD inhibits carcinogenesis”. 
ased on the structural analogy with nico- 
namide, these authors tested benzamide 
and found it to inhibit this biosynthesis, 
and to prevent carcinogenesis in human 
fibroblasts. 

_ In Padua we have conducted studies of 
anticancer activity of analogues of nico- 
tinamide, aiming at interfering with NAD 
activities. One promising compound, 
6,6 -dithiodinicotinic acid (carboxy- 
pyridine disulphide, CPDS) was selected 
for further studies, also because of its 
“unusual reactivity properties. CPDS was 
- found to decrease by 75% the formation of 
-Jung metastases in mice bearing Ehrlich 
> ascites carcinoma‘; later studies showed 
= CPDS to reduce by as much as 84% the 
- metastatic spread of Lewis lung carcinoma 
in mice, and to significantly decrease the 
. Yate of growth of the primary carcinoma in 
these mice’. Other analogues of nicotina- 
< mide tested had similar effects’. 

The fact that the same type of compound 
is active against both carcinogenesis and 
metastasis suggests an intimate link 
-between the two. Preliminary experiments 
indeed appear to confirm this relationship. 
. D. R. GRASSETTI 
= Institute of Pharmacology, 

University of Padua, 

35100 Padua, Italy 


t. Kun, E., Kirsten, E., Milo, G.E., Kurian, P. & Kumari, 
H.L. Proc. natn. Acad. Sci, U.S.A, 80, 7219-7223 
(1983). 

Kun, E, ef alin Twelfth Steenbock-Lilly Symposium(eds 
Lennon, D.L.F., Strarman, F.W. & Zahlen, RN.) 
387-399 (Elsevier, New York, 1982). 

Grassetti, D.R. Chemitech 666-671 (November, 1973). 

Grassetti, D.R. Nature 228, 282-283 (1970). 

. Grassetti, D.R, in Current Chemotherapy and Immuno- 
therapy, Proc. 12th Int. Congress Chemotherapy, 
Florence Vol H, 1365-1366 (American Society of 
Microbiology, Washington, D.C:, 1984). 




























p 


ba Bs 





Flagella or cilia? 


: „Sir — Margulis! emphasized the morpho- 
z logical case- for separate terms to denote 
| sagela of prokaryotes: and on 


Greek). ‘If a new v term is ede I tenta- 
tively suggest mastigion (Greek: “little 
whip”, a diminutive of mastix, ‘‘whip’”) 
~ for one or other group of organelles. By 
priority of usage, flagellum should presum- 
ably be retained for the eukaryotic 
organelle, and mastigion used for that of 
prokaryotes. But mastigion is already 


age (Mastigophora and so on), so less 
ruption might result from its application 


It has recently been reported by | salar Basie: D y or structure; although 


“flagella” are usually longer and less | 


isolated bones. Therefore we remain. 
_ proportions, number of ribs and vertebrae, 


which not a single scrap has ever been 


amiliar to protistologists from taxonomic | 


1e eukaryotic structure. Retention of. 





numerous than ‘“‘cilia’’, usually beat in- 
dependently rather than in metachronal 
rhythm, and sometimes possess a paraxial 
rod. Professor K. Vickerman has pointed | 
out (personal communication) that none of 
these features constitutes a constant . 
difference: the numerous ‘‘flagella’’ of 
Trichonympha and Opalina exhibit 
metachrony, by no means all “flagella” 
have paraxial rods, and length is not an- 
absolute criterion. There seems therefore 
no justification for their distinction. An 
alternative solution to the introduction of a 
new term might be to restrict ‘‘flagellum’”’ 
to the prokaryotic organelle, and extend 
“cilium’’ to all the eukaryotic structures. 
Although the taxonomic associations of | 
cilium make this unlikely to appeal to 
protistologists, metazoan cytologists 
would probably prefer to retain the term 
“cilium” than to adopt a totally new term; 
and objections from protistologists could 
be met by redefining the Ciliophora by 
their possession of an infraciliature rather 
than (less universally) cilia. J.R. BAKER 
Institute of Terrestrial Ecology, 

Culture Centre of Algae & Protozoa, 
Cambridge CB3 ODT, UK 


i. Margulis, L. Biosystems 12, 105-108 (1980), 

2. Kenneth, JH. in A Dictionary ef Biological Terms 8th edn 
(Oliver & Boyd, Edinburgh, (1968). 

3. Levine, N.D. ef ai J. Protozool. 27, 37-58 {1980}. 












































Sea cow discovery 


Sir — The recent discovery of ‘‘a virtually 
complete skeleton’ of Steller’s sea cow on 
Bering Island (Nature 306, 415;.1983) has 
potential importance that may be over- 
looked. Although numerous skeletons 
(considerably more than six) of Hydro- 
damalis gigas (= ‘‘Rhytina stelleri” ) have 
been displayed over the past century, not 
one has been complete and only one (a 
juvenile specimen in Helsinki) is apparent- 
ly associated: all the rest are composites of 

























largely ignorant of such details as the limb 
and morphology of the hand skeleton (of 


discovered). 
The fact is that several fossil: sirenians, 
including some species directly ancestral to 
H. gigas, are better known osteologically 
than this one which persisted into historic | 
times. It is to be hoped that the new 
specimen, if truly associated, will not 
gather dust in a provincial museum, but 
will be studied by Soviet palaeontologists. 
and will add to our still-faulty knowledge 
of one of the most bizarre of all mammals. 
DARYL P. DoMNING 
Department of Anatomy, 
College of Medicine, 
Howard University, a 





‘Sir — Jon Darius (Nature 308, 18; 1984) 
_ gays the recovery of the Lost City meteorite 


| International Committee on 


OER UPAG, Macromolecular ‘Division. EE on 











































was the first time that photographs from 
synchronized cameras were used to predict 
the place of fall of a meteorite. It was no 
the Pribram, Czechoslovakia, fall of 7 \ 
April 1959 was photographed as a bright es 
fireball and a search of the predicted area. 
yielded four fragments, of total weight 
5.555 kg, of a possible nineteen! Like Lost 
City and the third meteorite to be recovered 












by photographic prediction (Innisfree, 


Alberta), Pribram had the orbit of an 
Apollo asteroid’. 

Darius also says that the Lost City | 
meteorite has an age in the range 4.8-5.5 x 
10° years but this is older than the ‘‘age of 
the Solar System”, about 4.55 x 10 years, 
‘based on isotopic studies in meteorites. The 
only material claimed to be older occurs as 
inclusions in the Allende meteorite, two of 
which have yielded ages of about 4.9 x 10 
years. However, the interpretation of the 
Ar-Ar data that produced these data has 
been questioned (see references in ref. 3). 

ROBERT HUTCHINSO 
Department of Mineralogy, 
British Museum (Natural History), U. 
Cromwell Road, London SW7 SBD, UK S 


L Ros, R. Casopis min. geol. B; 423 (1960). 
2 Halliday, L eral d. R. Astron. Sac. Can, 72, 15 (1978). 
3, Jessberger, E.K; Meteöries 17, 232 (1982) 










Unnameable named 


Sır — In the report on the preparation of 
soluble conducting polymers (Nature 304, 

487; 1983) mention is made of the ‘‘un- 
nameable’’ precursor polymer III with the 
following structural repeating unit: 





aw 


In fact, the above polymer should be. 
named following the recommendations — 
of the International Union of Pure and 
Applied Chemistry! as poly[[5,6-bis- 


(trifluoromethyl)bicyclo[2.2.2]octa-5,7-_ 


dien-2,3-ylene]vinylene]. The correspon- 
ding current Chemical Abstracts index 


| name? is poly[{5,6-bis(trifluoromethy]l)- 


bicyclo[2.2.2]octa-5,7-diene-2,3-diyl]-1,2- 
ethenediy]]. S 
KURT L. LOENIN 
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Pure and Applied Chemistry, . 


| PO Box 3012, Columbus, 


Ohio 43210, USA 
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y relationships of 


man and orang-utans 
Jeffrey H. Schwartz 


Department of Anthropology, University of Pittsburgh, Pittsburgh, Pennsylvania 15260, USA 





at suggest affinities between man and the orang-utan, to whom the | OSs 


gorilla, whereas 





__ Sivapithecus appears to be closely related. If these are unique features, inclusion of Sivapithecus, 
_ man and the orang-utan in a single clade, distinct from that containing the African apes, is Justified 


but contrary to current opinion. 


- THERE had, until recently, been general agreement that Homo 
. and Australopithecus (undeniable hominids) were most closely 
_ related to the African apes, among extant primates, and to the 
fossils Ramapithecus, Sivapithecus and Gigantopithecus. These 
_ fossil specimens Possess, in common with hominids, low-cusped 
premolars and molars and thick molar enamel”, But, what 
also emerged was the unexpected discovery that the Asian ape, 

_ the orang-utan (Pongo), but not the African apes, the champan- 
== xee (Pan) and the gorilla (Gorilla), possessed the low-cusped 
_ Aheekteeth and thick molar enamel otherwise considered diag- 






< Pilbeam*, for example, offered an ecologically based argument 
_ to explain how the distantly related hominoids Homo and Pongo 
. could have evolved convergently similar cheektooth configur- 

“ations. But, more recently, a reappraisal has been forced by the 

surprising discovery of new specimens of Sivapithecus which 
-had the facial details of Pongo”? Consequently, Sivapithecus 
(along with Ramapithecus and Gigantopithecus) was relagated 
_ fo a separate orang-utan clade (see, for example, ref. 10). An 
__ alternative consideration is that these hominid dental features 
< were possessed by a primate that was ancestral to Homo, the 


African apes, Pongo.and Sivapithecus but were then lost during. 


_the subsequent evolution of the African apes!?!5, To try to 


clarify the problems raised for schemes of hominoid as well as | 


_ hominid evolution by recent data, I review here the morphologi- 
-cal and other criteria on which current theories are based. 
One of the most common notions about the effects of evolu- 
= lignis that the more closely related species are, the more similar 
diii will be overall. In more recent years, this generalization 
_ S@ewpcen considered unreliable and less than accurate. Much 
_ greater attention has been paid to the discrimination of: (1) 
_ characters that are shared by taxa (for example, species) because 
Of the recentness of their common ancestry, from (2) those 
characters that are inherited as retentions from more distant, 
¿less immediately related, ancestors. It is, therefore, not 
-necessarily the quantity of characters that indicates closeness of 
_Telatedness; rather, it is the number of features possessed in 
common that, because of their comparative novelty, reflect 
ness, that is, recentness of ancestry. When there are, as 
uently the case, alternative theories of relatedness, the 
t highly corroborated (that is, the one based on the greatest 
mber of evolutionary novelties) would appear to be the most 
appropriate. In the following sections, I have tried to isolate 
thse characters that are restricted to, and shared uniquely by, 
‘ ns and another primate, or at most 4 rew primates, in the 
‘hope of identifying that primate, or those primates, to whom 
we are the most closely related. 













Morphology 






ans 






nostic of hominids. In the light of these findings Smith and. 


: fenestrae. These characters are found only in humans and the 


the phylogenetic unity of the large hominoids within the 
~hominoid clade. | o nies: 


_ Suggested. Homo and Pongo are set apart by their low-cusped ~ 
< cheekteeth and thick molar enamel’~’ as well as by the restriction. 
. of the double incisive foramina. toa single opening palatally’’. 
_ The African apes. are themselves distinguished from other = 
_ hominoids by anatomical configurations specifically related to > 


fossil catarrhines (hominoids and Old World monkeys), but no. 
feature seemed to be shared exclusively by Homo and: the 


which they interpret as derived among catarrhines, are share 


and the third lower molar is smaller than M>. 







by man, chimpanzees and gorillas are also present in the gib- 
bons”, which implies that these characters are “primitive for 
Hominoidea (man and apes) both because they are thus present 
in most extant hominoids and because they are found in the 
most widely separated members of the group”. 

Table 1 presents the characters studied by Andrews and 
Cronin but as they are distributed more broadly among extant 
anthropoids (hominoids, Old World monkeys (cercopithecines 
and colobines}), New World monkeys (ceboids)) and strepsir- 


hines (lemurs and lorises): The enigmatic tarsier was not 


included because its orbital region is extremely modified. 
Characters cited by Andrews and Cronin as being excessively 
variable (for example, glabellar development) were not CON oie 
sidered further. As the five hominoid genera, Homo, Pan 
Gorilla, Pongo and Hylobates (the gibbon), represent only about 
10% of the total sample, characters that are found exclusively 
in all five or fewer hominoids are certainly restricted in their 
distribution. 

Not surprisingly, the data in Table 1 do not group man and 
African apes, or man and one of the African apes. The broader 
comparison. does, however, demonstrate that extant hominoids 
are distinguished among primates by, for example, truncation => 
of the subnasal plane and in having infraorbital foramina that ee 
are well removed from the zygomaticomaxillary suture. These 9 
may be added to the postcranial characters that are commonly => 
cited as uniting extant hominoids (for example, refs 12, 16) 
Other characters emerge as being more restricted among extant 
hominoids in their expression: that is, inconsistent development 
of a stepped-down subnasal plane, nasal aperture shape, as well 
as diminution and midline appression of the anterior palatine — 




























‘great’ apes and not in gibbons and therefore seem to attest to 
Smaller groupings within the clade of large hominoids are 


their form of knuckle-walking!®'® Ag 
In another study, Delson and Andrews?® compared numerous 
dental, cranial and postcranial characters among extant and. 


African apes. Review of their data reveals that two character 


Schultz had defended the unity of the ‘great’ apes an 
opposed alternative theories, especially the group; 
and African apes. Analysis of his enormous. stoc 
ical data on hominoids and Old World monk 















‘Hylo- 








fe y $ | Cercopi- Pane SR 
Pongo Pan Gorilla bates thecines Colobines Ceboids sirhines oF 
Nasal aperture H-Tp H-Tp  H-Tp  H-Tp H-O O N,O R-O R-O 
Subnasal plane T T T F T E E E E 
Subnasal plane stepped down to floor of ode 
- nasal cavity Variable J Variable Variable Present Present Present Present Variable 
Orbits N-Se H Variable H Se B B-Se Se-H SeH = 
Interorbital distance B N B B N B B £.N-B- 
Infraorbital foramina: large <3 <3 <3 <3 <3 3+ <3 <3 3 o 
Infraorbital foramina: distance from E 
zygomaticomaxillary suture Close Far Far Far Far Close Close Variable Variable 

Zygomatic bone curved, with strong | | | 
- posterior slope Present Present Present Present Present Present Present Present Variable 
Zygomatic foramina 5 S-M S-M S S-L 5-M S-A S-M L-S-A 
Zygomatic foramina 1-2 1~2+ 1-2 1-2+ 1-2 1-2 0-2 1-2 0-2 + 

` Zygomatic foramina: relative to lower rim | 

of orbits Inf. Sup. Inf. Inf. Inf. Inf. Inf. Inf, Inf, 

-Incisive foramina S-1 S-1 §-M-2 M-2 L-2 L-2 L-2 L-2 L-2 
Greater palatine foramina L,O L,O L,O L,O L,O L,O L,O S,N S,N 
Upper incisors: size discrepancy 5 L S S Şo S S Variable 
Enamel on molars Thick Thick Thin Thin Thin Thin* Thin Thint Thin 
Cheek tooth height Lo Lo M-Hi Hi M M M-Hi M-Hi M-Hi 
Foramen lacerum L S-M Absent Absent Absent Absent Absent Absent Absent 


manne meneame Smee nnmn 


Distribution among extant primates of some characters discussed in text; these characters were originally studied by Andrews and Cronin’® but 
only among hominoids. The presence of relatively thick molar enamel in Cebus and Cercocebus is a reflection of their autapomorphy within their: 
own clades and is not indicative of this feature being primitive for Homo and Pongo or hominoids in general. 


H, high; Tp, trapezoidal: O, oval-shaped; N, narrow; R, round; T, truncated; E, elongated; J, especially in juveniles; Se, subequal; B, bros o 


S, small; M, medium/ moderate; L, large; Inf., inferior; Sup., superior. 
* Cercocebus has very thick enamel’. 
t Cebus apella has very thick enamel. 


again sets apart man and orang-utans. For instance, among 
catarrhines, man and orang-utans are distinct in that they: (1) 
develop scapulae with vertical vertebral borders and small 
supra- but large infraspinous fossae; (2) can grow the longest 
hair; (3) have the most widely separated, almost axillary, mam- 
mary glands; (4) have gestation periods of equal duration, which 
are also the longest among primates (now determined to be 270 
days; R. D. Martin, personal communication). Schultz also 
pointed to the rare occurrence in Pongo of ischial callosities 
and to the fact that these structures, in contrast to those of Pan 
and Gorilla, are unkeratinized; ischial callosities are not found 
in humans. 

_Schultz’s data on delayed epiphyseal development also reveal 
the broader pattern of nested groups of hominoids. All 
hominoids delay ossification of the distal humeral and proximal 
radial epiphyses until after birth. The large hominoids are distin- 
guished further by the delay in ossification of the distal ulnar 

epiphysis and the distal metacarpal epiphyses of the hand, but 
“Homo and Pongo are unique among extant hominoids in also 
delaying the ossification of the epiphyses of the proximal 
humerus and the distal radius. In addition, I have found that 


















acerum. ey ba it is smaller than in mani e 










pper canine rotation. 





nce, e and: orig an ladk an oestrous yde. copula- 
n is nor confined sperit aly (as i in Gorilla) « or generally (as 














2 longest among primates: and females: ange the highest 
| is of oestriol secretion during the menstrual cycle. Schultz 
iso suspected that female orang-utans, like. man, lack genital 
welling, which has now been confirmed”® 
- Various characters have been considered indicative of a man- 
African ape clade: (1) development of frontal sinuses; (2) pre- 
atal fusion in the wrist of the os centrale and navicular bone; 
) broad incisive fossa; (4) restriction of the palatal ridges to in 
ont of M’; and (5) the occasional presence of earlobes. How- 





ofang-utans, but not the African apes, develop a foramen 


Recent ‘Studies: of non-hard tissue  features?* 25 further 


r, there are weaknesses i in the association between | some of. 


a: 
Y 







chimpanzee rarely develops frontal sinuses, this was not a useful 
character. Cave and Haines?” subsequently demonstrated that 
humans, Gorilla and the chimpanzee (Pan troglodytes) are, like 
man, distinguished in their neomorphic development of 
ethmoidal/frontal sinuses. (2) Gibbons are similar to man and 
African apes in that the two carpals fuse prenatally, but in orang- 
utans this occurs in middle-old age; these bones do not become 
fused in any other primate’’. Fusion distinguishes the hominoids, 

but prenatal fusion does not single out humans and African 
apes. (3) Ward and Pilbeam”? suggest that the presence of broad 
incisive fossae in the nasal cavity of African apes (especially 
Pan) and Australopithecus: (especially Australopithecus afaren- 
sis) reflects the unity of hominids and African apes. These fossae, 
or canals, are extremely narrow in Pongo and Homo sapiens”, 
As the prevalent primate configuration is the persistence 
relatively broad but patent fossae (palatine fenestrae)’ 
broad fossae of the African apes and Australopithecus W 
be unique by comparison but, given the further reducti: 
this region in Pongo and Homo, primitive among the laig? 
hominoids. Together with sinus development, the disposition of 
the palatal ridges and the occasional development of earlobes 
remain only as potentially indicative of the affinities of humans 
and African apes. There appears to be only one character shared 
uniquely by humans and chimpanzees—the reduction of body 
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hair, especially ventrally. Also, humans and gorillas are most 


similar in relative proportions, especially of the hands and feet. 
Review of morphology reveals that when Homo shares a 


unique feature with another primate it is most frequently with 


the orang-utan. Given the systemic diversity of these. features 
it is doubtful that they are components of a single functional 
complex and, as the gorilla is itself large but does not possess 
the suggested derived features, it is also reasonable to as 
that the similarities between man and the orang-utan ar 
size-related. We could still decide that these features. evolved 
in parallel in the orang-utan and Homo, but for this we mus 
assume that the characters shared by man and the African 
reflect their closeness. Alternatively, the conclusion that 
greater number of unique features shared by man and 
orang uian was. aneen from a common ancestor not S 





















Distal humerus/ proximal radius delayed ossification 
ibnasal plane truncated 

Utnar-triquetral articulation variable | 
Nafraorbital foramina removed from zygomaticomaxillary suture 
Restriction enzyme Aval at Position 10, mtDNA | 
Nasal aperture trapezoidal 

Subnasal plane variably stepped-down 

Palatine fenestrae reduced in size 

Distal ulna/metacarpals delayed ossification 
Low-cusped cheekteeth ` a | 
Molar enamel thick 

Upper molars lacking cingula 

Lower M; smaller than My 

Single inċisive foramen palatally 




















Scapula short, vertical vertebral border, small superior fossa 
Proximal humerus/distal radius delayed ossification 

_ Ischial callosities unkeratinized, infrequent — 

Longest hair 5o 00o | 

unmary glands widespread, c. axillary 

-ongest gestation period: 270 days 

_ Female genitalia lack tumescence 

.. Copulation not confined to specific:part of menstrual cycle 
Longest copulation bouts. pa 

Highest oestriol levels during menstrual cycle 2 8 
Restriction enzyme (mtDNA position): Hinclt (21, 95), BamHI (15), 
\ (65), XhoI (10) i | , 
Aorphological correlates of knuckle-walking 







Homo and Pongo are distinguished from the others. 
compression of the thoracic cavity, 


: relationship must be the parallelisms. Table 2 summarizes some 
_-of the morphologies shared more exclusively among extant 
us hominoids. 


_ Sivapithecus and the fossil record 
_ The present controversy in hominoid systematics stems primarily 
__ from problems dealing with Sivapithecus which appears to have 
the jaws and teeth of a 
However, Sivapithecus shares many derived features with the 
orang-utan. These include narrow. interorbital distance, flat- 
_tened zygoma with relatively large foramina emplaced superior 
~ to the lower rim of the orbit, long slit-like incisive foramen, 
adly continuous palate and premaxillary posterior pole, I 













enamelled molars have also been cited as uniting Sivapithecus 


» Clade: that is, 
_ pithecus group by virtue of its relationship to A, 
-is why Sivapithecus shares derived features with both hominids 
and the orang-utan. Gigantopithecus also possesses the cheek- 


=; tooth specializations of the hominid—Pongo-Sivapithecus clade. 


~ Its specific affinities appear to lie with Sivapithecus and Pongo”. 





‘on-morphological evidence 

ile many workers believe that molecular, biochemical and 
omosomal data contribute to a resolution of phylogenetic 
blems, some believe that these procedures provide a greater 
pecificity of phylogenetic detail (for example, refs 29-36), but 
orphologically-based phylogenies have been used to choose 
between statistically equivalent molecular phylogenies (for 
example, refs 29, 37). However, how does one choose the 
supporting morphologically-based hypothesis? noses we 














___Table 2 Distribution among extant hominoids of some uniquely shared morphologies _ 


Distribution among extant hominoids of some uniquely shared morphologies. 
The extant hominoids are further united as a group 
dorsal emplacement of the scapula, 


hominid. but the face of an orang-utan, | 


ith larger than I’, and P, metaconid region somewhat — 
< enlarged”'°13.28. These features would certainly seem to unite _ 
-< Sivapithecus and Pongo. Low-cusped cheekteeth and thick- 


-and the orang-utan. But, since these dental traits are among. 
those shared by Homo and Pongo, it would. appear that they — 
are present in Sivapithecus because it, too, belongs to the same | 
Sivapithecus is related to the Homo-Australo- 
Pongo. And this — 


Homo | Pongo | Pan Gorilla ` 
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but is representative of the degree to which 
by other characters, for example, dorsoventral 
elongation of the clavicle (see refs 17, 21). X, present. eee: ee 


This is not exhaustive, 


It is well known that contradictory results have long existed | 
between certain molecular and biochemical ‘schools’ (for 
example, refs 38 versus 37, 39) and non-morphologists them- — 

Selves have raised questions about, for example, determining — 
homology”, the structural level of the molecule being studied*!, 


recognizing parallelism“, and even the use of protein datat, o 


In addition, there is mathematical objection to the validity of- 
the maximum-parsimony method of assigning codons. derived 
from sequence data (for example, see ref. 35) as well as to. 
current determinations of immunological distance“, 
Many of the non-morphological Studies that claim to demon- 
Strate affinity between humans and one or both of the African 
apes lack data on all of the hominoids and/or also sample only 


different- 
hominoid — 
the prim 
_ tive sequence? These are certainly equally valid interpretatio 
difference without knowing what the details of that differenc 
on relative 



































































































































Fig. 1 Cladogram depicting the phylogenetic relationships among 

hominoids. as discussed in the text. Characters that unite, respec- 

tively, the entire group, the large hominoids and the broader 
Homo-Pongo clade can be found in Table 2. 


discrete units of molecular ‘morphology’, the body of data at 
<> present is quite limited”*. For example, mt DNA sequence data 
are known for the five extant hominoids, the mouse and the ox 
(see refs 49, 53). While it is reasonable to make outside (out- 
group) comparison in the determination of character states, a 
comparison between the five hominoid genera (the taxa of 
interest) and only two other mammals, especially in the absence 
of other primate as well as other mammalian taxa to serve as 
indicators of the polarity (primitiveness versus derivedness) of 
the character states determined for the hominoids, may not be 
helpful. 
: fm general, statements of relatedness from sequence data are 
based on maximizing the (genetic) similarity of taxa. The 
assumption is that, the less time elapsed since the divergence 
of taxa, the more molecular similarity they will show. Uniting 
the chimpanzee with humans rather than with its fellow knuckle- 
walking African ape is indicated by ‘Pan sharing more base pair 
“matches with Homo than with Gorilla”. But, as has been a 
major point of this review, overall similarity i is not necessarily, 
nor should it be assumed to be, reflective of closeness of 
< relatedness. 
‘The pitfalls of such an assumption are exemplified by a study 
> of a- and B-haemoglobins in which it was concluded that the 
- identity in sequences of these molecules in the pygmy chimpan- 
gee (Pan paniscus) and the chimpanzee (Pan troglodytes) as 
well as in Homo indicated not only the fact that the two chimpan- 
zees are indeed sister-species but also that chimpanzees and 
humans are the most closely related among extant hominoids*’ 
‘But, given the lack of a sufficiently broad comparative sample, 
one cannot rule out the possibility that these three hominoids 
are identical in their haemoglobin sequences because of primi- 
tive retention and that the gibbon, gorilla and orang-utan are 
different, not because each is relatively more primitive, but 
cause each has changed in its haemoglobin from the ancestral 
yminoid condition. 
udy of restriction endonuclease cleavage site maps of 
\ iS. another recent approach brought to bear on issues 
logenetic relatedness er example, ref. 30). Temple- 
a ysis of Ferris et al.’s aap eat to the conclusion that 
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are united by only one character resence of rest 
enzyme Aval (position 10) ; the gorilla and paee ii 
PstI (position 32), Poull (60, 70 and 95), Hpel (86), Hi cll 
(86) and BamHII (20); and the two species of Pan are distin: 
guished by XbaI (16), Hindili. (18 and 270), Poull (35), Xba 
(44 and 54), Hincll (53), FnuDII (41 and 45), Bell (50 and \ 
95), Aval (6), BamHI (15), Bglt (65) and BstEH (33). Humans .. 
and the African apes do share Bell (29) and: Hincll (86), 
Homo and Pongo have in common the derived states Hin: 
(21 and 95), BamHI (15), Bgl (65} and Xhol (10). The — 
relatedness of Homo and Pongo is suggested instead of that of _ 
Homo and the African apes. Some of these results are summar- ` 
ized in Table 2. 





Conclusion 


At present, it appears that fon-morphological evidence does : 
not necessarily support the theory that humans and African — 
apes are closely related. However, some data do seem to point- 
to the evolutionary closeness of humans and the orang-utan. — 
This conclusion is also reached through the more traditional 
study of morphology. A consequence of the broader picture of, 
hominoid. evolution. proposed here is that it is no longer 
necessary to explain why hominids, Pongo and Sivapithecus are | 
so similar to each other in such seemingly uaque features. e f 





ER 


inherited these features from a common ancestor not shared 
with any African ape (Fig. 1). | 
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Delson, T. Kaufman, L. Martin, A. Rogers, M. Salmon, A.” 
Templeton and especially Drs P. Andrews, M. Goodman and 
R. D. Martin for comments critical to this version of the manu- 
script. 
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| boundary so that they 










THE scale of mantle convection and the fate of subducting 
- lithosphere at the 670 km discontinuity are major factors con- 
-trolling the long-term geochemical evolution of the mantle and 
_ lithosphere. Although Ringwood has argued that most of a 
- Subducted slab is unable to penetrate to. below a depth of 
- 670 km’, other theoretical studies have been less conclusive’, 
_ This uncertainty largely arises because the physical and chemical 
Characteristics of the 670 km discontinuity are poorly known 
parameters in models of the mantle?~*. However, another para- 
Meter, which has received less attention, is the rheological state 
~ of the:slab and its effect on slab dynamics. Here I propose that 
a significant change in rheology occurs in some: slabs at a depth 
of ~300 km as a result of the transformation of olivine > spinel 
(B and/or y polymorphs): 
‘Subduction zone seismicity 
Direct information on the mechanical properties of subducting 
-lithosphere originates from seismic data. On the basis of spatial 
Ens of intermediate and deep earthquake activity>°, most 
-“sUDduction zones fall into the three groups shown in Fig. 1. In _ 
. group 1 subduction zones, earthquake activity is absent below — 
> a depth of 250-300 km. In group 2, earthquakes occur to a _ 
- depth of ~600 km but with a distinct gap in seismic activity 
~ between ~300 km and ~500 km. In group 3, seismic activity is 
< continuous to a depth of 500-600 km. There is also some 
evidence that group 3 slabs may be further subdivided into those 
at penetrate the 670 km discontinuity (for example, Kuriles 
uction zone’), and those which do not (for example, Tonga 
bduction zone’). | | 
__ Previously, attempts have been made to relate some of these 
_ seismicity characteristics to the thermal structure of the slab?!”, 
_ Two explanations have been proposed for the aseismic gap in 
-slabs of group 2: (1) Itisa depth interval over which there is 
switch from down-dip extension to down-dip shortening of 
slab (Fig. 1), that is, a zone of low differential stress**°, (2) 
‘he lower part Of the lithospheric slab has become detached, 
us creating a physical gap in the slab'!. A third explanation, 
ch is still compatible with a change-over of the down-dip 
ponent of stress, is presented below. 
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n may be responsible for most, if not all, ‘intermediate and deep. 
- earthquakes. If the olivine > spinel transformation results: in ; 
= either no change or an increase in flow strength, then failure 


- the decrease in flow strength was sufficient to preclude E 
trophic failure. Similarly, the absence of earthquakes b 


(superplastic) jadeite+ quartz”, 
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to fine-grained spinel. This process reduces the flow strength of such slabs below the phase 
become aseismic at about this depth. In colder slabs temperatures are too low for superplastic — 
deformation, and a high flow strength and seismic activity are maintained to a depth of 600-700 km. s 
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Oceanic lithosphere is thought to have a layered structure 
consisting of basaltic crust, harzburgite, lherzolite and pyrolite’. © 
Except in the thin basaltic layer, olivine (Fogg) forms between _ 
~60% and ~80% of these lithologies. It is expected, therefore, 
that the mechanical properties of olivine (a) and of its high- 
pressure spinel polymorphs (8 and-y) must exert an important 
influence on the rheology of a subducting slab to a depth of 
670 km. The depth at which olivine transforms to spinel depends = 
on the thermal structure of a slab (Fig. 2) and therefore on its s 
age and rate of subduction”. Estimates of this depth for the cool 
interior of a slab vary from ~280km!? to ~350 km’. It is 
notable that these estimates closely correspond to the depths 
of the lower limit. of seismic activity in slabs of group 1 and to 
the upper limit of the gap in seismic activity in slabs of group a 
2 (Fig. 1). I will therefore discuss the hypothesis that slabs can 
become either temporarily or permanently aseismic as a con- 
sequence of the olivine + spinel transformation. 


Rheology of subducting lithosphere i te 
If the flow strength of a slab is high, deformation in response — 
to the accumulation of large stresses is likely to be localized on 
fault zones, perhaps comparable to those produced -experie 
mentally in dunite'>-!*, Catastrophic failure on such fault zones. 




























on fault zones, and associated seismic activity, should continue 
at depths below the phase boundary. If, however, olivine reacts 
to an aggregate of fine-grained spinel, deformation by. grain. 
size-sensitive mechanisms of structural superplasticity'* may 

: with a consequent decrea 
in flow strength. In this case the slab would become aseist 









700 km could be due to superplastic deformation of fine-g 
products resulting from spinel breakdown reactions!®. Th ; 

also petrographic evidence that the flow Strength of some crustal 
rocks can undergo a considerable teduction during continental 
collision as a result of the reaction of albite to fine-graine 


Mechanisms of structural superplasticity are though 
by diffusion-accommodated grain bounda 
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Fig. 1 Three groups of subduction zones classified on the basis 

of seismicity. Seismically active parts of a slab are indicated by | 
-solid lines and by schematic strain ellipses. The latter indicate parts 
of a slab which are undergoing either down-dip extension or 

down-dip shortening. Dashed lines indicate regions where a slab 
Gs either aseismic or absent. (Modified from ref. 5, Figs 2 and 3.) 
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Fig. 2 Temperature-depth diagram showing calculated mini- 
mum-temperature profiles in subducting slabs. Curve 1 is from 
-ref 12, curve 2 from ref. 28, and curve 3 from ref, 40. The different 
profiles result from the use of different parameters and boundary 
conditions, but a similar variation is obtained by varying the rate 
of subduction*'. The olivine-breakdown curve is for a composition 
~ of Fogg (ref. 42). T” varies from 500 °C to 1,100 °C for the profiles 
, shown. 


‘in many cases’. Provided the grain size of reaction products 
remains small (that is, little or no grain growth), a low flow 
-strength and the development of high strains can be maintained 
vin a matérial deforming by such a mechanism after a phase 
transformation has reached” completion’ ’ This is in marked 
contrast to the phenomenon of transformation plasticity/super- 
plasticity which can o : 


30-200 pm was reacted to 
~3 pm diameter. From 
Vaughan and 
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Group 1 | 
Ryukyus 135 4.07 | 1.8 
Hokkaido 100 5.67 | 7 
Sumatra 38-135 6540 
S. Mexico/ o z aA 

Central America 40 
Aleutians 60 
Ecuador/ o 

N. Peru 45 8.24 2.70 
Altiplano 45 9.14 2.44 

Average = 2.51 


8.0-8.5458 
5.2-8.948 || 


Group 2 
Java 100 6.74 1.49 
Kamchatka 100. 6.38 1.59 
New Hebrides 50 7.0-9.84§ 2.86-2.04 
N. Chie — 45 9.0-9.5t} 2.47-2.34 | 
New Zealand 100 4.6-6.45 |) 2A7-1.56 —- 

3 Average = 2.07 = 

Group 3 | z a 
Mindanao o p35 
Kermadec 100 
Marianas 135 
Izu-Bonin 100 
Kuriles 135 
Tonga 100 


4,.64-1.05 - 
Average = 1.15 


* Ref. 36; tref. 374 ref. 38; § ref. 39; || ref. 9. 
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spinel’’. It is necessary to assume that Mg;GeO, spinel is quanti- : 
tatively a reasonable analogue for Mg.SiO, spinel; the similarity 
between dislocation creep data for Mg,SiO, olivine and = 
Mg,GeQ, olivine lends some support to this assumption?” **, 
It must be emphasized that the uncertainties in these estimates. 
are large due to the need for making large extrapolations in 
strain rate and due to uncertainties in the parameters discussed 
below. | 

Ductile deformation of olivine can occur in a high tem- 
perature/low stress regime characterized by dislocation Creepy” 
or in a low temperature/high stress regime in which glide domi- = 
nates (low-temperature plasticity)?!>. Empirical flow laws for 
these regimes have been published?!. To estimate the flow stressi 


of a subducting slabin the vicinity of the olivine > spinel pha 


boundary, it is necessary to extrap late these flow laws to 
pressures. For olivine, this was done by following the procedi 
of Ashby and Verrall for the low-temperature pl 
regime**, and by using an activation volume of 11 cmm 

for dislocation creep*. In a given set of conditions, the f 


el 





flow law. The flow stress. (fo 
calculated using Goetze’s law for the low-temperatur 
regime”: 


: f -128 keal mol? f. day | 
:=5,7x 10° ex | ~ ( -Za) | 
E a exp RT 1 a5) 


where é is the strain rate, Coi is flow stress (kbar), R is the ga: 
constant and T is the temperature (K). Equation (1) can be 
: ' CP : PE: : . 








é= 5.7% 102! exp |= ) 


where and bare th 
De ae | Foot 


respectively, a sure P, 
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(LOW TEMPERATURE 


PLASTICITY) 1900 um 
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200 can “400-500 
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> Fig: 3. The variation of flow stress with depth inthe interior of 
- subducting lithosphere for Mg.SiO, olivine (<350.km depth) and 
Mg,GeO, spinel (>350km depth) for the temperature-depth 
yrofile calculated by Hsui and Toksöz (ref. 28, Fig. 9). The flow _ 
Stress was calculated using equation (2) for low-temperature plas- 
oe ticity in olivine, and equation (4) for superplastic flow of spinel, 
using a strain rate of 10°'*s”!. The spinel field is contoured for 
grain size (pm). Two scheriiatic grain size/depth paths (A and B) 
are shown, assuming grain growth of initially fine-grained. spinel. 
The actual grain size/depth path depends-on the kinetics of grain 
growth, which are a function of temperature and pressure. 






«meters at 1 atm (P,). u and b are estimated from’: 


H= uo 


P-P 
b = by exp — (4 
a 


du. 
mpe meee pf 
o apo 
and 


where Kg is the bulk modulus at 300 K and i atm. Values of © 


a bo, Ko, Ko and du/dP were taken from Ashby and Verrall**. 
< < As equations (1) and (2) are derived from. yield stress data, 


















peccict only a minimum value. of Top 


-of ~18 kbar” 


eesti 7 
RT fe 


where Osp is flow stress in kbar. It is assumed that this law obeys 


E=2.6X rete (7 


activation volume, V*, for lattice diffusion i in spinel is estimated 
to be 8 cm? mol”! from data for olivine” and from a theoretical 
estimate of the change in activation volume across a phase 
~boundary”®. It is further assumed that superplastic deformation 
~of spinel is controlled by grain boundary diffusion. No experi- 
n fental data for the activation volume ( VÝ) for. grain boundary 
(ilusion are available, but theoretical estimates of V# for metals 
nge from 0.4V* to 0.65 V* (ref. 27). An estimate of VŽ for 
spinel of 2V*/3 (=127 cal kbar”’ mol”') is used here. Incor- 
) tating. these estimates into equation (2) gives: 


| 2.3410". ~(70.7+0.127P) kcal mol? ] | 
Ce USAID | rer A 

















they do not include the effects of work hardening, thus they 7 


failure below the: phase boundary, it would also result in the 


he flow stress, os, of fine-grained spinel has been estimated _ 
r - elimination of high: stresses in the slab below the phase boundary, | 


from the superplastic flow law of Vaughan and Coe for © 
od and perhaps i in the development of high strains. 


Ny Variations in rheology _ 


(3) a The temperature, T”, ät which the divine. > spinel phase b bot ur 


: Mg,GeO, a i of prai size diameter 3. um, at a pressure 1 


T 5 ducting diab by betwee ok ma | 
the relationship £% 1/d? where d is grain diameter'^. The © may be as low as 600°C (ref. 12). In the interior of a slowly 


= subducting slab consisting of young lithosphere, T* could be- 


slab, and therefore T*, can be related approximately to the rat 
_ of subduction and to the age of the lithosphere by the relation 


tion zones provisionally classified into the three groups of. 


- subduction zones of group 1 and lowest in those of group 3 






flow stresses, Fsp/ Ton of Mg,GeO, spinel [equation (4)] 
My 32Si0; olivine [equation (2)] is plotted against T* in F 
pepi 107} : 





| *Fig. 4 The r ratio of: the calculated flow stresses of fine-grained . 
Meg.GeQO, spinel (agp) and Mg,SiO, olivine {€ at the olivine >. 
spinel phase boundary in a subducting slab, plotted against tem- 
` _ perature (T™) at the phase boundary. The contours are for spinel. 
grain diameter (um). The magnitude of stress reduction across the 
phase boundary depends on the spinel grain size and on T*. 





The calculated flow stresses of Mg,SiO, olivine and Mg,GeO, 
spinel in the cool interior of a subducting slab are plotted against __ 
depth in Fig. 3 using a temperature~depth profile calculated by 


-Hsui and Toksöz (Fig. 9 of ref. 28). The spinel field is contoured 


for grain size. Along this particular temperature~depth profile, 
the olivine > spinel phase boundary is expected to occur ato 
~800°C and at a depth of ~350km, assuming that some over- 
stepping of equilibrium boundaries is required for nucleation 
(Fig. 2). Although Fig. 3 cannot be relied on quantitatively,due 
to large uncertainties in the assumptions listed above, it does __ 
suggest two conclusions: (1) flow stresses above the olivine> ~ 
spinel phase boundary calculated from equation (2) are very __ 
high. It can be argued, therefore, that deformation of this part 


-of the slab is not likely to develop homogeneously, but is likely 


to. occur in localized fault zones, and probably in response to 
lower stresses than those shown in Fig. 3. Seismic activity must 
result if the development of such fault zones is catastrophic. (2) 
A significant (order-of-magnitude) decrease in flow stress across 
the phase boundary is possible if olivine reacts to spinel with. 
d~5ym. This could be sufficient to preclude catastrophic oo 





























sphere, T* in the slab interio 








much higher (for example, 900 °C). The thermal structure fa. 





ship’ T*oc 1/(rateX age). Values of 1/(rate X age) for subduc 
1, are listed in Table 1. The data suggest that T* is highest it 


The estimated change in flow strength across the phase boun 
dary is strongly dependent on T*. The ratio of the calcul 





S57). Por a spinel gan size or 5 am Fi 
















in relatively cold sla 





eismic activity is. correctly predict 

exceeding 300-400 km. At higher v 
2), for example, 850 °C, the calculated flow stress is reduced 
~ by more than an order of magnitude (to ~200 bar) if d=5 pm; 
< this may explain why slabs of groups 1 and 2 become aseismic 
at depths of 250-300 km (Fig. 1). The magnitude of the reduc- 


tion in flow stress also depends critically on the grain size of 
-spinel (Figs 3, 4). For a particular grain size there is a critical 
value of T* below which there is no reduction in flow strength. 
o Fine-grained single-phase aggregates are microstructurally 
unstable at high temperatures and are affected by the process 
"of grain growth”. Along a temperature-depth profile such as 
the one used to construct Fig. 3, unless the kinetics of grain 
© growth of spinel are very slow (for example, Fig. 3, path B), 
grain growth of this material would result in a progressive 
increase. in flow strength of subducting lithosphere with depth 
_ below the olivine > spinel phase boundary (for example Fig. 3, 
path A). At some depth, which depends on the kinetics of grain 
growth, a slab could again become seismically active due to an 
increased flow strength. Thus, reaction of olivine to fine-grained 
spinel, followed by grain growth or another hardening process, 
may explain the aseismic gap between ~300 km and ~500 km 
in slabs of group 2. When experimental data on the kinetics of 
grain growth of spinel at high pressure become available, it 
should be possible to test this hypothesis. 

Slabs of group 1 have the highest values of T* and remain 
aseismic at all depths below the olivine > spinel phase boundary. 
Earthquakes would be absent below a depth of 300 km if a low 
flow strength is maintained with increasing depth of subduction, 
even though rates of grain growth must be faster than in group 
2 slabs. Due to the comparatively high temperatures of group 
1 slabs, there may be a transition from a superplastic flow regime 
to a high temperature/low stress dislocation creep regime at 
some depth below the phase boundary. Furthermore, if the flow 
strength below the phase boundary is low, the thickness of the 

_ slab could decrease considerably due to the development of 

» high strains. This would speed up thermal equilibration with the 
surrounding mantle, thus making a transition to a dislocation 
creep regime even more likely. 


Related problems 


Several basic questions arise from this discussion for which there 
seem to be no answers at present. 

(1) Which parameters control the grain size of the products 
of a solid-solid transformation when the reaction reaches com- 
pletion? It is possible that the rate of change of pressure and/or 
temperature is important, with rapid rates of change favouring 
fine-grained products'’. As shown elsewhere”, subduction 
involves much faster rates of change of (P, T) than other tectonic 

< processes. However, the grain size must also be related to the 
- nucleation rate and the reaction mechanism. Because of the 
unresolved controversy as to whether the olivine > spinel trans- 
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iffusion of oxygen or silicon have 


e voh 


redict whethe 





ame change associated with the- 
transformation may have some control over grain size. The- 
volume change resulting from the growth of a nucleus must b 
accommodated by plastic deformation of the reactant phase 
this involves the formation and movement of defects or mic 
fractures within the reactant’? which may act as sites for further | 


nucleation. If the volume change is large (for example, 10% 


$ 


high defect density”, and therefore a high nucleation rate, ma 
be maintained by this mechanism until the transformation 15 
complete, and consequently the reaction products would be 
fine-grained. l 
(2) What are the kinetics of grain growth of a single-phase 
spinel aggregate at high temperatures (600-1 000°C) and very 
high pressures (100-160 kbar)? Presently available data are E 
contradictory. Hamaya and Akimoto reported extremely rapid 
grain growth of Ni,SiO, spinel at 1,000 °C and 37 kbar, with = 
the formation of crystals of 300 pm diameter in 20 min**. In 
contrast, during the experiments of Vaughan and Coe on 
Mg.GeQ, spinel, a small (31m diameter) grain size was 
apparently relatively stable, in conditions of both hydrostatic’ 
and non-hydrostatic stress, at 900—1,100 °C and 18 kbar foro ~ 
over 2 days’’. Data are available for the kinetics of grain growth- 
of quartz aggregates up to 15 kbar”. However, as the experi = = 
ments were done in the presence of excess water, which greatly 
enhances growth rates, it is doubtful whether the data can be, 
extrapolated to mantle conditions, even if quartz were an accept, 
able analogue for spinel. Most other experimental studies of \ 
grain growth kinetics, of metals and ceramics, have been done . EE 
at atmospheric. pressure. Assuming that the activation volume- 
for grain growth is positive, rates should be significantly slower 
at very high pressures. 
Thus, the rheologies of different slabs (for example, groups 
1 and 3) are expected to be quite different over the 300-670 km 
depth interval. This may mean that the dynamics of these slabs 
will also be different. It is possible that cold rigid slabs (for. 
example, group 3) penetrate the 670 km discontinuity, whereas 
hot ductile slabs (for example, group 1) do not. There is evidence 
that the slab penetrates the 670 km discontinuity in the Kuriles 









subduction zone’, whereas in the Tonga subduction zone there 


is apparently no such penetration’ —both these subduction zones 
are in group 3. However, the data of Table 1 suggest that 
temperatures should be lower in the Kuriles slab than in the 
Tonga slab. This may be an example of how the thermal structure -` 
of a slab controls rheology, which in turn controls the ability of- 
the slab to penetrate the 670 km discontinuity. i 
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_ The bending locus of trypanosome kinetoplast DNA, 
(CAs.5 T) symmetrically distributed about it, with 








-= BENDING jis a known conformational change of the DNA 
double helix. DNA may bend as a result of interaction with 
Proteins, for example in nucleosomes’. gyrasomes’, intersomes* 
and possibly the Cro protein-DNA complex’, Smaller ligands 
_ Such as distamycin may also bend DNA’. DNA can assume a 
_. bent conformation by itself, as in supercoiled DNA and trypano- 
< some kinetoplast DNA. Proposed molecular models for bend- 
ing include smooth curvature along the helix, and localized 
bends such as at kinks! or junction bends”? 
\ Bending of DNA in response to regulatory protein binding 
-oha largely unexplored phenomenon in the mechanism of gene 
“ control. A widely studied model system is transcription of the 





- Escherichia coli lac operon, which is stimulated by interaction 
of the cyclic AMP receptor and gene activating protein (CAP 
or CRP) with a DNA binding site near the promoter!®"', The 
molecular mechanism of stimulation of this classical gene regula- 
tory system is still not known. Two general models have been 

-~ < proposed: the first suggests that direct interaction between CAP 
and RNA polymerase results in stronger binding of polymerase 

‘to the promoter'*"'®; in the second model a DNA structural 
transition, resulting from the binding of CAP, alters the structure 
or stability of the double helix in the ad jacent RNA polymerase 

__ binding site'™”?, The large variation in the distance between 
the CAP and RNA polymerase binding sites in some other 
catabolite-sensitive operons such as gal??, arat and deo 
argues against.a unique direct CAP-RNA polymerase interac- 


tion. The finding of not more than a half helical turn unwound . 


in the lac promoter region*® by CAP binding and the stabiliz- 


ation of the same region against DNA melting?” upon binding | 
vith CAP, argue against a drastic CAP-induced DN A structural 






ration in this region. 
udy of possible bending of DNA fragments by proteins has 


suffered from the lack of experimental methods to detect the 


_ phenomenon. Recently, DNA fragments isolated from the 


< kinetoplast body of trypanosome parasites have provided a 


Model system for exploring the properties of bent DNA®° 


K Especially striking is the anomalously slow gel electrophoretic 
+ mobility exhibited by kinetoplast DNA fragments, presumably 


<> because the molecules of bent conformation have increased — 


< difficulty passing through gel pores which are not much larger 
~ than the DNA helix diameter28. In addition, the bent fragment 
_ exhibited an accelerated rotational relaxation time, as expected 
- for DNA molecules rendered more compact by bending. 
c> The studies reported here allow us to identify the DNA 
~ sequence at the bending locus of kinetoplast (K) DNA. This is 
chieved by comparing the gel mobility of a set of circularly 
muted K-DNA fragments having a variable position of the 
-bending site relative to the fragment ends. A periodic distribu- 
tion of CA;_.T tracts is found around the bend centre, with 
repeat equal to that of the DNA helix. Analogous studies 
demonstrate DNA bending in the CAP-DNA complex, and 
: place the bend centre about 5-7 base pairs towards the promoter 
om the centre of the protein binding site. Models for DNA 
ding and pron ioter activation are presented. 
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when catabolite gene activating protein binds to its recognition sequence near 
-operon is centred on a site about 5~7 base pairs away from the centre of the p 


- corresponding to the left end of the K fragment. In each case, 


significant bend in the right hand half of 
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Conformation of circular DNA fragments 
Figure la illustrates the basic concept of our experiment. Separ- 
ate samples of a cloned tandem dimer of a DNA, fragment. 
containing a bend are cleaved with enzymes which cut only once 
in the sequence. The result is a set of fragments whose conforma- 
tions differ because of variation in the position of the bend 
relative to the molecular ends. When the bend is near the middle 
of the molecule, as in sample (1), the strongly bent overall shape | 
should encounter more difficulty in snaking through the pores 
of a polyacrylamide gel than is experienced by the more linear _ 
fragment (2). This qualitative idea is supported by theories of 
gel electrophoresis**°, which predict a dependence of mobility 
on mean square end-to-end distance, yielding a lower predicted 
mobility for fragment (1), pa ae 

Figure 1b illustrates of the dependence of gel mobility on 
position of the bend. A circular plasmid DNA containing a 423 
base pair (bp) kinetoplast DNA insert was cleaved once, either. | 
close to or far from the K region. The results show thateven 
in a large DNA molecule, Significantly lower electrophoretic. 
mobility is observed as the bending locus is moved nearer the 
centre of the molecule. 

It is noteworthy that even the control plasmid vector pi W37 ce 
(a derivative of pBR322) showed small but significantly different 
mobilities for the different circularly permuted linear plasmids. 
obtained by its cleavage: This indicates that some part of this 
plasmid may also. exhibit bending, although less pronounced 
than shown by K-DNA. Sequence-directed DNA bending is 
probably a general phenomenon for which K-DNA provides a 
dramatic example, and is therefore useful as a model system for. 
study of DNA bending. ae 


procedure is illustrated in Figs 2 and 3, which refer respectively 
to the 423 bp K-DNA fragment, and a 241 bp subfragment. 















a cloned tandem dimer of the fragment was cleaved with a 
variety of enzymes which cut once in the sequence; we observe. 
a striking variation of gel mobility with position of the end 
These plots utilize the corrected sequence of the K-DNA frag- 
ment as determined by S. Dieckmann and J. C. Wang and by 
P. T. Englund and J. C. Marini (personal communications), . © 
Extrapolation of the nearly linear portions of the graph of 
gel mobility against position of the molecular ends yields an 
estimate of bp 148+5 for the bending locus in the K-DNA 
fragment (Fig. 2), with an estimate of bp 140 + 3 for the 241- 
subfragment in Fig. 3. The difference between these values. is 
not due to experimental error, but reflects the complex sha 
of the larger K-DNA fragment, which may contain ano! 
the molecule. In ge: 
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| Position, bose pair | 
P23456 — 12345678 Fig. 2 a, 5% Polyacrylamide gel electrophoresis (TBE) of cir- 


cularly eee K-DNA fragments. K-DNA fragments were 
self-ligated and cloned into the HindIII site of the vector pHW1. 
Clones with tandem repeats of K-DNA fragments were identified 
through a boiling minilysis: procedure”. pHW122 containing a 
which is strongly bent and therefore of low gel mobility, and TE A ve aan CEFA seats 
fragment (2), which is nearly linear since the bend is near the end, iaaea e Sato the gel. Samples in sa ne atel Hindi tl: 
and therefore of high mobility. b, Position effect of the bending 2. Clal: 3 “Psat: 4, Fnu DIE 5. EcoRI: 6, Avali; 7 Sphi; g. 
site. Plasmid pJW423 (constructed by S. Levene and J. C. Wang) Smak; 9, Apak; 10, Stul; 11, BamHI; 12, HindIH (all restriction 
is a plasmid containing the wane K-DNA fragmentat the Bam it enzymes purchased from New England Biolabs). The highest 
site of vector pJW37. Plasmid pJW37 (constructed by J. C. Wang) mobility band of each lane is the circularly permuted K-DNA 
is a derivative of pBR322 with deletion of the region from nucleo- branes oiher kaane aise Ect dhe Vector Circularly: per- 
tide 236 to 2,352, and with the HindIII site replaced with a BamHI Send K ONA aren DT eA wes and 
cS fanked by pie Finem R pIWwa23 and pIW37 DNA were fragment, because of the complexity of the FnauDI digestion 
a linearized with different restriction enzymes which cut only once attert, Lane 133s DBR 322 Hinfl as a size marker. b, Mapping of 
a in the plasmids, either adjacent to (BamHD) or far from (Pst) the A bënding site a the K-DNA fragmënt. The a E 
EN p nee T apie S aaa ae pee Y mobilities of circularly permuted K~DNA fragments were plotted 

a hi l S es os { h in 3 ie po 423 oa E : rw oi against the position of the restriction sites in the K-DNA fragmento: 

P ee We aaa = a 3 A HI. ‘4 ee Psl. A The number in parenthesis at cach restriction site is the distance 

seen igh: of pone Se ee ee in base pairs from the left Hindlll site of the fragment to th 

pIWw37-Pstl + pIW37- Bam HE Ry pro aa i Position position of the. cut on the 5’ 3° strand. The bend centre wa 

effect of protem-induced bending. Plasmid PEW EOL is a arsed estimated through extrapolation to be at 148 = 5 bp from the leia (e 

containing a single copy of 203 bp fac promoter DNA at the EcoRI end of the fragment. ©, Relative mobilities of circularly permuted. - 


“site of pHW1 (a derivative of pJW37 with deletion of the BamHI is ant ie i | 
site). pHW101 was linearized with HindIII or PstI enzyme. The K-DNA fragment; 4, relative mony oi normal a23 bp: 


linear plasmid DNA was incubated with CAP (kindly provided by 
H. N. Liu-Johnson and J. Rice) plus 10 aM cyclic AMP, or with DNA sequence at K-DNA. bending locus 


fac repressor (a gift from M. Leahy) (1:1 molar ratio of protein oe 
to DNA) for 1h and loaded directly onto a 4% polyacrylamide The DNA sequence® around the bending locus of K-DNA is- 


Fig. 1 a, Construction of circularly permuted variants of a DNA 
sequence differing in conformation because of the location of a 
bending locus shown by the box. The tandem dimer is cleaved 
with two different enzymes (1) and (2), yielding fragment (1), 













_~ gel in TBE buffer with 10 pM cyclic AMP. Samples in each lane shown in Fig. 3b. The striking pattern contains periodically 7 
are pHWI1O1L-Pstl (1 and 5), pHW101-Pstl+ CAP (2), pHW101- repeated (dA)s.¢ tracts separated by four to six base pairs of 
> Hindiil G3 and 7), pHW101-HindIll + CAP (4), pHW101-Pstl + G+C rich sequences. The centre of bending (bp 140) for the 

: ~ dac repressor (6), and pHW101- -Hindlli+ lac repressor (8). sub K-DNA fragment is positioned in the middle of this DNA | 


EE gc sequence pattern. There are other oligo(dA) tracts scattered | 
f there is only one major bending locus in a fragment, the throughout the K-DNA sequence but they are not as regularly 
“mobility curve should be symmetrical and roughly sinusoidal distributed as in the region of the bending centre. It is known 
with period equal to the length of the DNA fragment. An that poly(dA)- poly(dT) exhibits distinctly different characteri 
asymmetric variation of gel mobility with end position is an tics from other members of the B DNA family: it has a helical 
ndication of more complicated shape. The mobility plot forthe repeat of 10 bp instead of 10,57)? and. does not | form nucleo- i 
'41 bp subfragment is more regular than that for the 423 bp somes upon Pen with i histono” ok ‘The unic ence of 
ragment, with ‘a symmetric variation of gel mobility about a 
aximum. and a minimum. The maximum (bp 140) and the 
| bp 20) of the mobility curve are separated by 120 










o half the e fragment length, as expected. (Note that 
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J Fig.3 a, Mapping of the bending site on.a sub K-DNA fragment. < Fig. 4 a, 5%: polyacrylamide gel electrophoresis (TBE) of the 


Plasmid pJW423 DNA was digested with Haelll enzyme. The | complexes of CAP anda circularly permuted DNA fragment which 
Haelll fragment containing the 237 bp Hindll-Haell region of ` contains the E; coli lac promoter region. DNA fragments of 203 bp 
K-DNA was purified and Hindili linkers (New England Biolabs) containing the lac control region were self-ligated and cloned into 
-were attached. After digesting with Hindili enzyme, the sub K- the EcoRI site of vector pHW1. The clones with tandemly repeated 
fragment with a HindIII site at each end was purified and self- 203 bp DNA inserts were identified through a boiling minilysis 
ligated, then cloned into the Hindili site of pHW1. pHW132 procedure. pHW104 DNA, which contains four tandem repeats 

__, Containing a tandem dimer of the sub K-DNA insert was digested of the 203 bp. DNA, was cut with different restriction enzymes to 

- with different enzymes and loaded directly onto an 8% polyacry- generate circularly permuted fragments. CAP or lac repressor and. 

~lamide gel in TBE buffer, The relative gel mobilities of circularly circularly permuted lac DNA fragments were incubated andè 
cooo permuted sub K-DNA fragments were plotted against the position ` loaded directly onto the gel as described previously*’. Samples in’ 
of the restriction sites of the sub K-DNA fragment. From this > each lane are: 1, pHW104-EcoRI; 2, pHW104-EcoRI+CAP; 3, 
experiment we estimate the bend centre to be at 140 £3 bp from PHW104-Poull+CAP; 4, purified Hhal circularly permuted 
the left end of the fragment. ©, Relative mobilities of circularly fragment+CAP; 5, purified BstNI fragment+.CAP; 6, purified 
permuted sub K-DNA fragments; A, relative mobility of control Hpall fragment+CAP; 7, pHW104-EcoRI+CAP; 8, pHW104- 
241 bp DNA fragment. b, DNA sequence” and junction bending _ EcoRI + lac repressor; 9, purified Poul! fragment + lac repressor; 
model of K-DNA around the bending Icous of sub K-DNA®. Note 10, purified Hhal fragment+ lac repressor; 11, purified BstNI 
the periodic repetition of the sequence-CA._,T. Differences in fragment+lac repressor; 12, purified Hpall fragment + lac 


; Helical geometry between dA-dT tracts and adjacent DNA seg- repressor, Purified fragments were used in some cases because of 
gents are proposed as the origin of junction bends, The figure the complexity of the restriction pattern, but no difference in gel 
ows a planar projection of the bending angles which result when mobility of protein-DNA. complexes was observed when whole 


"12° junction bending angle is assumed between dA-dT tracts digests were used. b, Mapping of the bending site in the CAP~ 






and the adjacent B-DNA helices. Calculations used the rotational _ 203 bp DNA complex. The relative gel mobility of the complex. 
matrix described by Flory**, and assumed a helical twist of 34.3° of CAP and circularly permuted 203-bp lac DNA fragments is oe 
per base pair for B-DNA segments, and 36.0° per base pair for | plotted against the position of restriction sites in the DNA frag- 


dA dT tracts?! 32, ment, expressed as the distance along the 5’ > 3’ (upper) strand ` 
i from the left hand EcoRI site in the ‘normal orientation of the 


203-bp fragment. The bend centre was estimated through extra- > 


-= periodically repeated at 10 bp intervals, are responsible for polation at 89+ 2 bp: The bottom line shows the functional map 
> S€quence-directed bending of the K-DNA fragment. — = of the 203-bp lac Promoter fragment, with twofold symmetric- aoe 
et re Cae oe ee regions of the CAP binding sequence indicated by boxes. The bend | ae 
_ DNA bending induced by binding of (CAP _ Centre is significantly displaced towards the promoter from the 
~ Figure 1e shows the position effect of the CAP binding site on centre of the protein binding site (83 in this coordinate frame). > 


The expected minimum in gel mobility is shown as the dotted . 

region of the curve at its expected position of 191 bp, displaced 

by half the fragment length, or 103 bp, from the mobility maximum — - 
X at 89 bp. a ge 


_ the gel mobilities of CAP-plasmid DNA complexes. Circular 
_ plasmids containing the lac promoter sequence were linearized 
" respectively by two different restriction enzymes which cleaved 
once in the plasmid. The linear plasmids generated have s 
® intact lac promoter sequence either in the centre (Pst] hot simply the result of CAP location in the linear plasmid 
ligestion) or near the end (HindIII digestion) of the DNA rather reflect the conformation of DNA in le. 
“fragment. The complex of CAP with Pstl-cleaved linear plasmid 
shows significantly slower mobility than that of CAP with the 
dll cleaved plasmid. In contrast, the complexes of lac 
essor with these two linear plasmids show no detectable 
t v is indicates 














n of mobility with lac promoter location. Th | 
r f mobility for the CAP-plasmid complex is- 
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Fig. 5 5% gel electrophoresis titration of Sau3A restriction frag- 
ments of plasmid pPE103° (pBR322 with the Sau3A K-DNA 
fragment cloned into the BamHI site) with distamycin. To aliquots 
of 1 wg restriction fragments were added various amounts of dis- 
tamycin, and the samples were loaded onto the gel directly. Faaa 
of distamycin from left to right: 1, 0; 2, 0,005; 3, 0.01, 4, 0.03; 
§, 0.05; 6, 0.07; 7, 0.09; 8, 0.15; 9, 0.2; 10, 0.3 per base pair. 
The second DNA fragment from the top in lane (1) is the cloned 
kinetoplast DNA; other fragments are generated from the vector 
pBR322 used in the pPE103 clone. As added distamycin was 
increased the mobility of K-DNA increased and that of the third 
fragment from the top decreased. They crossed at raa = 0.01 and 


me : : K-DNA became the third fragment from the top thereafter. Lane 


11 is pBR322-Alul as a size marker. 


of the CAP-203 DNA complex is not much faster than that of 
lac repressor complexed with the same DNA fragment. When 
DNA length is increased from 203 bp to 2,400 bp, the mobility 
of the complex of CAP and PstI cleaved plasmid becomes 


significantly slower than that of lac repressor complexed with 


. the same linear plasmid. No difference in the relative gel 
mobilities for the complexes could be detected with a variation 


of electrophoretic buffer from 13 mM to 100 mM ionic strength 


(data not shown). All of these findings strongly indicate that 
the different gel mobilities of the complexes are not the con- 
sequence of differences in the charge or molecular weight of 
the proteins but of the DNA conformations in the complexes. 


The size of the DNA fragment. apparently also influences the 

_< extent of reduction in gel mobility resulting from bending. 
Keeping the bending locus in the centre of the fragment, we 
found that, for K-DNA, the longer the fragment, the greater 
the percentage increase in apparent molecular weight from gel 


mobility (data not shown). It could be this length effect which 


-causes a greater mobility retardation of CAP compared to lac 
--gepressor, both complexed with a large DNA fragment. 


Asymmetric bending of lac promoter DNA 


Figure 4 shows the result of electrophoretic analysis of circularly 


- permuted lac promoter fragments interacting with CAP or lac 
‘o repressor. Only the CAP-DNA complex exhibits a strong 


dependence of gel mobility on the position of the molecular 
nds, implying that neither the DNA fragment alone nor the 





symmetry of the CAP-promoter com X indicated - 












































































by the observation that only one of the protein subunits binds © 
cyclic AMP tightly*°?’. Asymmetry is, of course, implied by 
the fact that the promoter is found on only one side of the CAP 
site. Unfortunately there are rio known restriction sites near 
expected minimum in gel mobility (188 bp), shown at its pred: 
ted position by the dotted line on the graph in Fig. 45. In other 
cases it may be possible to define the bending locus equally well 
from the gel mobility minimum. = 
Structural asymmetry is also found in the crystal structure of 
the CAP dimer”. The relative orientation of the two structural | 
domains, DNA binding and cyclic AMP binding, are different 
in the two subunits of the CAP dimer. In one case, the two 
domains are tightly packed to form a close conformation, while 
in the other subunit, the two domains form a more open cleft. 
The two DNA binding domains in the dimer are not parallel, 
but rather are oriented at an angle as large as 28°71, This 
Structural asymmetry in the CAP dimer could help induce the- 
asymmetric DNA bending as we observed by the gel elec- | 
trophoresis method. Moreover, bending right-handed B-DNA 
in the CAP-DNA complex could increase the number of favour- 
able protein-DNA contacts (T. Steitz, personal communi- 


cation). 


Removal of DNA bends by distamycin 


Figure 5 shows that small amounts of the oligopeptide antibiotic / 
distamycin normalize the gel mobility of the K-DNA fragment 
In the presence of one distamycin molecule added per 30 bp, ` 
the mobility of the fragment is similar to that of a 423 bp DNA 










complexed with distamycin. The mobility changes seen in Fig. 


5 for other fragments arising from the vector probably reflect 
induced bends, and are addressed in elsewhere’. 

We found that distamycin at low drug: DNA ratios is also 
able to increase the mobility of the CAP~DNA complex without 
displacing CAP from the DNA, as judged from the sharp elec- 
trophoretic band found for the CAP-DNA complex in the 
presence of drug. In addition, distamycin greatly reduces the 
mobility difference between the circularly permuted variants of 
the complex (data not shown). We draw the tentative conclusion 
that distamycin can reduce bending in the CAP-promoter DNA 
complex. The similarities between this result and the observa- 
tions on the K-DNA fragment suggest the intriguing possibility 
that bending may share a common structural basis in the two- 
cases. 


Models for DNA bending and activation 


Models for DNA bending in chromatin have generally assu = 
either smooth bending or kinks’; these two basic possibilite 


* 


for the CAP-DNA complex are shown in diagrammatic fona 






in Fig. 6. Smooth bending (Fig. 6a) involves small changes. in 
helix direction at each base pair, a possibility which we cannot: — 


presently exclude. However, we prefer the kinked model (Fig 
6b), which we call junction bending, because it leads to more. 
interesting hypotheses as a focus for further work. Specifically, 
we propose that in both K-DNA and the C AP-DNA complex, | 
bending occurs at the junctions between regions of B-DNA and | 
sections containing an altered helical conformation. For 2 


Fig. 6 Models for DNA bending by CAP protein. a, Smooth 


bending; 6, junction bending. The protein subunits are shown as i 
_ non-equivalent because only a single cAMP is taken up in forma- 


01 pecific CAP-promoter comple 

























and Arnott et al? 


























el bui 


iing tha 
DNA regions. 
-In the case of K-DNA, we propose that oligo dA tracts have 
an altered helix structure, perhaps like the heteronomous (H) 
DNA structure devised by Arnott et al?” to explain the fibre 
diffraction data for poly(dA)- poly(dT). When these tracts are 
out 5 bp (half a turn) long, the junction bends will point in 
the same direction, yielding a net molecular bend, as shown in 
Fig. 3b. (Junction bends spaced by a full helical turn yield only 
a helix axis dislocation, not a net bend.) If these 5-bp tracts are 
separated by 5-bp spacers, then the bending will be additive 
nd in the same plane. For example, with a junction bend of 
bout 12° for the H-B DNA junction, half the angle suggested 
by Arnott et al” for the A-B junction, then the projection of 
the DNA helix on the plane around the bending locus of K-DNA 
-can be drawn as shown in Fig. 3c. Eight nearly inphase 12° 
bends generate an overall bend of about 90°, with the centre 
of bending located around bp 140, in close agreement with the 
-results determined by the gel method for the sub-K fragment. 
-_. This model readily explains the effect of distamycin on K-DN A, 
since it is known that the drug prefers the B helical formë, 
-= Reversion of dA tracts to B helix would eliminate junction 
bends; the same phenomenon may explain the disappearance 
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hat a helix bend is expected at the junction of 


that CAP may bend promoter DNA by induction o 
such as the H form, creating junction bends. This pr 
several possibilities for an influence of CAP binding. 
polymerase~promoter interactions. I 
may recognize the H conformation directly, sliding fr 
to its normal interaction sites at —35 and ~10. Alter 
the H conformation may potentiate transient conversion of 
adjacent promoter B-DNA to a conformation such as A w 
more readily binds polymerase. Finally, it is also possibi 
the role of DNA bending is primarily to create CAP-poly 
interactions which would not be sterically possible 


of electrophoretic anomalies at elevated tem 
is under way in our laboratory to explore q uan 
tion of this model to the K-DNA structure*?. 











By analogy with the model for K-DNA bending, i 























For example, poly 














































promoter. Further work will be required to sort throug h these 


possibilities. 


nature of helix-helix junctions. H.M.W. thanks Dr Alice Cheung 
for advice on cloning techniques. | a 
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r Deletion experiments have defined two stretches of DNA (genetic elements), 
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lying close to the promoter for a human 


` gene for metallothionein, that separately mediate the induction of the gene by heavy metal ions, particularly cadmium, 


_ and by glucocorticoid hormones. 







for the glucocorticoid hormone receptor. 


- METALLOTHIONEIN (MT) genes, encoding low molecular 
: weight heavy-metal binding proteins, are a useful experimental 


heavy 


cers mec 


are primary inducers of MT mRNA‘, acting at the transe p 
tional level*°. The kinetic | 
HeLa cells, and the differential induction response to m 
ions and glucocorticoids after inhibition of 
“suggest that the two % 


The element responsible for induction by cadmium is duplicated, yet a single copy is 


fally functional; the element responsible for induction by glucocorticoid hormones is coincident with the DNA -bind ing 











analysis of MT mRNA inductio 
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Classes of inducers act by indeper 
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Fig. 1 Expression of hMTK 5S’ deletion mutants in transfected rat 
fibroblasts. a, Structure and generation of deletion mutants. b, North- 
ern blot analysis of TKmRNA expression. ¢, S, nuclease mapping. 

Methods: a, phMTK is a plasmid bearing a fusion gene consisting of 





na 



















p 9 4-50 


the 5‘ flanking region (including the 5’ untranslated region) of the A-268 A-236 CGA hMTK aE 
hMT-II, gene (solid black bar) ligated to the structural portion of lo calo Der ca llO Dex cdl 5 Den cal oe eae 


the HSV-TK gene (stippled bar). Its construction is described in ref. 
10. To generate 5S’ deletion mutants within the hMT-II, regulatory 
region phMTK was linearized at the unique HindIII site, located at 
the 5' terminus of the gene, and subjected to digestion with Bal31 
(ref. 11) for different lengths of time. The digestion was terminated 
by phenol extraction and the DNA was restricted with EcoRI. The 
fragments containing the deleted hMTK gene were isolated by agarose 
gel electrophoresis and inserted in between the EcoRI and the Hincll 
sites of pUC8 (ref. 43) to generate phMTKAS5‘-n. The extent of the 
deletions was first estimated by restriction enzyme mapping and then 
by nucleotide sequencing (ref. 44) from the HindIII site in the vector, 
which is adjacent to the deletion end point. All recombinant DNA 
procedures were described previously?” and were performed accord- 
ing to NIH guidelines. Solid bars indicate hMT-II, 5’ flanking DNA; 
stippled bars, HSV-TK structural portion; hatched bars, HSV-TK 5 
flanking DNA; thin lines, plasmid sequences. The numbers refer to 
the respective positions within the hMT-Il, and HSV-TK genes in 
the junction. b, The various phMTKA5'-n plasmids were introduced 
into Rat 2 cells as described in Table 1. Mixed mass cultures of TK” 
cells were derived by trypsinizing and mixing large numbers of different 
TK* colonies. Before the induction experiments, cells were adapted 
to normal growth medium without HAT and dexamethasone (Dul- 
becco’s modified Eagle’s medium with 10% fetal calf serum). Multiple 
plates (three for each experimental point) were incubated with either 
107° M dexamethasone (Dx) or 5x 107°M Cd** (Cd) or in normal 
growth medium (O} for 10-12 h. Total cytoplasmic RNA was extrac- 
ted and 25 pg samples were analysed by Northern hybridization®” as 
previously described'’. The numbers above each set of samples indi- 
cate the deletion end point within the 5’ flanking region, of the 
phMTKAS’-n plasmids used. ¢, S, nuclease mapping: 100 pg samples 
of total cytoplasmic RNA from the various TK” cultures, described 
above, were hybridized to 10° c.p.m, of a HindIII-Ncol fragment 
end-labelled with T, polynucleotide kinase and [A-7 P]ATP at the 
Neol site (this site is adjacent to the hybrid BamHI/ Bglll site of 
phMTK, see a). Hybridization was for 12h at 53 °C, in 50 pl of 80% 
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formamide, 0.4 M NaCl, 40 mM PIPES pH 6.4, | mM EDTA. S, nuclease resistant DNA fragments were generated as described and were 


displayed on a 10% denaturing acrylamide gel, together with the chemical degradation™” products of the probe. The numbers above the lanes 





indicate the deletion end point. G and G + A indicate the products of the two purine-specific sequencing reactions’. P indicates the $, nuclease .. 
resistant products generated by hybridization of the probe to 100 pg of yeast tRNA. hMTK indicates S,-resistant fragments formed by 

hybridization to RNA from cultures transfected with the intact hMTK gene as previously described’. RNA was derived from control culture Sell 
(QO), dexamethasone-treated cultures (dex) or Cd?” treated cultures (Cd). (The upper band present in the Cd-induced sample from the -5¢ 
deletion, is an artefact, caused by retarded migration of a portion of that sample due to incomplete removal of the RNA before loading.) 





























We recently introduced the cloned human MT-I, gene 
— (hMT-II,) (ref. 9) into Rat 2 fibroblasts and found that it retains 
its responsiveness to both glucocorticoids and heavy metals. 
_Also, a fusion gene (hMTK ), constructed by joining the 5: 
“flanking region of hMT-II, gene to the structural portion of 
-the herpes simplex virus (HSV) thymidine kinase (TK) gene, 
-is responsive to both inducers. The induction of both the intact 
HMT-IL, gene and of the hMTK fusion gene is due to increased 
transcription following either Cd°** or dexamethasone 
administration’®. 
-. To map the regulatory DNA elements and determine whether 
they serve as binding sites for various regulatory proteins we 
_ constructed progressive deletion mutants in the 5 flanking 
region of the hMTK gene and tested them for both hormonal 
and heavy metal induction in vivo, after transfection into rat 

fibroblasts, and for their ability to bind to the rat liver glucocor- 
ticoid hormone-receptor complex in vitro. 
We find at least three separate regulatory elements within 
ye 5’ flanking region of the hMT-IL, gene, one, present in two 
DIES. olved in heavy metal ion induction. The second 


















element centred around nucleotides ~70 to ~90 is important he 
for the maintenance of the basal level of expression. The third |. 
element, centred 250-260 base pairs (bp) upstream to the start ee 
site of the transcription, is involved in hormonal induction. Tt igi." 
element is also the binding site of the purified glucocorticoid- . 
hormone-receptor complex to the human gene. i 






Two upstream regulatory elements | 
We constructed a chimaeric gene consisting of 800 bp of the 5’ 
flanking region, containing the promoter elements, the cap site — 
and the 5' untranslated region of the hMT-II,, fused to t 
transcribed portion of the HSV TK gene. When this fusion get 
(hMTK ) is transcribed from the hMT-I1, promoter it generates 
a functional TK mRNA at levels increased by treatment of 
transfected cells with either dexamethasone or Cd**. Bot 

inducers act by increasing the transcription rate of the transfec 
ted gene'®. We used the hMTK fusion for the constructio 
deletion mutants to characterize the regulatory elements ot t 
hMT-II, promoter. To generate a series of 5’ deletions, phMT 
was linearized at the unique HindllI sit at its 5’ terminus, 4 
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TK-46 -43/-46 -67/-46 -98/-46 -1074-46 -126/-48 -166/-46 
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oo Fig.2 Analysis of 3’ deletion mutants. a, Construction of 3’ 
_ deletions and hybrid promoters, The diagram illustrates the struc- 
ture of the phMK-n/-46 fusions: solid bar, hMT-II, 5’ flanking: 
DNA; stippled bar. HSV-TK transcribed region; hatched bars, 
_ HSV-TK. 5’ and 3’ flanking DNA; thin lines, plasmid DNA. -n1, 
deletion end point within the hMT-I1, gene; -46, deletion end 
= _ point within TK gene. b, Expression of the phMT-n/-46 fusions. 
_» Arrows refer to 1.3 and 0.9-kb transcripts of HSV-TK gene, plus 
and minus signs denote presence or absence of Cd?” before RNA 
i extraction (see below). 
Methods: a, To generate 3‘ deletions in the hMT-IL, gene 5’ 
flanking regions, p84H, a HindIll subclone of hMT-H a gene’, was 
linearized at the single Neal site (at the AUG initiator codon of 





ing the digestion, the DNA was restricted with HindHI, and 
mragments of the appropriate size containing the hMT-II, gene 5’ 
~ flanking region were isolated on agarose gels and subcloned into 
the HindIII and Hincll sites of pUCS8 (ref. 43) to generate phMT- 
I]-A3’-n, whereas n stands for the deletion end point within the 
hMT-IL, 5’ flanking region determined by chemical sequencing**, 
Plasmids pTK-A5’-46 and PPK-45’-109 (ref. 13) were digested 
“with EcoRI (a partial digest in the case of pTK-A5-109) and 
BamHI, and the fragments containing the HSV-TK gene 5' dele- 
tion mutants were isolated and cloned between the BamHI and 
EcoRI sites of phMT-II-A3’-n to generate phMT-n/-46 and 
PhMT-n/-109 respectively. There are 11 nucleotides (3’- 
GACGGATCCGG-3’} derived from the vector and the Bam 
linker used by McKnight that separate the HSV-TK and the MT-II 
gene sequences. b, The various phMK-n/-46 plasmids were intro- 
duced into Rat 2 cells as described in Table 1. Mixed mass cultures 
were derived and treated either with (+) or without (=) 5% 40"° 
Cd*” before extraction of total cytoplasmic RNA. 25-ug RNA 
samples were analysed by Northern hybridization**. TK-46, parent 
TK gene deletion mutant used for construction of the fusions. The 








-digested with the processing exonuclease Bal31''. Different — 
- deletion derivatives were isolated by gel electrophoresis and 
` recloned (see Fig. la for details), The progressive deletions in 

the 5’ to 3’ direction are referred to as phMTKAS5’-n where n 

is the nucleotide present at the deletion end point within the - 
© AMT-IL, 5' flanking region (see Fig. 1a). The deletion mutants 

.. Were introduced into Rat 2 cells by transfection and selection 
in hypoxanthine-aminopterin-thymidine (HAT) medium. In the 
«past, we have shown that selection with dexamethasone leads 
to 5~10-fold increase in the number of TK* clones generated 
by phMTK"®, due to increased transcriptional activity of the 


<marker gene. This was used as a rapid assay to localize the 
element involved in hormonal induction. The results of such 

tfansfection experiments are shown in Table 1. Also the com- 
son of transfection efficiencies of the PhMTKA 5’ mutants 
the absence of hormone, helps to map regulatory elements 
iffecting the basal level of expression. 

th dexamethasone, therefore, transformation efficiency of 
KAS’ mutants, containing at least 268 bp of the 5’ flanking 
n, is increased 5- to 14-fold. Constructs containing between 














_ by either Cd** or dexamethasone increases the frequency. of 
Initiation at those sites. a ed 


activity for obtaining transformants and we were not successfi 





of “dexamethasone on transfo 
hMTK deletion mutants 









































Deletion No. of TK” colonies 7 
end points ~dexamethasone  +dexamethasone- nk 
Expt 1 es 
-585 2742 13744 
=515 35+4 16644 4, 
~445 2641 118+13 a a 
~300 3643 326 +23 -91 
HSV-TK 23847 25311 1.06 
Expt 2 m 
—300 28+1 220 +3 B: 
-236 1841 33+] Be 
“223 31+2 2824 0.9: 
—74 20 341 LS. 
HSV-TK 180 +6 175+7 0.97 
Expt 3 D 
— 300 223 lids] per 
~268 6+0 87+19 l45 
~9j 1543 20+3 La 
~50 1+0.5 2+0.5 pS (ame 
HSV~TK 140 +20 Lae! 





























2 weeks of growth in 

selective medium either in the absence or in the presence of- 
dexamethasone (10~°M) the colonies were fixed, stained and counted!®, 
Numbers represent averages of two or three plates. 


1). Deletion mutants containing less than 91 bp of the 5’ repula- 
tory region of the hMT-II, gene exhibit markedly reduced 
transformation efficiency. 

To examine the effect of inducers on expression of the hMTK 
deletions, more directly, we treated stable TK” cultures, derived __ 
from many different individual clones with either — 
dexamethasone or Cd?* for 10h, extracted total cytoplasmic — 
RNA and determined the relative level of TK mRNA present. 
The average activity of a given mutant can be determined by 
examining its expression in a. mixed population of cells, — 
Individual clones vary in their levels of expression and are not 
suitable for such an analysis. The level of TK mRNA was 
increased by both dexamethasone and Cd?" in all of the TK* 
cultures derived from transfection with hMTK 5' deletion 
mutants containing 268 bp or more of the hMT-II, 5’ regulatory 
region (Fig. 15). Cultures derived from deletion mutants con- x 
taining 236 bp or less of 5’ flanking sequences no longer respond — 
to the hormone, but are still metal inducible. The basal level of 
expression of the mutants did not vary much in most of th 


the absence of dexamethasone (see Table 1). The copy numbey 
of phMTKAS’-n DNA integrated into the TK* cells w 
examined and found to vary little (not more than twofold) 
amongst the different cultures (M.K. and A. Heguy, unpublishec 
results.) l : aa 
Next we investigated whether the deletion of 5’ flanking 
sequences has any effects on selection of start sites for transcrip- 
tion of the hMT-II, promoter. Using the S, nuclease mapping. 
technique’? we find that none of the deletions effects the choice _ 
of initiation sites for the hMT-IL, promoter (Fig. 1c). Induction 


Heavy-metal ion responsive element : 
Analysis of the 5’ deletion mutants indicates that only 50 nucleo 
tides of the S’ flanking region are necessary for heavy-metal ion. 
induction. Our method of analysis depends on transcripti 


sing any further deletion mutants which all fell withi 













boundaries of such elements, Bal31 deletions were initiated 
from a unique restriction site (NcoI) 3’ to the promoter. In the 
course of mutagenesis the proximal promoter elements (TATA 
box and cap site) are deleted; therefore, to restore transcrip- 
tional activity hybrid promoters were constructed. The progress- 
ively deleted fragments of the hMTA-II, regulatory region were 
fused to a ‘crippled’ HSV-TK promoter from the mutant 
pTKAS’-46 generated by McKnight'’, The new hybrid pro- 
moters, therefore, contain a proximal promoter element from 
a gene (HSV-TK) not normally responsive to heavy metal ions!” 
and various portions of the 5° regulatory region of the hMT-I, 
gene (Fig. 2a). The 3’ deletion mutants are referred to as 
phMK-n1/-46, whereas n1 stand for the deletion end point 
within the hMT-IL, gene. phMK-ni/-46 series plasmids 
(phMK-n1/-46) were introduced into Rat 2 cells. Mixed cul- 
tures were derived from many TK” colonies and analysed for 
expression of the chimaeric genes. 
s= Surprisingly, we found that the 3’ limit of the metal responsive 
< element lies somewhere between positions-126 to -166, since 
phMK-126/-46 is Cd?* inducible and phMK-166/-46 is not. 

The pTKA5'-46 promoter itself is not responsive to Cd** and 
its basal level of expression is lower than any one of the hybrid 
-promoters (Fig. 2b). Similar results were obtained when the 3’ 
‘deletion mutants were joined to the intact HSV-TK promoter 
, from pTK A5'-109 (ref. 13), however, in this case, due to higher 
pasal levels of expression, the fold induction after Cd?” treat- 
ment was not as high (A.H., unpublished results and also see 
ref. 10). 

In one series of experiments (Fig. 1b) the 5’ limit of the metal 
responsive element seems to lie either at or 3’ to position -50 
and in another series of experiments (Fig. 25) the 3’ limit 
mapped between -126 to -166. However, this ambiguity. was 
settled by comparison of the nucleotide sequences between 
positions -30 to -50 with the sequences between -135 to -155. 
An extensive homology of at least 12 nucleotides was found 
(Fig. 3). The same nucleotide sequence is shared with three 
other MT genes: mouse (m) MT-I (ref. 14), rat (r) MT-I (R. 
Andersen, personal communication) and hMT-I, (ref. 15). 

Close examination of the level of the 1.3 kilobase (kb) 
transcript initiated within the proximal HSV-TK promoter (data 
not shown but see ref. 10) relative to the level of the 0.9-kb 
transcript, which is initiated from a weak promoter within the 
structural portion of the HSV-TK gene (ref. 16), indicated that 
the basal level of expression of the hybrid promoter drops 
= between phMK-43/-66 to phMK-43/-88. Therefore, the 3’ 



















































of expression of the hMT-IL, promoter or hybrid promoters is 
in. between positions -66 to -88, the same region as defined 
earlier by the 5’ deletions. 


determine’ whether hormonal induction of the hMTK gene 
s a result of binding of the hormone-receptor complex to a 
specific site in the gene and whether the loss of biological 
response to glucocorticoids is correlated with loss of receptor 
binding to DNA we analysed the binding of partially purified 
Jucocorticoid receptor from rat liver?” to the different deletion 
mutants. We found preferential binding of the receptor to those 
DNA fragments containing at least 268 bp of the region 


sinding was found to DNA fragments containing only 237 bp 
or less of this region (Fig. 4a and b). These findings suggest 
hat the glucocorticoid responsive element between nucleotides 
7 and -268 is also responsible for receptor binding to DNA. 
define the glucocorticoid responsive sequence directly we 
tformed DNase I protection experiments with the partially 
rified glucocorticoid receptor and end-labelled DNA frag- 
ments E the chypethetical ‘site’? P one showed a 


approach to mapping of regulatory elements. To map i he ` sequences bene ae positions $11 p 


limit of the element involved in maintaining the high basal level . 


ipstream of the hMT-II, initiation site, whereas no selective - 
abscissa shows the region upstream of the transcription initiation 
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-35 (AMT-I], no. 1) and -151 to | ee 

-136 (hMT- Ha no. 2) of the hMT- bd, : ore 
il, gene” and the relevant sequen- a OL mi D | : 
ces on the hMT-1, (ref. 15) and 

the mMT-I (ref. 14) genes. Under- — 6 { \ 
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neath is shown the consensus CONSENSUS 
sequence derived from.comparison 


of those four regions. 
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Fig. 4 Filter-binding experiments with hMT-I],-TK deletion 
mutants. Four chimaeric plasmids in which the hMT-IL,-insert had 
been deleted up to the indicated positions upstream of the cap site 
(Fig. 1) were digested with HindHl and Sst] which cuts within the 
HSV-TK gene. The fragments were isolated on low-melt agarose 
gels, mixed in equimolar amounts and 3’ end-labeled at the Hi 
dill site with [a-**P]GATP and the large fragment of Escheric 
coli DNA polymerase’*, The whole length of the four fragme 
were 1,029 bp (deleted to -445), 884 bp (deleted to -300), 81' 
(deleted to -235) and 694 bp (deleted to -110) respectively. a, An 
autoradiogram of the DNA fragments bound to nitrocellulose 
filters by the partially purified 90,000 molecular weight form of — 
the receptor and separated by agarose gel electrophoresis. Sng 
DNA were used for each assay. Lanes 1 and 10 show the input 
DNA mixture. Lane 2 shows the DNA retained on the filter inco 
the absence of receptor. Lanes 3-5 show the fragments retained 
at 60mM KCI with increasing receptor concentrations (lane 3: 

12 ng; lane 4: 28 ng; lane 5: 43 ng of receptor). Lanes 6 and 7 
show the DNA fragments retained after incubation with 43ng |. 
receptor at 90mM KCI (lane 6) or 120 mM KC} (lane van Lanes =- 
8 and 9 show the DNA bound to the filter by 43 ng receptor at 
60mM KCI in the presence of 25 ng native calf thymus DNA; 
(lane 8) or 100ng native calf thymus DNA (lane 9). — 
Densitometric. evaluation of the autoradiogram shown in a. The 














site. of hMT-IL, (cap). The numbers refer to the nucleotides. 

retained in the corresponding deletions. The ordinate represents... 
the relative affinity, defined as the ratio between the fractional 
intensities of the individual bands in lanes 3, 7, 8 and 9 of the- 
autoradiogram and the fractional intensities of the same bands in 
the input DNA. Average and range are shown. The black box = 


indicates the glucocorticoid regulatory element and the cross- o 
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Fig. 5 An autoradiogram of a DNase] protection experiment 
performed with the DNA fragment shown on the left. Numbers 
refer to positions upstream of the cap site. The arrows indicate 
enhanced cutting sites of DNase Lin the presence of receptor. Lane 
G, guanine-sequencing ladder**; lane R—; control DNase I ladder 
without receptor; lane R+, DNase I ladder in the presence of the 
partially purified 90,000 Mr form of the receptor. b, Methylation 
protection experiment. The figure shows the autoradiogram of a 
6.5% polyacrylamide urea gel. Right, DNA fragment: Lane R—, 
_ Sequence reaction specific for guanines in the absence of receptor; 
lane R+, the same reaction performed in the presence of the 90,000 
‘molecular weight form of the receptor. The arrow indicates a 
strongly methylated guanine in the presence of receptor at position 
250 from cap. The sequence of the region showing receptor- 
dependent changes is indicated. Numbers show the positions of 
two protected G residues upstream of the transcription start site. 
Methods: In a, the 1,029-bp HindIUI-SSt] fragment was labelled 
in the Hindli] site at the 3’ end with a-?2PdATP and the large 
fragment of DNA polymerase’. About 0.1 pmol of DNA 
180,000 d.p.m.) were incubated with 56 pmol of receptor (lane 
r) or without receptor (lane R-) in 180-1 assays and digested 
with DNase I as described. Base-specific sequencing reaction for 
guanines (lane G) were performed with the same fragment accord- 
ing to Maxam and Gilbert**. In b, the DMS protection experiments 
were performed essentially according to Ogata and Gilbert”, The 
884-bp HindlU-Sotl fragment was labelled in the Hindlll site at 
the 3' end with [a-**P]dATP and the large fragment of DNA 
polymerase'®, About 0.03 pmol of DNA (30,000 d.p.m.) were 
incubated with 60 pmol of receptor (lane R+) or without receptor 
_ (lane R—) in 200-p! assays containing 10 mM Tris-HCl, pH 7.5, 
-100mM KCI, 1 mM MgCl, 1 mM Nœ EDTA, | mM 2-mercap- 
-toethanol, 1 mM dithiothreitol, 1 mg ml”! bovine serum albumin 
_ and 10% glycerol, After incubation for 80 min at 25 °C, followed 
_ by 5 min at 20°C, the guanine-specific sequencing reaction** was 
` performed. In control experiments we have observed that under 
= these buffer conditions guanine methylation by DMS is indistin- 
juishable from that detected using cacodylate buffer as recommen- 
_ ded in the original method of Maxam and Gilbert**. 
cleotide sequence located between -245 (+2) and -265 (+2) 










nucleotides upstream of the initiation site protected against 
_DNase I digestion in the presence of the glucocorticoid receptor 
(Fig. 5a). In addition, there is a region centering at nucleotide 
“324 (+3) that is weakly protected against DNase I attack, 
ereas enhanced digestion is observed at other sites (Fig, Sa, 
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defined by a reversed genetic approach, and as a bindin 


as for the hMT-II, promoter. Due to very low level of basa 


- „dissociate the effects 








To identify further nucleotides directly V 
binding we used the technique of methylatio: 
this assay, contact of the receptor with specific G 
prevent its methylation by dimethyl sulphate (D 
in disappearance of the corresponding band in a 
nucleotide sequencing ladder. The results obt in 
antisense strand are shown in Fig. 5b. At least two G resid 
at positions -249 and -258, participate in the interaction 
the receptor. A third G residue exhibits enhanced methylati 
in the presence of the receptor (Fig. 5b, arrow). No other chang 
in the guanine methylation pattern were induced by the recepto 
in the region between -300 and the initiation site of the hMT-1 

gene. ae 































































Discussion 


Our results indicate that binding of the purified glucocorticoid 
hormone-receptor complex to a defined site within the 5’ flank- 
ing region of the hMT-II, gene leads to increased transcription 
from a promoter located 250 bp away. A separate regulatory 
clement present twice within that control region is involved in 
the induction response to heavy metal ions. Both of these 
elements can activate heterologous promoters located at least : 
600 bp away, suggesting that enhancement of transcription by 
both glucocorticoid hormones and heavy metal ions is mediated © 7 
via the activation of ‘enhancer-like’ elements!”. | OE 

The analysis of a series of in vitro constructed 5’ deletion 
mutants indicates that at least 268 bp derived from the 5’ flank- : 
ing region of the hMT-II, gene are required for glucocorticoid 
hormone mediated induction. Deletion mutants retaining 237 . 
to 50 bp of the regulatory region are no longer hormone induc- 
ible and respond only to heavy metal ions. Therefore, we con- 
clude that an upstream control element situated between nucleo: 3 
tides -268 to -237 of the hMT-II a gene is required for hormonal 
induction and a different control element is important for heavy 
metal induction. The metal ion responsive element is .a 
dodecameric sequence, highly conserved between all functional 
MT genes whose sequence is known (Fig. 3), and is present 
twice within the 5' flanking region of the hMT-II, gene. While 
we cannot rule out synergistic or cooperative relationships: 
between the two copies of the element, located between -38 to 
-50 and -138 to -150 on the hMT-Il, gene, it is clear that a 
single copy can confer heavy metal ion responsiveness. upon 
various proximal promoter elements. 

We have identified the binding site of the glucocorticoid 
hormone receptor complex on the hMT-I, 5’ flanking region. 
by testing the receptor bindin g Capacity of the various 5’ deletion 
mutants and by protection against DNase I digestion and DMS > 
methylation, due to receptor binding (‘foot-printing’). This bind- oS 
ing site is located between nucleotides -265 (+2) to -245 (+2) 
of the human gene. : : 

Taken together, these results demonstrate unequivocally that _ 
the same DNA region (-265 to -245) acts both as a regulatory. 
element necessary for glucocorticoid induction of transcription, 




























































AGING 
for the hormone-receptor complex, defined by the DNA bindin 
studies. Therefore the in vitro determined binding site is prob 
ably identical to the physiological site of interaction between 
the receptor and the gene. Moreover, since the deletion of that 
site does not effect the basal level of phMT-II, promoter activity — 
or its ability to be induced by heavy metal ions, it appears that — 
the glucocorticoid hormone-receptor is a positive regulatory 
factor. This is the first time such a relationship has been clearly 
established. Similar results, have recently been obtained b 
several groups investigating both hormone-receptor binding an 
expression of the long terminal repeat (LTR) of mouse ma 
mary tumour virus (MMTV)'719?!-23, However, due to cert: 
inherent limitations of the MMTV system, the relationshi 
between receptor binding sites determined in vitro, and eff 
of hormone on transcription determined in vivo is not as clea 





promoter activity in the absence of hormone, it is ha rd 
of deletions on inducibility of th 
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CONSENSUS : 


Fig. 6 a, Molecular anatomy of the hMT-II, promoter. Sequence of the sense strand of DNA between positions ~300 and +80. Regions -= 
important for hormonal induction (GRE for glucocorticoid responsive element), heavy metal induction (MRE for metal ion responsive 
element), and basal level of expression. Glucocorticoid regulatory element: solid line, the region protected by binding of the receptor to 
DNA: broken line, uncertainties in exact borders of the region. Also indicated are the TATA box and the cap site (hatched boxes) and region 
of alternating purine~pyrimidine sequences (Z-DNA), and the first two amino acid codons of the translated region. Arrowheads and numbers 
indicate the positions of deletion end points important for the mapping of the various regulatory elements. Arrowheads above the line indicate 
5‘ deletions, and below the line 3’ deletions. b, Consensus sequence for the glucocorticoid receptor binding to DNA. The sequence designated 
MMTVI and MMTVII, correspond to regions in the LTR of MMTV strongly protected by the receptor against DNase I digestion'”. The 
hMT-IIL,, sequence is taken from Fig. 4a and ref. 9. The asterisks mark the symmetry centre of small palindromes. 


promoter, from an effect on its basal transcriptional activity”. 


Also, the small, but significant induction observed in an MMTV 
deletion mutant containing only 50 bp of 5’ flanking DNA” 
and presumably no receptor binding sites’*’” leads to further 
confusion. 

Comparison of the hMT-IIl, gene nucleotide sequence at 
the region between -267 and -243 (ref. 9) to the MMTV-LTR 
sequences between -191 to -170 and -132 to -113 that are 
Strongly protected against DNase I digestion’? reveals a high 
degree of nucleotide sequence homology. We propose that the 
conserved sequence elements between those three different 
binding sites (shown in Fig. 6b) make up the consensus nucleo- 
tide sequence for glucocorticoid hormone~receptor binding to 
DNA and consequently hormonal induction. Final confirmation, 
however, will depend on the outcome of experiments testing 
the biological activity of synthetic consensus sequences. Interest- 
ingly, a sequence which is in complete agreement with our 
proposed consensus sequence is found within the first intron (at 
position +95 to +109) of the human growth hormone gene*’, 
a gene which is induced by dexamethasone after transfection”. 
Preliminary results indicate that this sequence functions as a 
receptor binding site (D, Moore, personal communication). 

A weaker binding of the receptor to DNA is observed when 







































the hexanucleotide s'-TGTACT -3' occurs isolated from the rest 
of the consensus sequence, as for instance between -70 and -100 
~~ in MMTV-LTR or at -324 in the antisense strand of hMT-II, 
’ (Figs 4a and Sa). Since, however, this region of the hMT-IT, 
gene can be deleted without influencing the extent of hormonal 
induction, it seems that at least in this case binding of the 
-receptor to the hexanucleotide is not functionally relevant. 
-Also we note that binding of receptor to the hexanucleotide 
-results in a protected region covering only 12 bp, while binding 


ref, 19), It is likely that a dimer of the receptor is involved in 
„generating a biological response. Methylation protection experi- 
ments suggest that at least two G residues located at -249 and 
-258 participate in the interaction of the receptor with its binding 
ite. Since these residues are separated by 9 bp they should be 
“located on the same side of the DNA helix. In addition, DMS 
methylation is selective for the N-7 position of G residues 
located in the DNA major groove’°. Thus, our results suggest 
hat the receptor contacts at least one face of the DNA helix 
believe that a third control element is located between 
ides -90 and -70, since 5' and 3’ deletion mutants lacking 
region exhibit reduced basal level of expression. A require- 
or certain upstream nucleotide sequences, not directly 

I metal induction, but which are important for 














“to the complete consensus sequence protects 24 bp (Fig. Sa and 


maintenance of basal level of expression was seen by Palmiter 
and Hamer and co-workers (ref. 27. P. Searle; A. Carter and 
D. Hamer, personal communications) studying the mMT-I gene 
by various transient expression assays. 

Interestingly, the region between nucleotides -70 to -90 . 
contains a stretch of alternating purine~pyrimidine residues: 
GCGTGTGCA and a similar sequence is located 80-5py 
upstream: CGTGTGCA. Such sequences capable of forming a ` 
Z-DNA structure have been found in a large number of tran- 
scriptional enhancer sequences from a variety of DNA and RNA - 
tumour viruses*®. A functional role for these elements is strongly 
suggested by the analysis of the transcriptional activity of the 
deletion mutants. While deletion of the upstream segment does 
not have a significant effect on the basal level of gene expression, 
deletion of both elements dramatically reduces the basal activity. 
of the hMT-I, promoter. 

The overall organization of the hMT-II, gene regulatory 
region resembles that of several other eukaryotic genes*””**. In 
addition to the TATA box region, a functional element common 
to most eukaryotic genes*’, those genes were found to have at 
least two other functional elements. One of them is usually 
located near the TATA box region, and the other located further. 
upstream is in the -90 region. In addition, further upstream 
elements required for efficient transcription have been described 
for the sea urchin H2A gene*® and the simian virus 40 early. 
region? tY, : : Si 

As several inducible higher eukaryotic genes have now H 
analysed by in vitro mutagenesis and gene transfer, some 
clusions concerning control of transcription can be drawn. Fiat; 
unlike prokaryotic promoters, the eukaryotic promoter is exten 
ded over a large region composed of different functional ele- 
ments (270 bp in the case of the hMT-II, gene). Second, the- 
comparison of functionally related control elements reveals the 
conservation of nucleotide sequences among such elements (refs. 
38-40 and this study). The conservation of nucleotide sequences — 
among functionally related regulatory elements suggests that — 
those elements serve as binding sites for various regulatory — 
proteins. The identity of most regulatory proteins involved in . 
the various induction phenomena mentioned above, is not 
known yet. However, our current study and recent work on 
MMTV-LTR??!-?? have established that one such protein, ti 
glucocorticoid receptor, interacts directly with regulatory si 
important for the biological response. | E 

How is this interaction translated into increased transcription - 
(or repression in some cases)? The exact molecular details are. 
not clear yet, but recent work on the regulatory elements 
hMT-II, gene’, the MMTV-LTR (refs 21-23) and of. 
Hsp70 heat shock gene*”*° indicates that those element 
activate heterologous promoters when placed at various 
ances upstream. , 


























i. This, feature. bears. some: resembla 















latory elements, the \ 
al E |e ible that the v d 
lator’ elements, described, can serve as regulated RNA poly- 
merase entry sites. Another possibility, which we favour, is that 
the interaction of regulatory proteins with the DNA at u pstream 
tes leads to a change in the conformation of the double helix, 


a signal that can be transmitted over some distance, and lead 
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non-magnetic cataclysmic variables 
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~ Many (~50) cataclysmic variables, binary systems in which a 
white dwarf accretes from a close companion star, are now 
known to be hard (=2 keV) and variable X-ray sources', While 

-some of these (~ 15) exhibit regular pulsing in X rays, suggesting 

that they have magnetic fields strong enough to channel the 

-accretion flow onto restricted parts of the white dwarf surface 
(the AM Her and ‘intermediate polar’ systems), the majority . 
dp not, and hence presumably have rather weaker fields (B= 

\G). SS Cygni, the brightest object of this ‘non-magnetic’ 

AN, exhibits a combination of systematic features in its X-ray 

. and optical emission which existing models are only partially . 

“successful in reproducing. We suggest here that at sufficiently 

- low accretion rates a thermal instability in the accretion flow - 

_ leads to the formation of a hard X-ray-emitting corona around — 

` the white dwarf; the corona is relatively suppressed at higher | 



















the observed correlation between X-ray temperature and lumin- 


_ because of transport processes. These can give rise to soft X-ray 
emission from most of the white dwarf surface, with a corre- 
_ Spondingly low effective temperature. 
_. Any theoretical model for the hard X-ray emission from these 
“Systems must explain three key observational facts: (1) SS Cygni 
ix a bright and very variable hard X-ray source in quiescence 
it is, low accretion rates M), but the hard X rays are severely 
educed during optical outbursts? (increased accretion rates) 
While the soft X rays brighten'?. (2) The drop in hard X-ray 
tensity of SS Cygni is not accompanied by an increase in 
insic (for example, photoelectric) absorption’. (3) Hard X- 
spectra of SS Cygni are thermal, with bremsstrahlung tem- 
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perature kT<20keV!: these are strongly correlated (J. H. 
Swank, cited in ref. 1 and M. J. Ricketts and A. Bennetts, 
personal communication). with X-ray luminosity L,, T and Loess 
rising and falling together. 


is the boundary layer where the inner edge of the accretion disk | 
interacts with the white dwarf. If this has mass and radius M, 
Ry, the keplerian kinetic energy which must be lost by the 
boundary-layer material before accreting to the white dwarf _ 
(assumed to be rotating below break-up velocity) provides a 
luminosity GMM/2R,. Existing models*® of hard X-ray pro- - 
duction invoke optically thin emission from the boundary layer; - 
if the boundary layer is optically thick, soft X rays at an effective | 
temperature kT ~ 5-10 eV result®. Refs 4, 5 both explain fact 
(1) above in terms of increased absorption, and hence fall foul 
of fact (2). While Tylenda’s model gives no natural explanation 
for fact (3), we shall show that this is likely to follow for any © 
model in which the X-ray-emitting gas can expand to forma 
corona around the white dwarf before cooling. This is the case ` 
in Pringle and Savonije’s model* for low M. 3 : 


of radial extent b < R, orbiting the white dwarf with azimuthal 
velocity ve~ t, =(GM/R,)” l I 
_ boundary layer). Because of its high rate (~ v,/ b).of shear, we 
expect the boundary-layer gas to be very turbulent; this tur- 
bulence will both decelerate and heat the orbiting gas. We writ 
i logighb) 23 B 


osity, and that hard X-ray production may be rather inefficient 


<- accretion rates. We show that the cooling of such a corona gives _ 


(a/t) = 0.5. Gas elements characterized by initial points lyin, 
















03222-01). 








23. Majors, J. & Varmus, H. Proc, namn Acad. 
24, DeNoto, F. M., Moore, D. D. & Goodman 
25. Robinss, D. M., Paek, L, Seeburg, P HO & 
26. Siebenlist, U., Simpson, R. & Gilbert, W Cen 2 
27. Brinster, R. L. et al, Nature 269, 39-42 (1982) E 
28. Nordheim, A. & Rich, A. Nature 303, 674-679 {1983} 
29. McKnight, 8. L. & Kingsbury,.R. Science 217, 346-324. . 
30. Dierks, P. et al. Cell 32, 695-706 (1983). ae 
31. Grosveld, G, C., de Boer, E., Shewmaker, C. K. & Flavell, R. A. Nature 298, 1 
{}982}, : l l OE 
32. Benoist, C. & Chambon, P. Nature 290, 304-310 (1981), e ae 
33. Everett, R. D., Baty, D, & Chambon, P. Nucleic. Acids Res. 11, 2447-2464 (1983). 
34, Fromm, M. & Berg, Po J. molec. appl, Genet. 1, 437-481 (1992), ek ee 
35. Goldberg, ID thesis, Stanford Univ. (1980), ae re 
36. Grossched], R. & Birnstiel, M. L. Proc. natn. Acad. Sci LA S.A. 17, 1432-1438 (1980). 
37. Gruss, P., Dhar, R. & Khoury, G. Proc. natn. Acad. Sci. U.S.A, 78, 943-947 (1981) 
38. Ragg, H. & Weissmann, C. Nature 303, 439-442 (1983). a eats 
39. Pelham, H. R, By Cell 30, 517-528 (1982). 
40. Pelham, H. R. B. & Biennz, M. EMBO J. 1, 1473-1477 (1982), SE 
4i. Banerji, J,, Rusconi, S. & Shafiner, W, Cell 27, 299-308 {1981}. BO og 
42. Davison, B. L., Lely, JM), Mulvihill, E. R. & Chambon, P. Nature 301, 680-686 (1983): 
43. Vieira, J. & Messing, J. Gene 19, 259-268 ( 1982). era 
44. Maxam, A, & Gilbert, W: Meth. Enzym. 68, 499-559 (1980), 


































































The only plausible energy reservoir for hard X-ray production | 


We consider an optically thin element of boundary-layer gas 4 


(by definition <v, in the- 





| tod <theat<texp 


t; © — nee A ~B . 







we me - a _ 


Fig. 1 Heating plane for the case M = M o R=5 108 cm, a= 


in the hatched region heat up to X-ray tem peratures. 








th p the density and v a kinematic eddy viscosity. As usual, 
we can parametrize v as 


p=ac,b (2) 


where c, is the local sound speed and a a dimensionless para- 
meter, of order unity, for sonic turbulence. If no other processes 
operated, the gas would heat up on a time scale 


| thea = 3pc /T (3) 
However, the gas may expand on a time scale 
lep = b/ Cs (4) 
“and cool radiatively on a time scale 
taa = 3pes/p°A (5) 


where p2A(T) (ergs™?cm™) is the volume loss rate. From 
ae equations (1)~(4) we find 









? 
heat me 3 Cy 


(6) 


fep AV 
i Using c? = ykT/ umy this shows that adiabatic expansion pre- 
vents the gas being heated above the ‘virial’ temperature 
| Lo? auMytal3 yk (7) 
For a~l, T, is, of course, of the order of the temperature 
T. (~10°K) achieved by strongly shocking the azimuthal 
velocity v. From equations (1)~(5) we find similarly 
frad aC V 
OTAU i ean: 8 
heat pba ' ) 


and 
ki 
bead om 3c; 


areas 9 
texp PBA ) 


_ Since c and A are functions of T only, the ratios (6), (8) and 


(9) depend only on the variables T and pb, and we may plot a 

‘heating plane’ (Fig. 1). Here we have used A(T) approximated 
as a pair of power laws in T, from Fig. 3 of Buff and McCray’, 
as appropriate for the highly ionized boundary-layer gas. 

Let us consider the fate of an element of boundary-layer gas 
< using Fig. 1. We expect the element to start from a temperature 
cofa 10° K as this is the temperature of nearby optically thick 
matter in the disk, boundary layer and white dwarf envelope. 
If pb is sufficiently low, the element will correspond initially to 
a point such as A inside the hatched region. Here treu © frad © 
- fexp» 50 the element heats up and moves to the right in the figure, 
until it crosses the line tag ™ texp given by equation (9). In this 
region fhear lexp © brad» SO the element continues to heat up, 


- but now tries to expand rather than radiate. Finally it reaches 
the vertical line T = T, on which tear = exp [equation (7)]. Here ~ 


further heating becomes ineffective and the element expands 


with T= T,. Gas at such temperatures has a ‘vertical’ or ‘disk’ 
scale height ~(c,/7,)R,~0.6R,, so it cannot be confined to 


the disk plane and must form an X-ray-emitting corona around - 


‘the whole white dwarf, of radial scale height H, ~ (c,/ 0)’ Ry = 
-0.3R,,. We shall investigate the cooling of such a corona below. 
“For elements with larger initial values of pb, such as that rep- 
„resented by point B in Fig. 1, trag © feat < fexp: and the gas can 
_cool radiatively as fast as it is heated. Such elements collapse 
` onto the white dwarf surface without ever reaching hard X-ray 
es. a 

difficult to see here a potential explanation of the 

‘eatures (1)-and (2) above: at low accretion rates, 

undary-layer gas is presumably characterized by 

pb and must therefore feed a hard X-ray corona. 


extra n ass of gas in the boundary layer will at 
icrease in X-ray intensity, but eventually more 


"gets high enough, ve y litt 


a ‘cooling plane’ (Fig. 2) (note that the variables here at 


For low enough initial densities p (<5* 107° g cm” in Fig. 2), 


so that T decreases, while p and H,, which vary on time sca 









and hard X-ray emission will be suppressed. Note that this also 

agrees with point (2) above, in that no absorption is required 

to blot out hard X rays; they are simply not produced in great 

quantity for high accretion rates. Note also that any weak sho 

in the boundary layer which heat the gas above 10° Kowi 

increase the likelihood of its initial position lying in the hatche 

region of the heating plane. Also, the weakly-bound cor 

gas offers a convenient site from which to blow away a win 

as sometimes observed in cataclysmic variables (see, fo 

example, ref. 1). ct | eg 1a 
Let us consider now the X-ray coronal gas. For this, two = 

relevant time scales are the radiative cooling time faq tO 

bremsstrahlung X-ray emission and the hydrodynamic time 

tig = H,/ C= Ry vk. In the analogous case of the solar corona. 

a further important time scale is that of conductive cooling (fo 

example, ref. 8) 









cond 2K_T ee 
where ky = 10° (CGS units). Clearly, conduction can only be 
important in non-steady-state situations: in a steady state there- 
will be a temperature minimum. between the corona and the 
white dwarf photosphere, across which nothing can be transpor- 
ted by diffusive thermal conduction”. (This does not apply t 
eriergy transport by high-velocity shock-heated electrons: refs 
9--1 1 show how ‘accretion column’ solutions can be constructed `> 
using this process.) Our white dwarf corona, like that of the. 
Sun, will be highly unsteady, and can be thought ofasasuperpo- 
sition of flares; this agrees with the observed strong variability. 
of hard X rays from, for example, SS Cygni. The main uncer- 
tainty as to whether conduction is important arises because we moe 
do not know the surface magnetic field configuration of the Ee 
white dwarf. Although the field is assumed to be dynamically 
unimportant for the accretion flow, it may still be capable of 
suppressing transport processes, especially conduction, across 
fieldlines. In the Sun this means that conduction acts one- 
dimensionally along coronal loops, and only heats the ends of 
these loops. The same could be true in our case, or it is conceiv- 
able that the field somehow prevents conduction from working 
effectively at all. We shall consider both possibilities in what 
follows; our explanation of point (3) is the same in either case, 
but conduction can have a marked effect on the total X-ray 
luminosity, as we shall see. 

We construct the ratios fraa/ fnyas taal fecond» tnya/ teona and Plo 





























and p, rather than T and (pb) as for the heating plane, Fi 


We expect coronal gas elements to start with temperatures < 74 


the gas elements start at points like A. Here toond < nya © trade. 


~tnya are left unchanged. The gas element therefore cools t 


point B by conduction with L% H, p°T™? ~ T™*: the line 
L,(max) = 47R?H,p"A on Fig. 2 show that this is likely t 
reduce very sharply the luminosity available to be radiated as 
hard X rays. (The heat conducted into the white dwarf will _ 


mostly be radiated from its surface as black-body-like radiation “a 
of effective temperature ~10° K, see below.) At points to the ~ 
left of B we have tyya< leona © fraa: here the density and scale- _ 
height have time to respond to the loss of energy by conducti 
This is the regime investigated extensively in the study of sola 
flares®. The ‘thermal overload’ due to the conductive heatin We 
likely to lead to evaporation of matter at the base of the corona: _ 
the result is that as T decreases further pe 
p increases somewhat. Thus Lx Hip T 
from~} to +3. Finally, the tempe 

tnya © frad © bonds and we have 
tively. Hence H, continues to 
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= 9 logT 


| < 2 Cooling plane for the case. M =A ló, R= 5x 10% cm. Low- — 
ensity coronal gas follows tracks liké A-B-C 








log L,. 


ind the density behaviour, we note that the hydrostatic and 
nergy equations are | 


_ With g = GM/Rj, P the gas pressure and z the vertical coordin- 
WE Thus 






2 4 
Post OF 2 8 (p?A)<0 
at gatdz 3g az 
since p must decrease with z, while T is effectively constant 
_ with z. This situation will persist, with faster cooling at the base 
of the corona causing matter to condense there and reducing p 
‘in the X-ray-emitting corona above. Thus, low-density coronal 
gas will pass successively through a conductive cooling phase 
o with Lœ T'’*, a ‘solar flare’ phase, with Lœ T”, 3s y<d 
and a hydrostatic cooling phase, with Lœ T3/2+2e The last 
_ phase is the longest, and is also much longer than the heating 
_ phase. Therefore, with on average a roughly constant mass in 
the corona, most observed X-ray emission will come from gas 
in this phase. Thus, observationally we expect Doe [rere 
€ >Q, in agreement with fact (3) above. The actual value of the 
temperature exponent, 3+2e, and the range of T and Ly is 


encouragingly close to what is seen for SS Cygni (M. J. Ricketts — 
and A. Bennetts, personal communication). If conduction is ` 
Micctive, this low-density gas would spend all its time in 
"Tens like C-D, with L,oc T*/?*2¢, Effective conduction may 
_ be desirable, however, as it offers an explanation of the rather 
_ low (10°°-10 erg s™?) hard X-ray luminosities (see Fig. 2)and 
-the fact that a soft X-ray component is unobservable in most -~ 
` sources. This follows, since if much of the boundary-layer energy ao 
< release is stored in the corona and then transported by conduc- > 
' Tuminosity in 
arf surface, < 














-tion into the white dwarf, the area emitting this 
< black-body form is a large fraction of the white dwarf : > 
father than an area comparable with that covered by the boun- 








„is too soft for detection with existing satellites (kT, ~3 eV) 
except for some bright (or outbursting) systems. | 
“= The lack of a detailed model of the boundary-layer flow means 


. that we cannot predict how much of the coronal gas will be at 









-B~C-D, spending most < 
of its time in region C-D, where L oc T2426, Also shown are = o 


ims k ore Received 10 November 1983: accepted | February 1984. 
lines L, =constant (broken, for clarity), labelled by the value of | | ane 


ZK-4 and TMA-sodalite, and by Grim ; 
zunyite provide further support for this hypothesis. The lin 
(8 = 180°) Si-O-Si linkage in zunyite, causes the 2°Si reson 
‘to occur at the unusually negative value of ~128.5 ppm. 




















such densities would suppress the heating instabili 
rise to the X rays in the first place. Expressing the 
in the corona in two ways (ref. 4) we find p~ 10 
cm * for typical parameters, with M, = M/10'° gs” 
retical priority must be the construction of a mod 
boundary-layer flow. Since, however, the accretion proc 
clearly very time-dependent, and definitely not in a stead 
this is no simple task. ae 
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groups at the University of Bonn and MPI, Munich, for 
cussion at an early stage of this work. =. 
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A simple correlation between isotropic — 
”Si-NMR chemical shifts and n 
T-O-T angles in zeolite frameworks 
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Si- high-resolution solid-state nuclear magnetic resonance _ 
(NMR) spectrometry with magic-angle spinning (MASNMR) = 
has proved to be a valuable tool for the quantitative identifica- 
tion of local Si(O-AD), (Q-Si),_,, environments of silicon in 
zeolitic frameworks’ * where n = 0,1, 2, 3 or 4. In addition, in 
certain cases, notably silicalite* and several highly siliceous _ 
(dealuminated) zeolites“, crystallographically non-equivalent 
Si(O-Si), sites have also been distinguished. The accumulated 


number of zeolites have enabled us to derive 









lary layer. The resulting effective temperature T,~3x10°K = 
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on. ge i De aage? 8 
P _Material* Si(4Al) o SI3AD SIZAL Si TAD. SAN Pioa | (deg) || Refs 
Li-ABW (1.0) — — 80.0 — — nn — 435.0 . $ Eo 
LA (O) 0 85.00 ees 2n ea me n 410 EO 
ZK-4 (i. 14)7 ee BOY i —93.9 _ e mee 148.0.. a C i . 
< ZK-A{ii $9.1 93,9 -99,5 —106.1 — . 148.0 oes aOR 14 : 
~88.4 93.3 ~99.3 ~105.2 “HO. «= 148.00 
-83.9 -88.1 — a a 130.2000 15, [16] 
— = 89.6 ~95.0 ~100.4 1058 9 144.8 05, [17] 
87.200 = — wea 1423 0 o Sy 
— 94.7 -97.1 -1077 — 143g i 
d azite (2. — -940 -99.4 -104.8 1100 1454. 
G o Se ecite (1; 5) Á —86.3 — amem ~ 1383 
A ~89.1 = m — 1393 0 0 De 
ee ae = o 7958 w 2 we IA 23, [24] oi 
j Natrol (1:5) =n —R7.7 oa as —_— py CS 
Os —- -= -95.4 — O 1z on e oh l25] 
a ‘Laumontite (2. 0) | — = 792.4 ee OR ee o 138.0.. > 23,[26] 

= Analcime (2.0) —- -92.0 963 © -1013 o =. dase 2 ia] 

a at S 

a ee ae : g OOS KS An (7 5 - se 
““Cristobalite ~~~ ne a | Da 2 — 108.5 146.4 : 10 
Quartz ae | ~ _ — -107E -1436 10 
= Tridimite — ini — e -111.0 150.0 10 

- Silicalite = ik ab as ~109.2 150.7 5, {28] 

. 116.3 160.6 
TMA-sodalite — — —— —— —116.2.. «157.8 8, [29] 
Omega (mazzite) — — oo — =106.0 140.8 6, [30] 

~ti -159 
Offretite — me o — Ti r E E y 
— {15,2 154.3 
Mordenite — sewers ice eee 5] 12.2 150.4 6, f31] 
IIZ E 452.3 
~115.0 156.0. 6, [32] 





* The Si/ Al ratio is given in brackets for aluminosilicates. Materials 16-19 are polymorphs of silica, and 22-24 chemically treated (dealuminated) 
>i geolites. 

+ Itis assumed that. the mean Si-O-T angle is invariant with increasing Si/ Al ratio. 

$ The single Si(OAI) signal. measured’? at -107.4 p.p.m. in dealuminated zeolite Y is also in good agreement™ with the predicted @ = 143.5°. 

~ § Only. well resolved peaks of significant intensity are tabulated. When more than one type of crystallographic site is present, assignment of 
: resonances is often possible when @ and population factors are taken into account. ae 
{| The mean angle for each type of non-equivalent crystallographic site. 

| Key references to NMR data {without brackets) and crystal structure. Jaraman (in square DAKOS): 

R. H. Jarman, J. M. Newsam and A. J. Jacobson, unpublished data. 

















‘tetramethylsilane (TMS). Smith and Blackwell’? recently repor- 6 is the T-O-T angle, t the Si---Si- distance is 3.24 sin (8 
ted good quantitative correlations between chemical shifts and and the Si---Al distance 3. 37 sin (6/2) A. The latter \ 
“Si-Si distances as well as the mean secant of the Si-O-Si angle Obtained by treating the Si-O-Al triangle as isosceles wi 
_ for several polymorphs of silica. We prefer the former of the uniform T-O distance of 1.685 Å, that is, the average. 
+ twocorrelations since it is capable of i incorporating the difference _ Si-O and Al-O bond lengths. The Si: --Al distance thus 
between Si-O and Al-O bond lengths, essential to characterize agrees to four significant figures. with the value calcul: 
all five types of Si(nAl) environments. ‘The magnitudes of the rigorously by applying the cosine earings The sum tota of 
Si chemical shifts and of the Si-O-T angles have a common four Sie F bond lengths involving. the e 
origin: the electronic configuration of the linkage. Taking the Si nal) unit is therefore oes 
ccumulated data on *’Si chemical shifts in various silicates and _ 

iminosilicates as a starting point, we are now able tointroduce 
sinple semi-empirical relat ionship E ô and the average a 







S A for SKOAI “units, o Figure 1 eA wa that there. isan approxi- d 
- mately linear relationship and ee = of the da 
- yields Pa aa a 





for. As sree shifts | in 1 silica polymorphs 1 listed. doy Smith and 
Blackwell”. , 
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with. a. correlation factor: of 0 91 
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© Fig. 1 The isotropic 29Si-NMR chemical shift, 8 (in p.p.m. from 
: =- tetramethylsilane), plotted against ¥ dy; (in A), the calculated 
“> totalSi---T non-bonded distance for Si atoms in the five kinds of 
ae oe nAl) tetrahedral environments. Aluminosilicates corresponding 
: to the ‘various points can be identified by reference to Table 1. 


data are close to the theoretical lines, despite the empirical 
character of the expressions. 
os, Isotropic chemical shifts can be determined with an accuracy 
s than 1 p.p.m. while T-O-T angles are reported to about 
oS | On the other hand, the scatter of points in Fig. 1 is 
7 metimes greater than can be accounted for by these errors. 
~ Calculating Si---T distances from the average value of @ rather 
than from the separate Si-O-T angles 6,, 65, 6; and 6, is mainly 
responsible for the error, especially in cases where the individual 
values of @ are very different. However, in most cases there is 
no alternative, as we do not know which angles correspond to 
-T Si-O-Si and which to Si-O-Al linkages. Second, the variation 
_. in T-O distances, which we assume to be constant, also leads 
_ to some small error. Typically, dso = 1.62+0.01 A corre- 
-> sponds to an uncertainty in Ë dyr of +0.075 A. Note that even 
-a large uncertainty of 0.1 A in ¥ drr corresponds to an error 
‘of only 0.9° in @. 
<o The above assumptions were made in order to keep equation 
_- (2) as simple as possible and thus to maximize its predictive 
power. We submit that on the basis of our work the average 
value of the T-O-T angle for each kind of. silicon in an 


I of unknown structure (including amorphous | 


terials) can now be reliably estimated from 7°Si-MASNMR 

e. This will also facilitate the quantitative interpretation of 

OON an Spectra of zeolites with more than one crystallographic 
> tetrahedral site. 
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Determination of the Si-O-Si bond 


silica by magic angle spinning NMR | 
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A necessary condition for any proposed description of the __ 
structure of glass is that a model of the glass will reproduce the __ 
details of the pair correlation function which may be determined __ 
from elastic scattering experiments (X-ray, neutron or electron 


















(electronic or vibrational) may be deduced. The most exten- 
sively studied prototype glass is vitreous SiO}. It has long been — 
recognized that the SiO, tetrahedra are well preserved in the 
glass and that it is the interconnection of the tetrahedra which 
provides the clue to the lack of translational symmetry charac- 
teristic of the glassy state. The natural approach has been to 
build macroscopic models of the structure which satisfy the 
bond conductivity between atoms whilst preserving the regular 


scaled and tested against diffraction data and the macros Opi 
density. Here, magic angle spinning nuclear magnetic resonance 
(NMR) spectroscopy has been applied to glassy 30. n Th 


for the Si-O-Si bend an gle 












Many models of vitreous silica have been built’ Sand ma 
be characterized principally by the position and shape of th 
distribution of the first Si-Si distance and an analysis of th 
shortest ring statistics. These two parameters are not indepen 
dent but the Si-Si distribution corresponds to the third peak 
























tering whereas the ring statistics predominantly influence pea 
beyond the third in the r.d.f. All of the above models diff 
the peak position, width and asymmetry of the Si-Si distrib 


















Fig. 1. The measured *”Si line from glassy SiO). The x-axis scale. 
is relative to TMS. The resolution of the spectrometer was _ 
0.2 p.p.m. Also shown is the calculated line (-----)from the assume do 


distribution function shown with the same annotation in Fig. 2a. 









Many elastic scattering experiments have been performed ön 
itreous SiO} (refs 7-11), the most definitive being that of Mozzi 
nd Warren’. From their data these authors analysed the third 
peak of the r.d.f. to produce the Si-Si pair correlation function 
G(r) and hence from this the bond angle distribution function 
= V(a@) (a is the Si-O-Si angle). Mozzi and Warren” succeeded 
in deducing the third neighbour peak but were less successful 

for subsequent peaks. The peak in V(a) was found. to be at 
-144° but this did not compare well with the current models and 
< prompted a reappraisal of the original experimental data by Da 
"Silva et al” who claimed that V(a) peaked at 153°, more in 

-o accord with the model builders. (However, we believe that V(a) 
calculated in ref. 10 resulted from an incorrect transformation 
from G(r).) Thus, it is clear that while V(a) is highly model 

i sensitive; doubt exists over the exact form of V(a@) from diffrac- 
tion data. A recent EXAFS measurement of the local structure 
of silicate glasses claimed to have found a Si-O-Si bond. angle 































` of 160° with a static disorder in the bond angle of +207 (ref. 
` T2): It is in this context that we have applied the relatively new 
“technique of magic angle spinning NMR to determine Vla) 
directly. © = Ce The a8 ok ee Eo eE 





















-This technique removes the static dipolar broad: 
























mally present in solids, and in crystalline materials allows a ec a 
‘determination of the local structural order similar to that Fig, 2 a, Four-bond angle distributio 





obtained by high resolution NMR in liquids. It has recently been closely match the NMR data 
shown, for instance, that SiO, tetrahedra linked in different Mitra; — —, Mozzi and : 

ays have very different chemical shifts'*'*. Recently Smith functio nes the NM 
d Blackwell!® have shown that in different silica polymorphs 
ere isa linear correlation between the chemical shift 6 and 

secant of the Si-O-Si angle a, with a correlation 0.9981 
d a less good correlation between the shift and the Si-Si 
distance. Some theoretical support for the correlation between 
ift and sec a comes from the calculations of Newton and 
























‘first three distributions in a together with the expe 








ibbs'® who showed that the bond overlap populations vary 
yearly with seca over the range of at least 130°~180° in 
rious silicic acid molecules and in coesite, whilst the chemical 
shift is also expected to vary linearly with bond overlap’ ’. 
_ The magic angle spinning NMR data give the distribution — 
tact with diffraction studies, the bond angle distribu- 
rican be determined from the pair correlation 





































aie a bite Be? 0 | {ar 
IE gy of the network. Thus, the . 
) (that is, the Fourier transform l 






transformed into a distri 











ere FT{} denotes Fourier transform and B,_,, are the secants 
the bond angles a@,.., at the four corners of the tetrahedron. 
-o “Using the convolution theorem of Fourier transforms, this is 
¿== equivalent to convolving four X() distributions and rescaling 
¿o the independent variable by a factor of four. It is well known 

that arbitrary distributions when convolved. rapidly evolve into 
gaussian functions, so such self convolution. will produce a loss 






mean and variance of the distribution are -preserved and after 
three convolutions asymmetry in the NMR line-shape is still 
visible. 

The NMR spectrum was. obtained on a Bruker CXP-300 


Le spectrometer operating at 59.6 MHz for the *”Si resonance. The 


Spinning rate was ~3.5 kHz. Owing to the relatively long relaxa- 
tion time of the Si resonance, a 10-s delay between pulses was 
used together with a 7/8 pulse. The sample was Heraeus silica 
~ coarsely crushed intoa powder, and the spectrum obtained after 
2,118 pulses is shown in Fig. 1. Note that the line-shape is 
-< anisotropic, with a steeper fall on the large shift side arising 
from the bond angle distribution. Figure 2a shows the bond 
\ angle distribution deduced by Mozzi and Warren’ together with 
: istribution obtained in a recent molecular dynamics calcula- 
' 1 for SiO, (ref. 6) and by the theoretical model which gives 
Closest agreement with the experimental NMR line-shape’. 
_ Figure 2b shows the NMR line-shape calculated from each of 
_-. these V(q@) values. It is clear that the calculated line-shape and 
¿position are sensitive to the details of the V(a@) used. The 
theoretical distribution which predicts an NMR line closest to 
experiment is the ‘relaxed’ model of Evans and Teter*. However, 
© even though this predicts approximately the correct position for 
the centre of the line, the shape deviates markedly from that 
< observed. In particular the small shift side of the line is enhanced 
‘and the large shift side drops more rapidly than experiment. 
= We believe this is because the Evans and Teter model has too 
= large a V(a@) for small bond angles (<120°) and too small a 
=S V(a) for large bond angles (> 160°). A V(a@) which gives 
excellent agreement with experiment is shown in Fig. 2a and 
the: fit obtained in Fig. 1. This has a very broad distribution of 
angles with roughly constant. probability over 140-155° and a 
full width at half maximum larger than predicted by the various 











he SCF-MO calculations of Newton and. Gibbs'® find an 
equilibrium bond angle of ~140° with a shallow minimum which 
© rises more steeply in the low a region. Our V(a) is slightly 
© skewed, with the steep side of the distribution on the low a side 
< “consistent with this calculation. 
> Despite the continued interest in model building it is clear 
“that all models are still some way from good agreement with 
: experiment. This study should provide the impetus for a quanti- 
















ermine the structure uniquely, give an exacting 
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of sensitivity to the original distribution: Vv( a): : nevertheless, the 


terminations (Fig. La). Overgrowths of this type are persistently - 


pellicle round the grain by bridging — pores m : 


| - inhomogeneities. 
mparison of models because our data, although | | B 


_ spired overgrowths where the initial fringe has failed to unde go 


i begin with patchily distributed contouring or irregular growths 
ain ev-axial directions: spires are extremely rare. and never gr w 
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crystal growth during diagenesis 
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Some of the largest crystals found as pore-filling cements in” 
ancient limestones are those which develop as single-crystal ae 
(syntaxial) overgrowths on crinoid grains. Although originally: 
porous and polycrystalline’, such grains normally behave as 


monocrystalline’ substrates. during diagenesis, facilitating the __ 


relatively rapid growth of optically contiguous calcite haloes. 
The crystal form and growth morphology of pore-fill cements —__ 


can yield important information about the diagenetic environs 


ment’, but growth features cannot easily be detected with the 
light microscope. Chemical. stains have been used to Study fae 
internal growth zonation?’ but cathodoluminescence® has _ 
proved a more satisfactory technique™’ and our own studies of 
calcite have revealed a variety of novel growth phenomena. We 
distinguish four styles of syntaxial overgrowth, the morphologies 

of which appear to depend on three main factors: grain surface 
conditions, surrounding pore conditions and the nature of the 
diagenetic environment. 

In a fresh state the solid framework (stereom system) of © 
crinoid and other echinoderm grains consists of high-Mg cab 
cite’*. This mineral phase rarely survives unchanged during 
diagenesis? and syntaxial overgrowths apparently always con= ° 
sist of low-Mg calcite’"''. Evamy and Shearman** established) 
that crinoid syntaxial overgrowths develop fastest in c-axial 
directions starting with the seeding of numerous small discrete 
crystal spires on the host grain. Through enlargement. with 
growth these progressively coalesce to produce fewer and larger © 





















euhedral and we have termed them ‘spired overgrowths’ (Figs 
la,2a), but in many rocks this style is rare-or absent. Figure 
2a shows an example from a Carboniferous limestone turbid 

originally deposited in a ‘marine basinal setting: The spires ma 
well be seeded on the outwardly directed pore walls of 
grain and they evidently create a: -erystallographically. 


“Needle overgrowths’ (Figs Lb, 26) are a rare specia k 


amalgamation with growth, and instead the individual spires 
have perpetuated themselves as discrete parallel needles. The 
intergranular areas of this rock contain much non-carbonate 
mud entrapped between cement crystals and separating the 
needles of the overgrowth (Fig. 26). It was evidently the entrain- 
ment of this mud that inhibited coalescence leading to. the 
perpetuation of the acicular form. r: 

Despite the persuasive theoretical basis? for assuming that 
overgrowth development starts with a spired stage, there are 
many crinoidal limestones in which early spired overgrowths 
are not characteristic. ‘Contouring overgrowths’ (Figs 1c, 2¢) 





a 
a a 








mimi gr Nate ean e: 


danaswenteatnassia cones netinnrnmettes ann MAT 


Tamaanin enn SABRE 


f for Sek i 
a i 
| He 
; | 


eprint 


Errea seers 
Dantan pa Lararen 
Beever werserah>icobestestreree st 


IEPER EE ENEE T 





Fig. 1 Schematic representation of four distinct syntaxial over- 

growth styles on echinoderm grain substrates. a, Spired over- 

growth; b, needle overgrowth; c, contouring overgrowth; d, 

idiomorphic overgrowth. All patterns represent growth in the 
c-axial direction. 


beyond an incipient stage. Subsequent development perpetuates 
this subdued morphology, and growth surfaces are commonly 
curved or fretted (Fig. 2c), Examples have been illustrated by 
Freeman®, Meyers”!? and Walkden and Berry’, and in each 
case a shallow meteoric diagenetic environment has been 
deduced on the basis of several criteria. Our example (Fig. 2c) 
comes from a former cyclic shallow marine carbonate platform 
setting in northern England. Euhedral patterns seldom appear 
until late and growth zonation commonly reveals former growth 
surfaces which, because of irregularity or geometric relation- 
ships, could not correspond to true crystal faces. These unusual 
growth forms are discussed separately. 

‘Idiomorphic overgrowths’ (Figs 1d, 2d) display zones that 
reflect the very early establishment of perfect or near-perfect 
crystal faces. Spires are again never developed, and growth of 
faces is by regular parallel increments. This style is uncommon 
in our experience and may reflect unusual circumstances: our 
example (Fig. 1d) comes from a late Triassic deposit made 
largely of crinoid debris derived from the weathering of nearby 
outcrops of older limestone. These grains had already undergone 
a cycle of burial and cementation before deposition, and their 
pore systems were still filled with an original Carboniferous 
cement when renewed cementation took place. 




















xample were initially cemented in a comparatively stable 
tic environment not far removed from the original 
basinal depositional setting. By contrast, the evidently 
nted morphology of the contouring overgrowths (Figs 1c, 2c) 
ies inhibiting factors, and fretted growth zones, interpreted 
issolution effects within a meteoric diagenetic environ- 
ent”?, demonstrate one possible spire-inhibiting factor. 
other may have been surface tension effects within the vadose 

©. Surface homogenization was probably achieved instead 
roug ent growth within the pore systems. Like the spired 












-overgrowths (Figs 1d, 2d) also reflect 
ions, but in this style early spire growth — 







Fig. 2 Photomicrographs of the syntaxial overgrowth styles 


shown in Fig, 1. E, Echinoderm grains. Scale bar, 0.2 mm. a, Spired 
overgrowth in Lower Carboniferous limestone turbidite, Craven . 
Basin, northern England. Spire amalgamation at a semi-matu : 
stage (cathodoluminescence). b, Needle overgrowth in Devoni 
limestone, New York State, USA. Needle-like spire growths 5, ° 
separated by trails of mud inclusions (M) (plane light). c; Contows +" 
ing overgrowth in Lower Carboniferous. limestone, Derbyshire, 
England. Bright cements overlie erosional hiatuses, Late stages 
show unusual non-facial planar growth surfaces. (P) (catho- 
doluminescence). d, Idiomorphic. overgrowth on Carboniferous 
echinoderm grain in Triassic cemented limestone, Cotswolds, 
England. Well-organized parallel growth of faces (cathodolumines- 
cence). 










could have been unnecessary because the original pore system 
was already homogenized by an earlier cement. Needle over- 
growths (Figs 15,25) are a special case of spired overgrowth 
where amalgamation was prevented by entrainment of 
impurities. They reflect growth by displacement or replacement 
into impure interstitial carbonate mud. eN 
Cathodoluminescence of diagenetic calcites has revealed a 
number of unusual growth phenomena which may provide new, 
information on the ways in which crystals grow in diagenetic — 
conditions. ‘Sector zoning’? may account for regularly shaped : 
patches of distinct luminescence affecting one specific face or a 
particular sector of a crystal (Fig. 3b). More rarely we have 
noted concentrations of abnormal luminescence colour such as 
blue or green within normally orange calcite. We interpret these 
effects as the result of differential uptake of luminescence 
activator ions at specific sites determined by the sector-zoning 
phenomenon'’, and the effect is common where growth has — 
been rapid such as in areas of repair. Too much uptake of 
impurity ions may disrupt crystal growth altogether and may — 
account for areas of confused and chaotic growth (Fig. 26). => 
‘Pseudofaces’ are a new phenomenon recognized where suc- 


cessive planar growth zones, normally interpretable as prograd- — 


ing face growth, have undergone a progressive change in attitude- 
(Figs 1c, 2c, 3a). They are particularly common in the late stay 

of contouring overgrowths. Such hinging growth planes coul 
never be assigned an integrated set of workable Miller indices ` 
and their relationships seem to conflict with a basic law of 

crystallography whereby faces should grow through the addition. 
of parallel increments. These must therefore represent some 
sort of non-facial growth surface and they are termed — 


pseudofaces. | eT aoe 
‘Despite this lack of crystallographic credibility, however, — 


groups of pse 















r to have evolved synchrono 























~ Fig. 3 Overgrowths of the 
_ contouring type on 
echinoderm grains (E) from 
' Lower Carboniferous 
umestone of Derbyshire, 
. England (cathodolumines- 
<- : cence). Scale bar, 0.2 mm. 
> a, Overgrowth showing sol- 
ṣo ution hiatuses (S) and 
~~. pseudofaces (P). Pseudo- 
> -faces show a progres- 
<o Sive change in attitude. 
The outermost etched sur- 
=== face displays localized rapid 
repair (R). b, Early and 
: middle stages of overgrowth 
show irregular. (1) and 
> pseudoface (P) develop- 
-ment and later Stages dis- 
play form changes (C) with 
normal parallel face 
development. Sector zoning 

is visible at Z. 










re 2c represents a section through a calcite crystal cut 
obliquely through its c-axis so that all three rhombohedral planes 
_ comprising one termination are intersected. Growth zones are 
confluent across these but only two planes show any progressive 
angular change; growth zones on the third are perfectly parallel. 
: This relationship demonstrates that angular change only in- 
volved intercepts on the c-axis, and that the rhombohedron was 
becoming more acute. The opposite termination evolved in an 
identical manner (Fig. 2c), and it can be concluded that, like 
true crystal faces, pseudofaces can comprise a symmetry-related 
-group evolving in a coordinated manner. 
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= Fig. 4 Evolution of crystal faces from an originally irregular 
crystal substrate (I) by the intermediate development of planar 
pseudofaces. This schematic diagram shows how small indepen- 
ently growing facets (f), on a more reduced scale than shown, 
could define the positions of a series of planar non-facial growth 
- surfaces or pseudofaces (P). In this simplified situation the growth 
Of facets on any one pseudoface is unidirectional and the rate of 
rowth progressively increases towards the apex, as represented 
by the length of the arrows. Such growth would produce a success- 
change in the attitude of each pseudoface until a crystal face 
position is encountered where normal parallel progradation may 
oo take over (F). 

































__Pseudofaces thus appear to be an unconvent 
achieving a change in crystal habit through. th 
many intermediate stages rather than by the norn 
involving the overdevelopment or underdevelo ment 
faces of one crystal form relative to another (Fig. 3 
3a pseudoface evolution seems to have started earl 
appearance of an obtuse rhombohedral form and by the 
growth this has evolved progressively into an acute rhc 
hedron. By contrast, in Fig. 3b there has been. oscillato 
development between two competing forms but the change: 
have been achieved mostly through normal parallel. 
development. ae 

To account for the apparently non-crystallographic but. 
nevertheless organized development of pseudofaces, we suggest 
that they might be constructed of many submicroscopic facets 
which do correspond to actual crystal faces (f in Fig. 4). These 
facets would necessarily be arranged in a regular stepped pat- 
tern, the precise step spacing determining the orientation of the 
pseudoface (Fig. 4, P). Progressive angular change of such a 
pseudoface could then be achieved by a regular increase in 
growth rate of facets towards the position of the c-axis (Fig. 4, 
Pi, Pii). The implicit crystallographic control over positioning 
and rate of growth of the facets might also be responsible for 
ensuring that groups of pseudofaces developed synchronously 
about a centre of symmetry. Should inhibiting factors prevent 
crystallographically controlled pseudoface growth then curved 
or irregular surfaces may develop (Fig. 4, I). 
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Present-day spreading directions as represented by the active _ 
(transform fault) sections of fracture zones in the central North | 
Atlantic do not fit a small circle pattern about a unique pole’, | 
as recently confirmed by a ‘Gloria’ survey. Contrary to this. 
pattern, which is geometrically required if ocean floor spreading 
is to occur®, the active transform fault directions show a conver- 
gence towards the east*. Because of the fanning of the present 
directions, the African and American plates are caught in wha 
might be likened to a dovetail construction. To allow moti 
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thosphere formed along a sinusoidal mid-ocean ridge delive 8 km and whose ion is well defin valle 
l 5 only a few kilometres wide’. The va fau 


‘such a mechanism. n3 ; | KUO Wide 7 

To check the fanning of transform fault directions, the Insti- directions in ‘the Fifteen Twenty Fracture Zone are also re- 
ute of Oceanographic Sciences organized a Gloria® long-range flected in the seafloor spreading topography to the north an 
idescan sonar survey in autumn 1981 onboard MV Farnella. south. l Ea 
-The survey covered the active sections of all major fracture 
zones (Oceanographer, Hayes, Atlantis, Kane and Fifteen 
_ Twenty) on the Mid-Atlantic Ridge between 35° N and 15° N. 
Significant lineaments within the fracture zones were traced 

from 1:250,000 scale sonar images, and corrected for slant- | change, which varies from 











































bands are believed to represent the zones -~ spreading directi 
faulting. The strikes of the individual lineaments vary by up to A preliminary : 
- §° on either side of the ‘mean trend. Table 1 lists the overall east of the Mid-Atlantic 
trend of the transform zones, the range of trends, their means and 34, as reconnoitred: duri 
zand the standard error of these means, the predicted transform the construction of the flowline 
- fault directions from the RM2 pole by Minster and Jordan’ and describe the history of the 
the differences from these latter directions. The zones of active African plates from 84 to 9.5 
transform faulting as defined above converge to the east and seismic and magnetic data were used along 39 tracks between > 
do not fit the RM2 pole nor any other realistic pole. The the English Channel and the north coast of South America’’. = 
deviation of the overall directions of the fracture zones with No fanning of fracture zones can be observed for lithosphere 
respect to the RM2 pole is systematic and varies from about older than anomaly 13 (~35 Myr’ nic | ae 
+3° for Oceanographer and Hayes Fracture Zones to —4° for younger than anomaly 13, however, 
the Fifteen Twenty Fracture Zone (see also Fig. 2). there, fracture zone directions converge towards the- 
The Fifteen Twenty Zone was surveyed in more detail in although less than observed in the transform domains. Hoag: 
1982 by the Vening Meinesz Laboratorium onboard MV. Tyro. The fact that the fanning of fracture zone directions is restric- 
This survey showed that the transform zone is in a leaky mode. ted to the younger part of the ocean floor indicates a relationship _ S 
‘To the north and the south the present spreading direction is with the lithospheric cooling process. Both the relationship _ 

















090.5%. The fracture zone valley forms a rhombochasm with between lithospheric age and oceanic depth'®', and the ridge _ 
-sides varying from 090.5° to 099°. The 095.5° direction defined push as one of the driving forces in plate tectonics'”, are related — 
by the Gloria data might be interpreted as the active transform to the cooling process of new oceanic lithosphere. By taking the ms 
|. faulting direction, or the grain of a possibly intrusive body which horizontal component of thermal contraction into account, we 
occurs along the longer diagonal of the rhombochasm. In the will show that the amount of shortening of the African plate | 
fatter case the active transform fault directions would vary from needed to free the plates from the dovetail construction and - 
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_ Fig. 1 Tectonic lineaments inferred from Gloria sonographs of Kane Fracture Zone. Heavy lines, principle lineaments of the transform zone; 
. medium lines, other lineaments; light broken lines, ship's track; light continuous lines, outline of sonograph coverage; dotted lines, isobaths 
E (in km) from ref. 26; stipple, areas <3,000 m deep. A 























Fig. 2. Azimuths of major fracture 
zones in the central North Atlantic 
_ based on a Gloria survey conducted 
>> by MV Farnella in 1981, shown 
together with preliminary synthetic 
fow lines and isochrons mainly based 
~ On results of the Kroonvlag project 
_. (shaded area). Dots are earthquake 
epicentres. 
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-a hence the degree of fanning of the transform faults can also be 
_ \iglated to this cooling process. 
In the model we propose to account for fanning, the key 
_ { factor is the ridge push’. Due to the curvilinear shape of the 
< Mid-Atlantic Ridge, the stress trajectories do not form a system 
_ of meridians and parallels but fan with the shape of the ridge. 
_ On the concave side of the ridge the spreading ocean floor 
-> converges to a ‘degree that is determined by the horizontal 
_ Contraction of the cooling lithosphere as it moves away from 
_ the ridge. A complementary divergence occurs on the convex 
_ side. Ee | 7 
We first investigate whether horizontal thermal contraction 
ean be large enough to account for the observed angular devi- 
< ations. For this, the depth- and age-dependent temperature was 
_ calculated for a two-dimensional thermal plate model'”. Instead 
-of the isotherms usually shown, Fig. 3 gives the temperature as 
a function of the lithospheric age (t) for different depths 2 in 
the 100 km-thick plate. We now introduce the y-direction per- 
_ pendicular to the direction of spreading and allow free contrac- 
-tion in this direction. This contraction is then immediately. 













ermal volume expansion coefficient of 4.5x10°°C7! and 






relative contraction at the surface is 1.8% (Fig. 3). The angular 
deviation 8 for constant z is defined as the arctangent of the 
derivative with respect to x (= vt) of the absolute horizontal. 
contraction of a ridge segment with a length D. Clearly, @ is a. 
“function of the depth in the plate, the lithospheric age, but also 
of the spreading velocity vand the actual length of the spreading 
gment D. The half spreading velocity was set at 1.5 cms"! 
and the length D at 150 km. As the plate model is not valid 
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Close to the ridge, a m 
-averaging the effect over a mean 


 MrECHOn, ont ) en <o pis then 0.9% at a depth of 8km and 1.2° at a depth of 4km; . 
r el ted to the temperature distribution in the +z plane. Using The cumulative. effect Oun 


Emperature at the bottom of the plate T,,=1 .200 °C, the | abl 
older crust , the cumulative effect, bun, falls. For ageso! 


gible DA 
Ridge on the direction of the 


model. The solution of the heat equation was approxim 


Table 1 Observed and predicted transform fault directions: 
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Fig.3 Temperature and horizontal thermal contraction as a func- 
tion of lithospheric age, calculated for the thermal plate model’’, ~ 
: at different depths (in km) in the plate. 














maximum value of @ was estimated by _ 
offset value of 100 km. This. 

ef um Of a staircase model of 10. such ‘ 
segments with offsets of 100 km would then vary between 9 and 


12°, a value of the right order of magnitude (see Tab 









20 yr, maxima occur of 2.3° at a depth of 16 km, and 1 


depth of 30 km. For crust older than 35 yr 8m become 
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oh Fig. 4 Distribution of isotherms in vertical cross-sections perpen- 

~ dicular to the direction of spreading, at different distances from 

x=. The sinusoidal mid-ocean ridge is shown in the upper part 
of the figure in a bird’s-eye view. 


means of a finite difference scheme which has been tested for 
convergence and stability. A 5050 km grid was used. Figure 
4 shows the result for a sinusoidal ridge of wavelength 6,000 km 
and amplitude 1,000 km. Isotherms of the steady-state solution 
_ in vertical sections perpendicular to the spreading direction are 
- shown at distances of 1,100, 1,250, 1,500 and 2,000 km from 
the y-axis. The effect of the sinuosity is clearly reflected in the 

isotherms, becoming less with i increasing distance from the ridge. 


+. 


Adonai the horizontal heat flow is i fluenced d by the ope 





150x 10° N m7; which is too small to give anelastic defor 
tion, that is, plastic flow or faulting. This means that contraction — 
in the horizontal plane is the limiting factor for the convergence |. 
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the sinusoidal mid-ocean ridge shown i in Fig. 4, 


of the ridge, but as in the case of two-dimensional models, this $ 
horizontal heat flow is very small. 

The total ridge push caused by the density distribution i in a 
lithospheric plate is the sum of body forces which are working — 
on that part of the lithosphere that lies between the : spreading : 
centre and a subduction zone or continental margin”’. It can be 
calculated by integrating the incremental ridge push along the 
direction of spreading. The incremental ridge push. is. the 
horizontal gradient of the vertically integrated lithostatic 
pressure, 

For the computation. of the incremental ridge push, we define 
the thickness of the lithosphere by the isotherm at its base T). 


Then the two-dimensional horizontal gradient is computed at- 


the grid points of the thermal model. Figure 5 shows the results _ 
of the eles for T,= 0. 9 x she eii men and magn 







is pestered bi he space . created byt ‘the s horizontal th re 
contraction, ae 








lies in the fact ‘that the 4 stresses berm ee of. ‘the 





of the fracture zones and, since the divergence of the lithosphere _ 
on the convex side of the ridge is complementary to the conver- 
gence at the concave side, also for the divergence of fracture ` 
zones at the opposite side of the ridge. 

The fanning model ends the dispute about the different pole 
of rotation of the Atlantis and Kane Fracture Zones'?° 
circumstance that the Atlantis Fracture Zone shows only on 
pole of rotation for the past 35-40 Myr’ results from ‘the fa 
that it is situated near to the axis of symmetry of the ce 
North Atlantic when considered as a bight. Therefore, it i 
only fracture zone whose meridian goes through the p 
spreading and.as such can be used to help to determine th 

Finally, the. fanning of the Atlantic fracture zones le 
the remakab uation that. the stander betwee 





































chrons to both ‘sides of 


ha 









arly stage of opening of the Atlantic. Only 
s due to cooling developed sufficiently to 
“produce a substantial ridge push. Continued field studies are 
needed to verify this and to give us the experimental data to 
"erne the proposed model. 
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The possibility of deriving the three-dimensional structure of 
the lithosphere by inversion of arrival times from distant 
earthquakes has previously been assessed using data from per- 
manent seismic arrays’. Temporary emplacement of arrays in 
regions of key interest furnishes a practicable tool for investigat- 
ing their structure”, but the data needed for resolving complex 
three-dimensional structures are difficult to collect. We have 
iyerefore selected here regions where cylindrical symmetry 

ices the problems to two dimensions and where the geologi- 
Structure of interest is likely to produce large, easily detect- 
able, relative arrival time anomalies. In this respect the depth 
-variation of an interface with a large velocity contrast such as 
_ the Moho, as it is known to exist on average perpendicularly 






a increase of over 15 km in Moho depth 
: across the range. The variation in this depth beneath the North 


-shown to be very sharp, occurring over approximately 5 km. 
a estion the hitherto assumed smoothness 







_of deep structure. 
ne temporary array of seismic stations (Fig. 1) was main- 
_ tained from the end of October 1982 to the beginning of January 
1983. Ten earthquakes at distances of between 50° and 150° 
and with magnitudes between 5.1 and 6.3 were recorded by 8 
_to 18 stations. Arrival times undergo such sharp variations within 
the array that we can not define a finite value of the wave slowness 
which could be used to infer smooth and deep structural vari- 
ons’. Instead the data can be reduced to arrival time delays 















oS : the axis will 
brought together. This situation probably — 
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Fig. 1 Temporary seismic stations in the Western Pyrenees; ae 
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Fig. 2. Relative teleseismic residuals across the Pyrenees. One 
“os. second of relative residual corresponds to a change of ~20 km in 
~.. Moho depth (vertical dimensions are thus compressed by 2.5 with 
: respect to horizontal). a, Section through point A (see Fig. 1): P 
waves from Kazakstan event projected back to where they emerge 


20KM 





with steeper incidence are added to show the sharpness of spatial 
variation in structure as data for IZE belong to early arrivals for 
the first and late arrivals for the second event. Correction for 


© 08s later arrival. Note the change in delay beneath point | A, 

indicating more than 20 km of variation in Moho depth. a’, Section 
through point A: seismograms of Salomon Islands earthquake 
_ intermediate in azimuth and incidence between the previous ones, 
with complex recording at IZE indicative of multipathing. b, Sec- 
‘tion through point B: seismograms are. from Ecuador. earthquake. i 
“The step to early arrivals (thinner crust) for northern stations is 
ess sharp as here waves approach from the WSW where the crust 
“is thicker, c, Section through point C: cross-correlograms of emer- 
: gent waves from Kamchatka earthquake with a reference station. 

< Note the change in delay. beneath point C indicating also more 
_ than 20 km change in Moho depth. Taking into account known 
sediments beneath the ‘three northern stations would bring arrivals 
F as early a as. for the fourth. one, indicating an almost flat shallow 

= | vod - Moho. 
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from the mantle. Dots corresponding to New Hebrides earthquake 


known sediments beneath the northernmost station account for | 


ve relative d Jelays are sien caused wae its variation in e 
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Fig.3 a, Temporary seismic array in the Western Alps. b, Relative 
residuals of waves arriving due north from Aleutian earthquakes 
on a west~east section of the array. Note the relative delay from 

ETA to MON. 2 





average crustal velocity in the north is taken into account. Our 
data also indicate that this variation occurs very sharply on a 
north-south distance of the order of 10 km, near point. A. This 
is additionally documented by a Salomon Islands earthquake, | 
intermediate in azimuth and.incidence between the previous 
two which at station IZE gives a complex seismogram indicative 
of multipathing (Fig. 2a‘). This is evidence for a situation similar 
to that in the eastern part of the range—juxtaposition of two. 
crustal segments of different thickness—and it illustrates the 
westward extension of the deep expression of the NPF. In Fig. 
2b seismograms from an earthquake in Ecuador recorded by 
central stations in the array are displayed on a line through 
point B. Waves arrive from the WSW, almost opposite to the 
direction of approach from Kazakstan. The step to earlier 
arrivals for the northern stations is also documented here 
although it appears less clearly because the waves are approach- 
ing through thicker crust. Figure 2c presents a picture simi 
to Fig. 2a for the western group of stations in the array 
an earthquake in Kamchatka (distance: 82°, azimuth 12°," 
the signals have progressive. onsets and a longer period, the: 
cross-correlograms. have been plotted, pro jected back | to where. 









horizontally, acl $ stepi is : again: documented, ‘enab in ng extension 


of the deep expression of the NPF even further west. Tracing 
the NPF as a deep fracture further than seen at the surface | 





provides: additional support for evolutionary models emphasiz- 
ing its fundamental regional role''’?. Extension of the NPF to 


the western half of the range isa ‘subject of debate. among 


geologists as surface evidence is not clear here although. seismic, 


activity is well documented!?. 


As to the present state. of the NPF, points A and B and ran 
where we document the Moho. disruptions were the exact epi-_ 
centres of the three largest earthquakes which occurred i 


western half of the Pyrenees over the past two decades— 
at au 29 a 1980, Mb~ 5. a 1i at ay I 
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deep structure of the western Alps have this smooth Moho 
h variable upper crustal structures thought to correspond to 
plicated overthrusts, with westward flaking of crustal seg- 
ts, matching the surface decollements and nappes. Such 










also for even further 


the Penninic zone to the east (Fig. 
delay (0.6s) and the sharpness of the 
= variation, which occurs between two stations 15 km apart, are 
_ Similar to those across the NPF. Thus our data suggest that in 
_ the western Alps the deep structure may in places be similar to 
that of the Pyrenees, more closely resembling a juxtaposition 
_. of lithospheric segments than a smooth transition between them. 
_. Part of the anomaly might be explained by supposing that the 
crusts on either side differ in average velocity and composition, 
as has been proposed further to the west”. or that mantle 
velocities are different, Nevertheless it seems difficult to account 
¿for the observations without supposing a step in an interface 
= with a strong velocity contrast such as the Moho, which we 
consider better explains both the amount and sharpness of the 
\Bnomaly. 
ø, Brief periods of recording a small number of teleseismic 
* signals by a dense array in two geologically interesting regions 
of supposed lateral variation in crustal thickness have shown 
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One outstanding problem of great geophysical impertance is 
the vertical extent of convection in the Earth’s mantle’. Steady- 
State. models of convection in the mantle have yet to produce 
escription of the mantle which is consistent with geochemical 
and geophysical observations. Here we present time-dependent 
„numerical models of two-dimensional convection which simu- 
-late mantle convection. Starting from a fluid initially at rest 
-with a purely conductive temperature profile, we now find that 
for a Rayleigh number (Ra) of 10’, the model experiences a 
-transient period of double-layer convection, which lasts on the 
order of hundreds of millions of years when scaled to the Earth’s 
_ mantle. It is suggested that transient periods of double-layer 
“convection in the Earth’s mantle may have existed in the past, 
whether or not such a period exists today. . 
`: Models of mantle convection have been proposed with several 
different combinations of convecting layers, including convec- 
: tion confined to the upper mantle, convection in separate layers 
iof the upper and lower mantle, and whole-mantle convec- 
%10, The models of double-layer convection have been 
‘Motivated by geochemical analyses which suggest the presence 
of two (or more) sources of elementally and isotopically distinct 
Tock, possibly the mantle above and below the 670-km seismic 
continuity''~'*, This discontinuity may be caused by a phase 
sition or by a change in the chemical composition. Phase 
ges alone are unlikely to prevent convection across the 
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g these contours are generally loose. All models of 


models are used not only for the shallow mantle zone of Ivrea, 









ution of time-dependent flows. 


‘*, but only a small increase in chemical models i 

















the surface projection of the Moho step, as detected fr 
teleseismic anomalies, and the epicentres of the main ear 
quakes at upper and middle crustal depths imply that the litho 
spheric fracture extends almost vertically to the surface. In th 
case of the Alps, detection of similar variations in delay. tin 
brings into question the hitherto assumed smoothness of M 
depth variation and prompts the setting up of further speciall 
designed explosion seismology experiments as used ) th 


























Pyrenees*””, | 7 

Seismic stations were designed and maintained by. Ren 
Jean Verhille and Daniel Brefort. This paper is contributio 
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density could prevent whole-mantle convection'®!”, though. 
some mixing between the layers would still occur (P. Olson, oo o 
personal communication). However, steady-state, two-layer 
convection implies a substantial temperature drop across the- 


intervening conductive boundary layer, which requires a much 





lower viscosity in the lower mantle than in the upper mantle”, 
The latter is inconsistent with results which show the viscosity 
of the mantle to be nearly uniform’ê. 

Convection is in general a time-dependent phenomenon, . 
rather than steady-state. Previous models of time-dependent — 
convection have produced only a single layer of convecting 
cells'**°; often the time dependence consisted of an oscillation 
about a steady-state pattern. However, our models?‘ show that 
as Ra is increased towards values appropriate for the present 
mantle, qualitatively different evolutions result, at least for 
certain initial conditions. | | 

The models are based on the Boussinesq approximation at 
infinite Prandtl number, and treat convection in a two-dimen- 
sional, cartesian coordinate box (aspect ratio of 1.4), heated: 
from below. The equations of motion are solved numericall 
by a computer code originally written by Lux’, The biharmoni 













ependent on the ; 
temperature (proportional to exp [6(0.5— T)], in terms of the 


presumed to occur for mantle matter’. The Rayleigh number 
for these variable viscosity models is based on the viscosity for: 
T =0.5, which occurs at the centre of the layer in steady state. 
The boundary conditions are free slip, with impenetrable, insu- 
lating side walls. The time step is at most a fraction of the 
Courant-Friedrichs~Lewy time step, ensuring temporal resol- 

The spatial resolution of the 
s sufficient to include at least three grid points in 
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STREAMFUNCT 106 


Fig. 1 Time evolution of a model of mantle convection with 
Ra = 10°. The contours of the streamfunction are shown, together 
with the mean horizontal velocity as a function of depth, isotherms 
of the temperature distribution, and the mean temperature as a 
function of depth. The streamfunction is contoured at values of 0 
and 1/8, 3/8, 5/8 and 7/8 times the minimum and maximum, and 
the isotherms at temperatures of 1/10, 3/10, §/10/, 7/10 and 
9/10 times the maximum. +, Local maxima; —, local minima. The 
horizontal velocity may be converted to a dimensioned velocity 


by multiplying by 107° cm yr™’. 


boundary layers at the top and bottom of the box, which should 
result in a reasonably accurate solution”! (see also Fig. 3 of 
-Schubert et al.”°). The code has been tested by comparison with 
previous calculations of both steady-state’''?" and time-depen- 

dent convective patterns’. 
ee The two models start from a state of pure conduction, that 
js, a uniformly increasing temperature gradient from the top 
(T =0 in dimensionless units) to the bottom (T = 1) of the box. 
Similar initial conditions have been used by previous 
_ authors”!?°, Heating due to impacts during accumulation of the 
Earth probably resulted ina molten or partially molten planet, 
© with simultaneous formation of the iron core and downward 
advection of thermal energy. Convection in partially molten 
regions would be very efficient and would rapidly reduce the 
` temperature to the solidus, which might then be considered as 
an appropriate initial temperature for sub-solidus convection. 
-Because the solidus is thought to rise faster with depth than the 





7 adiabat™ J in the Boussinesq approximation the initial condition 
for T would be a roughly linear increase with depth (T= 
Toas”. T adiävat); aS WE have assumed. The streamfunction was 
sentially static) and a random pattern of noise (at the 5% 
el) was superimposed on the initial temperature and stream- 
cio o 

‘igure 1 shows the time evolution of the first model, with 
0°. The initial conditions for the two models (0.0x 
< Myr) are so far from steady state that initially a burst of 


na very small initial value (1 078 in dimensionless units— 

























slowly approaches the 
177; even at 










10° and 107; further calculations wi 








The second model is identical to the first model, except that 


now Ra = 10” and the initial noise differs because of the increased 


number of grid points (5151 as. opposed to 19x19). This 


value of Ra is close to that appropriate for whole-mantle con- =. 
vection with a viscosity of 10° P (ref. 18). Figure 2 shows thi 
the initial conditions again lead to the formation of a hot puwa 
which rises to the top of the layer (15 Myr; see Fig. 1 at 15x10% 
Myr). Thereafter, the evolution diverges greatly from the lower 
Ra model. A chaotic sequence of double-layer convective cells 
results (hinted at 47 Myr, clearly delineated at 510 Myre 
Eventually the double-layer pattern disappears (1.2 x10? Myr), 
leaving behind a single layer of cells (1.9 x 10° Myr). a 
The physical reason for the double layers of convection may 
be found by considering the temperature as a function of depth. = 
Multiple layering occurs in regions with inverted temperature ` 
gradients where the temperature decreases with depth (in ver- 
tical sections, as well as in the mean). This occurs in the second > 
model because with the chosen initial conditions, the initial burst 
of convection overshoots the steady-state temperature profile, 
and results in a large amount of hot fluid reaching the top of .. 
the layer. This initial burst is accomplished in a single layer of 
convection cells, as that is the most efficient way in which to 
remove the initial excess of hot fluid at the bottom of the layer. 
Once the inverted temperature gradient is obtained, the inter- 
mediate layer of the box is stable with respect to convection. | 
The stability of the inverted temperature gradient region may 
be demonstrated by considering the buoyancy of fluid elements / 
In the Boussinesq approximation, the buoyancy (acceleration )\, 
of a fluid element is dependent only on its temperature. Consider 
first the lower boundary layer. The effective buoyancy of the. 
lower boundary layer will be proportional to the average tem= | 
perature ( T,) of the layer. Because of the shape of the boundary 
layer, T, will have a value somewhat less than that of the 
temperature halfway between the lower boundary value and 
the minimum in the inverted region. Compare this temperature 
with the maximum temperature (7;) in the inverted layer. lf 
the fluid in the bottom boundary layer is to be able to penetrate 
to the top of the box, its buoyancy must exceed that of all the 
overlying layers, that is, Tẹ, must exceed T,. In the model with 
Ra=105, T, exceeds T, at all times, and hence a single layer 
of convection results. However, in the model with Ra = 10’, Th 
is less than T, by 47 Myr, so that until this inequality is reversed, > 
the inverted layer is more buoyant than the bottom boundary © 
layer, and a single layer of cells is prohibited. This argument is 
readily extended to the upper boundary layer (only in terms:of 
negative buoyancy). cA 
In the model with Ra = 10”, the temperature gradients af- 
top and bottom of the box continue to drive convective cells of < 














limited vertical extent. Note that for Ra= 10’, a layer of only 


one-tenth the total depth is still convectively unstable. (Ra> 
Ra.,). The inverted temperature gradient is gradually eroded — 
by these convective motions. The convective cells in the top and © 
bottom layers grow into the previously stable layer, and eventu- 
ally merge into a single layer of cells. The transient phase of- 
double-layer convection lasts on the order of 0.5 x 10° Myr. At - 
the higher values of Ra appropriate for the early Earth, it is | 
uncertain whether this time would be increased (more unstable 
to overshoot) or decreased (more vigorous convection for. 
removing the inversion). | a 
The inverted temperature gradient serves as a barrier to. 
whole-mantle convection, and thereby helps prevent the mi i 
that would homogenize any isotopic or elemental differ 3 
that might arise between the layers. The multiple layers occ 
because of the presence of an. intermediate layer having a 
inverted temperature gradient, which is stable with respect t 
fluid elements in the boundary layers. The magnitude of th 
inverted gradient increases as Ra increases, so that at a new, 
critical value of Ra, convection is unable to penetrate the stable. 


layer. We have shown that this new critical value lies be 


be necessary 
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the bottom, isolated from the convective part of the chamber. 
‘he essential features of this layer are that it is not affected by 
xing and that a significant thermal gradient is maintained 
cross it. These imply peculiar crystallization conditions. 

We have studied the sudden cooling of an initially hot and 
sothermal layer of fluid. The fluid is placed in a Plexiglass tank 
»f 25 x 25 cm horizontal dimensions and 10 cm height. The tank 
walls are 2 cm thick to minimize lateral heat losses. Fixed tem- 
perature boundary conditions are achieved using two 3-cm thick 
copper plates at the upper and lower surfaces, through which 
thermostated water circulates. At the beginning of the experi- 
ment, temperature is uniform in the fluid and in both copper 
plates at a value Ty. At time ¢ = 0, the copper plates are switched 
to a cold water bath. They are cooled rapidly, reaching 90% of 
their final temperature in about 2.5 min. Temperature is maint- 
ained constant at a lower value 7,~-AT to within 0.1 °C after 
6min. These conditions approximate those of instantaneous 
cooling. 

In the standard Boussinesq approximation and for the fixed 
temperature boundary conditions of interest here, two non- 
dimensional parameters characterize the experiments’ ™??: Ray- 
leigh number Ra = (gaATd*)/«v and Prandtl number Pr = v/K, 
where d is the thickness of the layer, g the acceleration due to 
gravity, a the coefficient of thermal expansion, x thermal 
diffusivity and v kinematic viscosity. We assume that viscosity 
is constant (in our experiments, it never varies by more than 
30%). In natural systems, viscosity depends strongly on tem- 
perature. For such fluids, theoretical calculations as well as 
laboratory experiments have shown that convective flows are 
limited to regions where viscosity variations are small and 
resemble the uniform viscosity flows'*'°. We have investigated 
the constant viscosity problem as it is a prerequisite to a proper 
understanding of the more complex variable viscosity problem. 





d transient conditions and show that a stagnant layer develops 








crystallization and therefore depend on the co ing regime: 

The physical properties of basaltic liquids’ indicate that 
representative Prandti numbers exceed 4.000. For a tem- 
perature difference of 50 °C and a chamber height of 1 km, the 
Rayleigh number is extremely large (10°). We used silicone 
oil with kinematic viscosities ranging over 10%-10° mm” s~}, F 
those, Pr ranges from 800 to 8,000. The proper scaling of Ot 

experiments can be made using the analysis of Kraichnan for 
high Prandtl! number fluids'*. The range of Rayleigh numbers 
investigated is 10°-10° and molecular viscosity dominates the 
whole flow structure. This is always the case in boundary layers, 
whatever the Rayleigh number value, and it is this that we have 
investigated, 

Several types of observations were made. Shadowgraph pic- 
tures allow the visualization of the whole temperature structure 
(see ref. 17). To obtain a more detailed picture of convection, 
we also used differential interferometry”? with a 4-cm-wide laser 
beam. This gives a picture of the iso-gradient temperature lines 
to an accuracy of about 0.01 °C cm™'. Finally, we placed a series 
of 11 thin (0.2 mm diameter) platinum wires stretched horizon- 
tally across the fluid. These allow the measurement of the mean 
horizontal temperature to an accuracy of about 0.2 °C, or typi- 
cally 1% of the overall temperature difference. 

We have run more than 15 experiments with different oils 
and varying temperature differences. All showed the same 
effects, which we now describe for one experiment run with 
AT = 22.2°C and Ra=5.9% 10°. Convective instability starts, 
at about 2 min (Fig. la), when a local Rayleigh number basgi 
on the thermal boundary layer thickness exceeds a a vals 
about 1,600 in agreement with other studies*!. The boun: _ 
layer breakdown occurs in the form of thermals or, more accur- 
ately, ‘starting plumes’“”. These take about 1 min to reach the 
lower parts of the fluid (Fi ig. 1b). In this initial stage, they almost 
penetrate to the lower surface. With time the thermals become 













Fig. 1 Time-sequence of the development of convection for the experiment discussed in the text. The lower boundary layer is barely detectable 
because of light refraction (the wire which is seen at the very bottom lies at 1 cm above the lower surface), The right end of the upper 
boundary layer goes unstable slightly later than the left end because cooling is not perfectly uniform initially. The effect is not large, as 
witnessed by the small difference in onset time. a, Convection starts: thermals are generated in the upper boundary layer. b, The convective 
thermals or ‘starting plumes’ reach the bottom. c, Fully developed convection (time 4°30"). d, Convection in a late stage (time 13°30"). 


Compare with c and b. The grey area at the very bottom is not penetrated by thermals: this is the stagnant layer. 
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Fig. 2. a, Vertical profiles of the mean horizontal temperature as 
time increases. Numbers along- the curves indicate the non- 
dimensional time, defined as (d? t/x), in units of 1072. Real times 
are, in minutes: 3,9, 15, 27,40, 55 and.90. Steady-state conditions 
are reached in about 4 h for this experiment. b, Schematic structure 
7 =- of convection for the profile at 1.0-(15 min) from both the tem- 

perature data and the photographs. 


slower and do not reach the bottom (compare Figs 1b, d): a 

stagnant layer of significant thickness has formed. The thermals 
_ travel in the fluid with an approximately constant velocity until 

i A they are strongly decelerated and then stop at the top of the 
~ tant layer. The zone of deceleration corresponds to that of 
tration of the stable temperature gradient at the base of 

he tank. , 

The general structure of convection is described in Fig. 2. At 
the top there is an unstable boundary layer where thermals are 
generated. In the middle parts of. the fluid the méan horizontal 
temperature is approximately constant (within experimental 
accuracy). This defines a well-mixed layer. Below this, the lower 
thermal boundary layer is made of two parts: a zone of penetra- 
tion where thermals decelerate and a stagnant layer where there 
is no convection. Note that the temperature gradient is large in 

the stagnant layer. This is associated with a density increase 
which does not allow penetration. 

The profiles of Fig. 2 indicate that the thickness of the well- 
mixed layer decreases slowly with time as cooling proceeds and 
convection becomes more sluggish. This can be shown by the 
growth of the lower boundary layer. Its thickness was deter- 
mined by fitting a second-degree polynomial to the temperature 








Fig. 4 Differential interferometry 

for the reverse experiment: a cold 

layer is heated suddenly from both 

upper and lower boundaries. AT was 

10.5 °C and Ra 8.5 x 10°, The photo- 

graphs were taken after 45 min when 

_ the temperature difference between 

> — the well-mixed layer and both copper 
~ plates was 3.9°C. Photographs are 

taken at 20-s intervals. The marks 

on the right-hand side are 1 cm apart. 

The dark region at the top with the 

~ wavy interface is the stagnant layer. 

There is an incoming thermal in a. 

Note the slight distortion of the inter- 

face ahead of the thermal cap. The 

_ patterns are complex because the 

_Jaser beam crosses the whole fluid 

_ and averages the effect of the thermal 
with that of the background. 
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ig. 3 Evolution of 4, the lower boundary layer thickness (in 
units of d, the total layer thickness), Note the initial period of fast 
growth when there is no convection. Within experimental error, 
the data can be fitted with a straight line. | 





data and then calculating the height at which temperature has 
a zero vertical gradient. Figure 3 shows that this thickness ane 
evolves very slowly with time after an initial period of formation, oo 
which is simply the conduction stage before the convective oe 
thermals reach the bottom. The evolution of the stagnant layer. o 
is similar. After an initial episode of fast growth, its thickness 
stabilizes and increases almost imperceptibly. aes 
To confirm the existence of the stagnant layer, we used 
differential interferometry. Because in the case of cooling the. 
light rays are refracted into the stagnant layer, no clear and - eS 
simple picture can be obtained. We therefore performed the = 
reverse experiment and suddenly heated an initially cold fuid = 
layer. A stagnant layer was observed at the top, which is shown 
in Fig. 4 as a convective thermal approaches. Note that it does S 
hot penetrate the layer and is dissipated by conduction and by 
other incoming thermals, In the cooling experiment, the lower 
boundary layer is colder and therefore more viscous than the- 
rest of the fluid, which impedes the penetration of thermals. _ 
However, the formation of the stagnant layer is not a result of 
viscosity increase, as evidenced by the heating experiment. — ae 
The existence of a stagnant layer is a universal feature of all e 
our experiments. This layer grows by the addition of cold fuid 

























































ias been illustrated in other types © Pexperiments”~ 
s stable and nothing will make it rise. Cooling through side-wall 

would enhance the effect. Our results are therefore of general 
applicability and do not depend on our particular set of initial 
-conditions (for example, whether or not the temperatures of 
the upper and lower surfaces are lowered by the same amount). 


The thickness of the stagnant layer may change, but not the 
fact that it exists. What is more important and new is that the 
stagnant layer stabilizes rapidly at some thickness. This shows 
that penetration is also stabilized. The convective system thus 
evolves towards a stable spatial configuration which then 
changes slowly. The physics of this are complex, involving 
transient convection and penetration in a non-uniform environ- 
ment. The physical and mathematical treatment of the tem- 
perature data allow some further developments and scaling laws. 
These will be made in a more extensive study. j 
=o There is some observational support for the existence of a 
> stagnant layer. Donaldson?” suggested that crystals formed in 
a quiet environment in the Rhum intrusion. Similarly, Jackson* 
argued that textures and structures in the Ultramafic Zone of 
the Stillwater Complex indicate that magma was stagnant. Our 
_-.- experiments imply peculiar crystallization conditions at the bot- 
tom of magma chambers. There, crystals would not be affected 
by convective mixing phenomena. Furthermore, crystallization 
would occur with a rather high heat flux imposed from the top 

(Fig. 2). This represents highly unstable conditions for crystal 
nucleation and growth and probably leads to cyclic crystalli- 
gation sequences on the scale of a few centimetres”? More 

generally, the conditions clearly differ from those in a large 

reservoir as the stagnant layer is of smaller thickness. In par- 
ticular, crystallization is slower because country rocks must 
evacuate both the latent heat of crystallization and the imposed 
heat flux. 
The main limitation of our experiments is the absence of 
compositional effects. Such effects develop in crystallizing 
regions where there isa high density of crystals. Because magmas 
are viscous, the associated density instabilities are not instan- 
taneous. What must be ascertained is whether these instabilities 
_ develop before or after the formation of the stagnant layer. If 
‘they develop after, they would lead to the destruction of the 
~ stagnant layer, which would then form again. This process could 
repeat itself in a quasi-periodic manner. 

Our aim has been to investigate one of the simplest fluid 
dynamical experiments of relevance to the study of magma 
chamber processes. In conclusion, the stagnant layer isolates 
“the crystallizing region below from the effects of convective 

mixing. It represents a smaller volume of magma in which 
compositional gradients may be set up and destroyed. This offers 
a physical alternative to the reinjection hypothesis to explain 
‘relatively rapid cyclic chemical evolution within large magma 
_ chambers. l 
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The formation of acid waters by oxidation of pyrite-bearing ore T 
deposits, mine tailing piles, and coal measures is a com" 
biogeochemical process and is a serious environmental prob 3 
We have studied the oxygen and sulphur isotope geoche mM 
of sulphides, sulphur, sulphate and water in the field andin 
experiments to identify sources of oxygen and reaction mechan- 
isms of sulphate formation. Here we report that the oxygen 
isotope composition of sulphate in acid mine drainage shows a. 
large variation due to differing proportions of atmospheric- and 
water-derived oxygen from both chemical and bacterially-medi- we 
ated oxidation. !*O-enrichment of sulphate results from pyrite 
oxidation facilitated by Thiobacillus ferrooxidans in aerated 
environments. Oxygen isotope analysis may therefore be useful 

in monitoring the effectiveness of abatement programmes 
designed to inhibit bacterial oxidation. Sulphur isotopes show 

no significant fractionation between pyrite and sulphate, indicat- 

ing the quantitative insignificance of intermediate oxidation 
states of sulphur under acid conditions. 

The overall stoichiometry of pyrite oxidation may be 
described by the reaction: FeS;(s)+ O ag) tH QO. 
Fe(OH)3(s) + 2H2SO,(aq). In order to understand the oxidas 
kinetics, intermediate steps in this reaction must be consider — 
The following three reactions have been shown to operate uty 
acid conditions*”*: 7 : 













FeS,(s) + 14Fe?* + 8H,O > 15Fe?*+SO7 +16H" Gd) 
 Fe?*+10,+H*>Fe*+3H,0 (2). 
FeS, +40, +H,0 > Fe?" +2807 + 2H" Qs 





Below a pH of 3, reaction (2) is thought to be the rate-limiting 
step for reaction (1), the principal inorganic oxidation mechan- _ 
ism?. Thiobacillus ferrooxidans increases the rate of oxidation 
of ferrous to ferric iron (reaction (2)) by several orders of = 





magnitude in acid environments*®’. This microbial influence 


on pyrite oxidation is usually referred to as indirect action, 25 __ 
distinguished from a direct action mechanism in which T. fe 
roxidans or other microbes attach themselves to the pyrit 
surface®’ and directly attack the surface, enzymatically oxidizing 
sulphide to sulphate, similar to reaction (3)°. A 
The roles and sources of oxygen may thus be quite varied. In 
reaction (1) the sulphate oxygen is derived from the water _ 
molecule whereas in reaction (3) it is derived from dissolvec 
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. J Fig. 1 Comparison of sulphur isotope compositions of primary 
(sulphide and sulphate produced during sulphide oxidation. The 
similarity of 5°“S values: indicates little or no sulphur isotope 
fractionation during pyrité oxidation, Sliggesting that sulphate is 
the dominant aqueous sulphur species. Intermediate oxidation 
¿states of sulphur, although important in the reaction mechanism, 
are quantitatively small. Each square represents one analysis. 





< oxygen (87.5%) and water (12.5%). Each of ‘the proposed 
-reactions may contribute to the dissolution of pyrite, according 
. to different rates and to the influence of many poorly understood 
“microenvironmental factors’. The marked difference in the 
oxygen isotope composition of atmospheric oxygen (6!8O = 


~ +23.0%)!° and meteoric waters (8'80 = —9.5 to -15 5% in our | 


~- study) offers the possibility of tracing principal oxidation 
mechanisms by isotopic analysis of the sulphate formed. Because 

> the rate of oxygen isotope exchange between sulphate and water 

-is slow, even at a low pH’'"?, the oxygen isotope composition 
of sulphate formed during pyrite oxidation should preserve the 

identity of the original source of oxygen. shee 

e have determined the oxygen and sulphur isotope composi- 






the West Shasta Cu-Zn district and at the Leviathan mine, 
> California; Argo tunnel, Colorado; and Alpine Gulch area, San 
_ Juan Mountains, Colorado. The most abundant sulphide mineral 
in these deposits is pyrite (FeS,). Sulphur was available for 
< analysis only at the Leviathan mine. : ee 
Water samples were filtered in the field using a 0. l am filter 
< and portable pump. After removal of cations on a.BioRad Ag 
<- 50W-X12 resin bed in the laboratory, sulphate ‘was precipitated 
_ as BaSO, in a heated BaCl; solution. The oxygen isotope compo- 
ition of the sulphate was determined by mass spectrometry on 
); prepared by combustion of BaSO, with ‘pure graphite 
enclosed in molybdenum foil and heated in vacuo by induction 
‘Ina molybdenum crucible. Quantitative yields were attained by 
onversion of any CO to CO; by discharge between platinum 
ctrodes'* exposed to the BaSO, combustion vessel. Water 
was analysed for oxygen isotopes by equilibration with CO, at 
_ 25°C using a fractionation factor of 1.0412 (ref. 14). SO, for 
-sulphur isotope analysis was prepared from sulphides, and from 
_ BaSO, ground and mixed together with quartz glass’, by com- 
ustion with CuO, a 
Isotopic data are reported in the 6-notation, where 6 ( 


























tions of dissolved sulphate and water in acid mine drainages in - 






inper th quired in the oxidation pathway', aqueous sulj 


-O or ae 


ve” DISTRICT 







ee 
+? wer % 





ALPINE 77 
GULCH” 
pet 


ail 






At. Geral high SQj le 


~ | LEVIATHAN 





Fig. 2 Oxygen isotope compositions of acid water sulphate rela- 
tive to the isotopic compositions of local meteoric water for four 
study areas. Samples represent analyses of mine portal effluents 
(the most !"O-depleted of the Argo and West Shasta samples), 
polluted streams and seeps, and non-polluted streams: A, acid, 
high SO” (2500 mgiI™!); B, acid. moderate SO} (50- 
500 mg T+); C, neutral, low SOF (<50 mg I~): D, neutral; mod- 
erate SO7”. pH values as low as 1.6 and sulphate concentrations 
as high as 800 mg 1” were measured in mine effluents in the West 
Shasta district. The ‘HO sole O, source’ line describes zero oxygen 
isotope fractionation between the sulphate and water. The broken 
lines for 100, 75, 50 and 25% indicate the contributions of reaction 
l to pyrite oxidation and the expected oxygen isotope compositions. 


of the product sulphate based on fractionations determined in 


experiments described in the text: 


48/528: (SA refers to sample, STD to standard). 8'20 (relative is 
to V-SMOW) were reproducible to 0.1% for sulphate, and 0.2% | 
for water. 5°*S values (relative to CDT) were reproducible to- 
0.05%. | : , 

The sulphur isotope composition of sulphate in acid mine — 


_ drainage, fresh pyrite, and sulphur from the W. Shasta district 


and the Leviathan mine. are shown in Fig. 1. The isotopic data 


„are compatible with formation of Leviathan mine sulphur and 
“sulphide from the same °*$-depleted hydrothermal HS, but. 
_ under non-equilibrium, variably oxidizing conditions. Labora 
_ tory oxidation of aqueous sulphide by Thiobacillus has yielde 
_ depletions in *“S in the oxidized products: 6% in sulphur'®* 
and up to 18% in sulphate”. When pyrite was used as a subst ate 
a mixed culture of microbes produced sulphate depleted in “S. 


by only 1.7% relative to the original pyrite!® and no difference 
was detected in experiments using T. ferrooxidans. Field’? found 
little or no sulphur isotope fractionation between primary sul 


phide and secondary minerals during the oxidation of pyrite 
bearing ore deposits, and Schoen and Rye” also observed little 


or no fractionation of sulphur isotopes upon oxidation of H; 
to form native sulphur and sulphate minerals in solfataras 


‘Yellowstone National Park. From Fig. 1, we conclude that t 


sulphur isotopes are not measurably fractionated during pyrit 
oxidation. The similarity of sulphur isotope compositions 
sulphide and dissolved sulphate shown in Fig. 1, particularly { 
West Shasta, corroborates earlier studies of sulphide mine 
oxidation. Further, the lack of isotopic fractionation indica 





rmediate oxidation states are quantitatively sm: 
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a Fig. 3 Per cent contributions of as for oxidation reactions 
(1) and (3) plotted against expected oxygen isotope fractionation 
between sulphate and water. End-member points (open circles) 
are plotted for extreme fractionations measured in the following 
conditions: anaerobic, sterile and aerobic with T. ferrooxidans 
present. Also shown are the ranges for this fractionation ($0 
enrichment, ASOF —H,O) observed in experiments using sub- 
mersed and alternating wet/dry conditions with and without T. fer- 
rooxidans. Saturated environments would be represented by 
flooded mines, whereas aerated environments (characterized by 
an increase in utilization of molecular oxygen via reaction (3)) 
would be found in stream beds and the near-surface unsaturated 
zone. 




































although they are certainly important*’. Thus, the sulphur 
isotope composition of sulphate can indicate the source of the 
«sulphur in acid waters. For example, although the range of 6°75 
_ «values. for sulphide at the Leviathan mine may partly reflect 
. microscopic contamination with sulphur, the acid effluents are 
= indicated to form primarily from oxidation of pyrite rather than 
sulphur. 
©- Figure 2 illustrates a large variation for the oxygen isotope 
composition of sulphate in acid mine drainage from several sites. 
A 14% variation is shown for samples of acid mine drainage 
from portal effluents and heavily polluted streams in the West 
Shasta district. The oxygen isotope enrichment of sulphate rela- 
tive to water approaches a minimum of 3% for acid mine effluents 
: from the Argo tunnel (Colorado) and several mines in the West 
“Shasta district. Isotopically heavier sulphate was found in waters 
_ draining more aerated hydrological environments, such as high 
sulphate, acid streams in the West Shasta district (5'50 = +2 
to +64; Fig. 2), or the exposed bog (seep) environments at 
Alpine gulch. The neutral waters from West Shasta represent 
-unpolluted streams with low concentrations (<50 mgI™') of 
‘sulphate probably derived from sources other than the oxidizing 
` pyrite ore bodies, Oxygen isotope enrichments of sulphate with 
respect to meteoric water in these non-polluted streams are 
approximately +9.5% at West Shasta and +7.5% near the Argo 
tunnel site. Since the 5'°Ogo:- values of sulphate in neutral 
waters shown in Fig. 2 are within the range of 6'*O values for 
acid mine water sulphate, processes other than simple mixing of 
streams and mine effluents are involved. Different sources of 
oxygen, rates and mechanisms of oxidation, variation in isotopic 
fractionations, and sites of activity of T. ferrooxidans or other 
sulphur-oxidizing microbes must be considered. 
-To.determine the isotopic composition of dissolved oxygen 
: during the oxidation of pyrite, we conducted experi- 
simila design to those of Lloyd'*. Lloyd determined 
) of cries of a Pe oxygen atmos- 








that moleculat oxygen ‘used i in sulphide oxidation i is depleted in 
180 relative to the initial atmospheric oxygen. In our experi- 
ments, sulphate rather than sulphite was the oxidized end prod- 
uct, and was isotopically heavier than predicted from Lloyd 
results. The kinetic isotope fractionation factor may be de 
mined by plotting the fraction of oxygen remaining (log scale) 
versus the change in isotopic composition of the oxygen (lincar: 
scale. This plot yields a straight line, the slope of which is the 
kinetic fractionation factor’. Of. course, this factor must reflect L 
the combined isotopic enrichments or depletions attending both ` 
reactions (2) and (3). From our experiments, the values for the 

kinetic fractionation of atmospheric oxygen during pyrite oxida- — 
tion are —4.6% for inorganic oxidation pathways, and —11.12% 
for oxidation facilitated by T. ferrooxidans. Thus, in natural. 

environments, pyrite oxidation could use molecular oxygen with © 
5'*Q=+18.4% via inorganic mechanisms (reactions (2) and 
(3)), and 6'°O = +11.8% in T. ferrooxidans-mediated processes 

(principally, reaction (3), by direct attack). 

A different set of experiments was designed to mimic the _ 
submersed conditions of flooded mines, and also the alternating 
wet/dry conditions of tailings piles or dumps. These experiments 
were open to the atmosphere and were run either sterile or 
innoculated with T. ferrooxidans. Submersed experiments 
yielded oxygen isotope enrichments of sulphate of +4.1 to` 
+6.240 relative to water under sterile conditions, and +8.9 ta” 
+10.9% when T. ferrooxidans was present. Alternating wet/dryg 
experiments produced isotopically heavier sulphate, with enrich- 
ments of +9,5 to +12.1% (sterile) and +17.6 to +18.1% (with. 
T. ferrooxidans). Both exposure of the pyrite to atmospheric 
oxygen during partial drying and the presence of T. ferrooxidans: 
resulted in a marked O enrichment of the sulphate. This is- 
most reasonably explained by facilitation of reaction (3). In the 
sterile experiments, this would happen by reducing the contact 
time of the water with pyrite, favouring reaction (3). T. fer-. 
rooxidans may directly attack pyrite, oxidizing it via a pathway 
analogous to reaction (3), thereby incorporating molecular oxy- 
gen in the sulphate. 

The natural variations of 5! Ose2- in Fig. 2 must reflect the 
incorporation of both water-derived and atmospheric oxygen. 
This could occur in different environments which would favour 
either reaction (1) or reaction (3). For example, where dissolved 
oxygen is increased in aerated environments, or where T) ferro- 
oxidans or similar microbes are present, reaction (3) may be 
favoured (that is, mediated), increasing the 6'°O of s sulphat 
formed by incorporation of isotopically heavy atmospheric ox} 
gen. Schwarcz and Cortecci*? suggested that the sulphate shanti 
contain approximately equal amounts of water and atmospheric.. 
oxygen. Considering reactions (1) and (3) as the principal oxida- ` 
tion pathways, the results of our experiments suggest that the . 
variations in ô "Osos in Fig. 2 may be modelled in terms of a — 
percentage contribution of these reactions to the total sulphate. - 
The percentage of sulphate formed via reaction (1), where all 
oxygen is derived from the water, is plotted in Fig. 2. The various 
contributions of reactions (1) and (3) are plotted against the 
isotopic enrichment of sulphate relative to water in Fig. 3, based 
on the results of experiments described above. Enrichments of 
3-5% in effluents from flooded mines (submersed environment) 
suggest inorganic oxidation of pyrite via reaction (1), with less 
than 10% of the sulphate oxygen derived from the atmosphere. 
Isotopic enrichments of sulphate up to 16% are compatible wi 
T. ferrooxidans-mediated oxidation of pyrite as the prima 
source of sulphate. Here, the contribution of molecular oxygeri 
to sulphate approaches 70%. Thus, the isotopic analysis of- 
sulphate and water may implicate the involvement of T. ferro. 
oxidans in the mediation of pyrite oxidation, and may be usef 
in monitoring the effectiveness of abatement pisespremes N desi : 
ned to mno bacterial okidanion, = 
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Reciprocal altruism refers to the exchange of beneficial acts 
` between individuals, in which the benefits to the recipient 
exceed the cost to the altruist. Theory predicts that cooperation 
-among unrelated animals can occur whenever individuals 
encounter each other regularly and are capable of- adjusting 
_ their cooperative behaviour according to experience". Although 
the potential for reciprocal altruism exists in many animal 
societies, most interactions. occur between closely related 
_ individuals, and examples of reciprocity among non-kin are 
rare”, The field experiments on vervet monkeys which we 
present here demonstrate that grooming between unrelated 
individuals increases the probability that they will subsequently 
nd to each others’ solicitations for aid. Vervets appear to 
be more willing to aid unrelated individuals if those individuals 
have behaved affinitively toward them in the recent past. In 
. contrast, recent grooming between close genetic relatives 
appears to have no effect on their willingness to respond to 
< each other’s solicitations for aid. _ 
Grooming is the most common form of affinitive behaviour 
in non-human primates, and occurs when one animal picks 
. through the fur of another, removing any ectoparasites found. 
. The formation of alliances, in which two individuals jointly direct 
- aggression against a third, is also common. In such Old World 
-= monkey species as baboons, macaques and vervets, where these 
- behaviours have been studied extensively, most grooming and 
alliances involve animals that are closely related through the 
~ material line (paternity is usually unknown). Their evolution 
s, therefore, partly been explained in terms of kin selection*”’. 
nilar affinitive interactions, however, also occur between non- 
= ftelatives. Such cooperative behaviour could establish long-term 
~ social bonds from which the individual could derive future 
> reciprocal benefit®°. Empirical evidence of reciprocal altruism, 
‘however; has thus far been limited to two studies of non-human 
— prim. tes, which have suggested that unrelated -animals often 
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Tablet Effect of grooming 


defined in text, and is measured in frames of film at 18 fps. 4 


pair of trials involving adult females in which the film in one trial wa’ 
too dark to permit accurate analysis, Spoken commentary made du 
7 MMC .. the trial,: } : 
the most alliances with those individuals who also support 

Other studies have suggested that grooming among _ 


reduced aggression’*”'*. Although there are data to sup 
hypothesis, no study has yet demonstrated a causal f 
between grooming and future cooperative behavior 
non-kin. Sa 
To test the hypothesis that grooming may increase the 
bility of future support in aggressive disputes, we design 
present experiment, using as our subjects adult female a 
juvenile members of three groups of free-ranging vervet mon 
keys (Cercopithecus aethiops) in Amboseli National Park 
Kenya. First, two individuals, A and B, were selected. fo 
matched pair of trials. We then made tape-recordings of 
vocalization used by animal A to solicit support from othe 
an alliance. This vocalization was then played near animal 
one of two conditions: either after A had groomed B or af 
a period of time when no grooming had occurred. Our aims 
to determine whether prior grooming increased the likelihood. 
that B would attend to A's solicitation, and hence to establish. 
whether grooming and alliances formed a reciprocal system of 































































interactions in vervet monkeys. a 
The vocalization used in playbacks was one given by vervets 
when threatening another individual and simultaneously solicit- 
ing support from those nearby!*, Previous observations showed | 
that this vocalization occurs in conjunction. with visual threat 
displays and is limited to circumstances when the vocalizer and 
its opponent are in visual contact: It is, therefore, unlikely that 
animal B would interpret the vocalization as directed against © 
itself. Instead, playback of animal A’s threat vocalization 
mimicked a situation in which A solicited B’s support in an. 
alliance. | S 
A’s vocalization was played to B at least 30, but not more 
than 90 min, after A had groomed B for at least 1 min. In the. 
control A’s vocalization was played to B after a period when: 
A had not groomed B during the previous 2h or more. The oe 
vocalization was played from a concealed speaker placed ata = 
mean distance of 7.7m from B (s.d.= 2.6). To ensure that 
playbacks mimicked vocalizations given in natural conditions, 
we conducted trials in bushy areas where vervets frequently 
vocalize when out of sight of one another. The speaker was 
always placed in an area where the vocalizer was likely to have = 
been at the time. All trials, however, were conducted when the 
vocalizer, was out of sight of the subject. To ensure further that 
the subject would not interpret playback as aggression directed 
against itself, we varied the speaker’s position so that it did not a 
always face animal B. Animal B was filmed for 10s before 
playback to establish the probability that it would look towards 








by subjects to playback of recruitment vocalization = 
Duration of response (5) -> 


by vocalizer on duration of responseshown 


wo Prior No prior. 
Voealizer Subject > grõoming grooming 
J PC J AF i, oer? "ee 
J AF J PC 1.0 1.1 
A TY J SN 94 0.6 
J SN A TY 6.8 1.3 
J HB J €c Ta 3.4 
J PC A AM 9.3 2.5 
A TY A NT 0.9 0 
Jo AO A CY 8.1 0.7 
J AO + Co 6.7 0.4 


Response was looking towards the speaker. Duration of looking 


individuals except CO are females; A = adult, J = juvenile (aged <4y: 
Two-tailed Wilcoxon test, n=9, T=1, P<0:01. Results exclude o 


al, however, indicated that duration of response after groomin 
er than after no prior grooming. If this pair of tria 


Q T= 1, P<0.01, o 
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Fig. 1 Means and standard deviations for responses of subjects 
to the recruitment vocalizations of kin and non-kin in the presence 
and absence of prior grooming by the vocalizers. Grooming by 
non-kin elevated the responses of subjects over those of kin as 
follows: non-kin after grooming versus kin after grooming, two- 
tailed Mann-Whitney U-test, n, = 10, n.=9, U = 12.5, P<0.05; 
non-kin after grooming versus kin after no grooming; U=21, 
P<0,10. Since cross-group comparison did not control for 
individuals, the Mann-Whitney U-test was used rather than the 
Wilcoxon matched-pairs signed ranks test. No other comparison 
across kin and non-kin groups were significant. See text for within- 
group comparisons. 


the speaker (or show any other response) in the absence of any 
call. Filming continued for an additional 10 s after the call had 
ended, Animal B’s willingness to attend to A’s solicitation was 
measured by the intensity of B’s response to A's vocalization. 
If grooming increased the probability of future support in 
aggressive disputes, we predicted that B’s response would be 
stronger when it had recently been groomed by A than when 
no grooming had recently occurred. We assumed that vervets 
recognize each others’ vocalizations individually, as an earlier 
study!® showed that mothers look towards screams of their 
offspring for significantly longer times than did unrelated 
- females. 

Long-term data on genetic relatedness through the maternal 
line were available for most of the vervet monkeys in the three 
social groups. We were therefore able to test for reciprocity 
both among pairs of kin (r= 1/4 through the maternal line) 


ae -and among pairs of non-kin (r< 1/8). Nine kin pairs and 10 


non-kin pairs served as subjects. Among non-kin, we controlled 
for dominance rank by taking an equal number of subjects who 
were dominant or subordinate to the animal whose call was 


a _ being played. In both groups, an equal number of subjects was 


tested first after grooming and first in the control condition, 
_ without prior grooming. Five individuals appeared as subjects 
. in both the kin and non-kin groups. Within each group, however, 
individuals appeared as subjects only once. Successive trials 
involving the same. subject were always separated by over 48 h. 
Films were analysed using a frame-by-frame editor, and were 
supplemented by commentary spoken into a tape recorder at 


e time of the experiment. To control for each subject’s 


behaviour at the time a trial was conducted, responses were 


defined in terms of the duration of a given behaviour in the 10 s 


fter playback minus the duration of the same behaviour in the 





Os before playback”. 

-= As in earlier experiments'°, subjects responded to playbacks 
by looking toward the speaker. When no prior grooming had 
occurred, the responses of kin were generally stronger than 
hose of non-kin, although not significantly so (Fig. 1). Prior 
rooming had no significant effect on the behaviour of kin, who 
sponded to each others’ solicitations for aid with similar 
y, regardless of recent affinitive interactions (two-tailed 











on test, n =9, one tie, T = 12, P> 0.10). Prior grooming © 





longer a’ 


re ig 


er grooming had occurred than when it had r 





1). The effect of prior grooming on the behaviour of non- 


was so marked that it often increased the responses of non-kin 
to a level above those shown by kin (Fig. 1). Thus amon 
non-kin, grooming of animal B by animal A significa 

increased the intensity of B’s response to A’s solicitation 








ism individuals must modify their behaviour depending 
has behaved altruistically toward them in the past” ai 





present results support the theory of reciprocal altruism, and - pE 


provide experimental evidence that one (but by no means the 


only) function of grooming among non-kin is to increase the 


responsiveness of others to the groomer’s subsequent solicita- 
tions for aid. The fact that playbacks elicited only looking = 
responses suggests, moreover, that, although groomin g may Ei 


increase the readiness of individuals to attend to each others’ ©. 
solicitations for support, actual physical involvement may cae 
depend on further assessment of the potential costs of interven- 
tion, such as the relative dominance ranks of the participants 
and the intensity of the dispute’ t”. 

There are several possible explanations for the behaviour of 
kin in these experiments. High rates of affinitive interactions 
among kin may reduce the extent to which an individual’s.. 
behaviour depends on interactions that have occurred in tl 
immediate past. Thus the occurrence or lack of a single groom 
bout may have little effect on relationships among kin 4. 
opposed to those among non-kin. Moreover, bonds forea 


among kin during infancy may have long-term consequences. a 


that override the effects of many subsequent social interactions. < 
Whatever the proximate mechanisms involved, kin selection — 
theory” predicts that an individual can increase its fitness byo- 


aiding its relatives regardless of whether prior altruistic : 


behaviour has occurred. This prediction is entirely consistent 
with our results presented here. 

The experiments described here provide support for the 
theory of reciprocal altruism by showing that a vervet monkey 
increases the likelihood that an unrelated individual! will attend 
to its solicitations for aid if it has behaved affinitively towards 
that individual in the recent past. In contrast, support from close 
genetic relatives appears to be relatively independent of recent 
affinitive interactions. 
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> The earliest known proboscidean remains have now been found 
_ ata new early Eocene locality at Brezina in southern Algeria 
- (El Kohol). These new finds, represented by complete skulls 
and postcranial material, show several unexpected derived 
\ characters shared with the modern representatives of the 
< Setephantoidea and the Deinotheriidae, suggesting close phylo- 
- / genetic affinities and demonstrating also the great antiquity of 
< \ the differentiation of modern proboscideans ‘in Africa. These 
remains have been dated by associated charophyte flora and 
vertebrate remains which constitute the oldest known vertebrate 
community from the African Eocene. 

The proboscidean remains are of an animal not exceeding a 
height of about 1 m, witha proportionally large head, and with 
graviportal limbs as in modern elephants. The skull is character- 

-ized by its considerable height, the presence of a conspicuous 
transversal frontomaxillary bulge, and an important pneumatiz- 
ation (Figs la, b, d and 2). The nasal opening is located at the 
anterior end of the skull. The orbit is in an anterior and low 
position; the occipital region is elevated. The orbit is largely 
confluent with the temporal fossa and bordered by a maxilla 
which extends upward and forward. It is limited posterodorsally 
by the postorbital apophysis of the frontal and ventrally by a 
zygomatic apophysis of the maxilla, the ventral face of which is 
excavated by a deep groove-like fossa. The latter extends from 

cc posterior part of the premaxilla to the level of M2. The 
mtacnrymal is not observable on the skull shown, but it has been 
observed on another specimen, although as a rule the sutures 
are obliterated. The temporal ridges start from the postorbital 
apophyses of the frontals, do not reach each other, and are 
continued rearward by powerful nuchal crests, The base of the 
` zygomatic arch bears a strong downward directed process. The 













CS Figi a, Skull (KAI-18) of the proboscidean from E] Kohol, in lateral view; there is no an | ahs 
3 > Of right premaxilla (KA X-16) showing upper I2 strongly developed. c, Rig t lower jaw (KA X-11) of the proboscidean from El Koho 


— lateral view, showing the strong development of the central incisor (12?), the di 
a nde ey _. Proboscidean from: El Kohol in anterior view (KAI 


"arch then extends obliquely upward to 


of the glenoid cavity (Fig. 2), The 
partially roofed by an apophysis of the sq 
the glenoid cavity. E 
The upper dentition is almost complete, F 
peared; 12 is the most developed of the three 
others are reduced (Fig. 1b). The canin 
comparable to that of 13. The upper and 
very similar to those of Barytherium grave 
but of definitely smaller size. 

On the lower jaw (Fig. 1c) there are only two inciso an 
no canine. The central incisors (12?) are sti ngly procumben 
and spatulate and 13 is reduced. The horizontal ramus of the 
mandible shows a long symphysis extending to the level of the 
P4. The ascending ramus is subvertical. Its anterior edge hides. 
the talonid of M3. ae 

The structure of the girdles shows that it js a fully terrestrial _ 
animal. The limb bones have many derived characters common. __ 
to both the Elephantoidea and the Deinotheriidae, associated 
with primitive characters such as the presence of an entepicondy- 
lian foramen on the humerus, a character hitherto unreported 
in a proboscidean. The forelimbs are extremely robust. The 
humerus and the bones of the forearm are of similar lengths. 
However, the femur is longer than the humerus and much longer 
than the tibia. The knee is thus in a very distal position. The 
astragalus and the calcaneum are nearly identical with those of 
Paleomastodon beadnelli (Andrews 1901), the earliest known 
Elephantoidea*. These resemblances provide crucial evidence. 
for considering this form as close to both the Elephantoidea 
and the Deinotheriidae. | . 

Many derived characters indicate that this form belongs. to 
the Proboscidea* and include: (1) the anterior position ‘of the 
orbit; (2) the strong development of I2; (3) the high position 
of the external auditory duct and the glenoid cavity; (4) the 
partial closure of the external auditory duct by a post-tympani¢ 
apophysis of the squamosal; (5) the absence of a condylian 
foramen; (6) the general shape and structure of the astragalus. 

The order Proboscidea also includes more primitive groups 
characteristic of the late Eocene and Oligocene of Africa, rep- 
resented by the genera Moeritherium and Barytherium 
(Andrews 1901)!-35_ Moeritherium shares some. primitiye 
features with the new Algerian form: (1) a comparable dental 
formula; (2) the morphology of the cheek teeth; (3) the slope 
of the palate and of the premaxilla, 

However, the Algerian form differs from Moeritherium by 
such derived characters as the elevation and the pneumatization 
of the skull and the presence of a transversal frontomaxillary 
bulge, while Moeritheritum exhibits a number of other derived 
features suggesting an adaptation to a semi-aquatic life, 

The Algerian form resembles Barytherium grave (Andrews 
1901) in molar structure and the weak molarization of its 
premolars. However, the many observable differences between 
these two forms seem to preclude a direct ancestor-descendant 
relationship. In particular, the deep submaxillary fossa described 
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terior tooth preserved on that skull. b, Fragmet 





st 





a and the cheek teeth. P2 is missing. d, Skull of 
8. (photos C. Abrial). 3 


















of this species is insufficient to allow an accurate determination 
of its relationships with the form from Brezina. Several 











Fig. 2. a, Skull in lateral view. b, Skull in ventral view (drawings 
by D. Visset). 
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( sed phylogenetic relationships between the groups > ooe 
star represents the new proboscidean from El ` * perm: 


phology. On the basis of the very incomplete available data an 
ancestor—descendant relationship cannot be excluded. 

The new Algerian form exhibits some derived characters) 
shared in particular with the modern Proboscidea, that i i 
Elephantoidea and the Deinotheriidae, which suggest a: 
relationship. These are: (1) structure of the astragalus 





calcaneum; (2) elevation and pneumatization of the skull, (S 

ulna larger than radius; (4) radius fixed in a pronating position; 

(5) antero-posterior flattening and elongation of the femur. — 
However, the occurrence of a deep submaxillary fossa, which _ 

is an autapomorphic feature, rules out the ¿possibility that this- 

form is a direct ancestor of the Elephantoidea-Deinotheriidae 

group. Nevertheless, it does appear as a potential sister-group 

of the modern Proboscidea. These new data demonstrate the ee 

great antiquity of proboscidean differentiation in Africa (Fig. 3). 
The flora is represented by calcified charophyte gyrogonites, — os 

referred by M. Feist-Castel (USTL, Montpellier) to two species k 

of the genus Nitellopsis: N. (T) dutemplei (Watelet) and N. (T.) 

aff. thaleri (Castel and Grambast). The former is known from 

Sparnacian and Cuisian rocks of France, the latter from Cuisian 

and Lutetian beds of southern France and Spain. On the basis ~. 

of these palaeobotanical data, a Cuisian, that is, late early. 

Eocene age, can be suggested. og 
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Metastasis is a complex process whereby tumour cells from a 
primary neoplastic growth disseminate throughout the body an 

establish secondary tumour foci in distant organs. Biochemical — 
traits associated with, or essential for, the expression of the | 
metastatic phenotype have not yet been identified’”. In the 
course of examining stimulation of the B16 murine melanoma — 
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M limited metastatic abilities eiin to the same pea 
with only a two- to threefold increase in cellular cyclic AMP. 





b ochemical pathways that are responsible for the formation of 
perimental metastasis by the B16 melanoma. 
-B16 clones were isolated and cultured in vitro as described 
previously”, Challenge with MSH or forskolin and measure- 
ent of cellular cyclic AMP was performed as described in 
able 1 legend. MSH binds to specific cell-surface receptors 
that are coupled via a regulatory protein(s) to adenylate cyclase”. 
In-contrast, forskolin interacts with the catalytic subunit of the 
adenylate cyclase!” '', although it may also have other sites of 
action'*. In both cases, however, adenylate cyclase is activated 
-and cyclic AMP formation is initiated. Both MSH and forskolin 
Stimulate cyclic AMP accumulation in B16 melanoma clones 
_. But the magnitude of the response varied significantly among 
the different clones (Table 1). For example, clones F10-C52, 
-= F10-C1 and F1-C16 respond to MSH (1 4M) challenge with 
-- -78-, 49- and 3-fold increases in cellular. cyclic AMP levels 
. respectively. Similar clonal heterogeneity was detected in 
_ response to forskolin challenge (Table 1). An investigation of 
= the kinetics of cyclic AMP accumulation indicated that the 
. _\imited response of certain clones (for example F1-C14) to 
“er MSH or forskolin could not be attributed toa lag in cyclic 
-P formation since in each case cyclic AMP accumulation in 
~e-Tesponsive clones attained a maximum value 10-30 min 
‘nowing challenge (Fig, 1). 
-a ‘To assess metastatic potential, replicate cultures of each B16 
__. “lone were injected i.v. into mice and 3 weeks later the number 
-~ of pulmonary tumour colonies was estimated. This is referred 
to as experimental metastasis and although it does not encom- 
_ pass all the stages of the metastatic cascade the assay does 
-= provide a relatively rapid assessment of metastatic capacity that 
has been shown for the B16 melanoma to correlate well with 
the ability of B16 tumour cell variants to metastasize from a 
_. subcutaneous site (‘spontaneous metastasis’)’. It should be 
-> emphasized that for reasons discussed above and elsewhere®!* 
the biological (experimental metastasis) and biochemical (hor- 
monal challenge) assays were performed on the same day. Three 
B16 clones that responded minimally to MSH or forskolin 
displayed low metastatic potential. In striking contrast, four B16 
clanes that accumulated much higher levels of cellular cyclic 
MP formed multiple pulmonary colonies, indicating that these 
s had a high metastatic capacity (Table 1). In total, over 
30 B16 clones of differing metastatic potential have been studied. 















































‘that their response to MSH or forskolin challenge in vitro 
is predictive of their metastatic capacity in vivo. Additional 
< experiments have shown that the differences in metastatic poten- 
tial are not related to growth rate in vivo, cell size or 


, oie of B16 Aeaona ae to 


3 Table 1 Correlation beween cyclic AMP accu 


{not all data are shown here) and in each case we have found 


eae of Lessee) ioe not- Senn): Cape these Í 


f er. an in vitro assay for- predicting _ cellular subpopulations with high and low metastatic properties 














to forskolin and MSH challenge and formation 
metastasis by B16 melanoma clones 











Fold stimulation of basal cellular cyclic AMP 


=en 









50 uM forskolin 



















B16 clone (no. expts) 1 pM MSH ange) 
F10-C1 3244 (5) 4949 (3)  >300 °° 
F1-C5 31+15 (3) 73+14 (2) 130 (x 
F10-C23 35 +3 (6) 55+ 6 (6) 5 
F10-C52 36+ 8 (2) 

F1-C14 = 21 (6)* E 

F1-C16 3% 1.(4)* 3+1 (4) 

F1-C29 3 1 (2)* 2+1.(3) 










Confluent cultures of B16 melanoma clonės were. collected with 
trypsin (0.25%) and EDTA (0.25%) as described elsewhere". Cells 
were seeded into 24-well plates at 10° cells per well in 1.0 ml of 
Dulbecco’s modified Eagle’s medium supplemented with 10% fetal calf — 
as Following a 18-24 h incubation in a humified chamber containing = 

5% CO, the cultures were rinsed twice with 0.5 ml Dulbecco's phos 
phate- -buffered saline (PBS). Forskolin (50 pM) or MSH (1 pM} were | 
added in PBS and the cells incubated at 37 °C. These culture conditions 
are optimal and must be followed exactly in order to maximize the 
differences in hormonal responsiveness displayed by the B16 clones. 

The culture medium was aspirated and the cells treated with cold (4 °C). 
HCIO, (0.7 M). This solution was neutralized with KCO, (0.35 M} 
and centrifuged (2,000 r.p.m. for 2min) to remove precipitate. The 
cyclic AMP in the supernatant was. measured by radioimmunoassay as 
previously described'*. Cellular protein was determined by the method 
of Lowry etal’. The average fold (+s.e.m.) stimulation of basal cyclic 
AMP level following exposure to forskolin (10 min) or MSH (30 min) 
is shown. The basal level of cyclic AMP was approximately 18 pmol 
per mg protein for cach B16 clone tested. Forskolin was purchased 
from Calbiochem (Irvine, California). Formation of experimental meta- 
stasis by the same clones was determined by injecting replicate cultures 
collected on the same day into C57BL/6 mice (10° cells iiv). The 
number of lung colonies was determined 18-21 days later. The data 
are expressed as the median value and range of lung colonies observed 
in at least five mice. 

* To eliminate the possibility that certain B16 melanoma clones (such: 
as F1-C14, F1-C16.and F1-C29) which, when challenged with forskolin 
(50 uM) displayed only marginal stimulation of cyclic AMP accumula: 
tion, possessed a functional adenylate cyclase, cultures of these clones = 
or membrane preparations derived from them were challenged with © 
higher concentrations of forskolin (100-300 uM). In these modified 
conditions, significant production of cyclic AMP was observed, indicating 
that these clones did possess an activatable adenylate cyclase. Moreover, 
inclusion of the phosphodiesterase inhibitor Ro 20-1724 (10M) 
dramatically enhanced the accumulation of cyclic AMP when these same 
clones were challenged with forskolin (50 uM) (data not shown). sah 











metastatic PARE DS during serial passaging of clones m i 
culture” 

Cyclic AMP influences’ a variety of cellular. functions! "aad 
its role in regulating cell growth and the expression of various 
cellular characteristics has attracted considerable interest. Of 
particular relevance to the present study is evidence showing 
that Rous sarcoma virus-transformed avian cells exhibit exag 
gerated responses to a variety of agonists (prostaglandin E 
purinergic and B-adrenergic) that mediate their effects by stim 
lating cellular synthesis of cyclic AMp!?>!®, 

Niles and Makarski'’, in studies using polyclonal B 
melanoma lines of low (B16-F1) and high (B16-F10) meta: 
abilities, found that high metastatic potential was asso 
with diminished responsiveness to MSH in vitro'’. This 
reverse of the response observed in the present study. But 
subsequent study using clonal cultures, the same laboratory 
reported that, in contradiction to their earlier results, high 
metastatic potential was correlated with enhanced responsive 
ness to MSH", a result consistent with the data presented her 
Since heterogeneous polyclonal B16 cell lines were used in th 
initial studies by Niles and Makarski, changes in the balance 
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: Fig. L Kines of cyclic AMP formation in B16 clones chiilleaged with a, 1 uM MSH and. b, $0. aM forskolin. Replicate cultures of each 
i RIG clone | were D cii to either MSH or forskolin for the time periods indicated and cyclic AMP. nyed as described in Table 1 Jegend. 
} Note that the ordinate scales in a and 6 are different. -_ 





Table 2 Correlation between instability of B16 metastatic phenotype 
in prolonged culture and responsiveness to forskolin challenge 





Median no. of 









































experimental 
Response to metastases 
B16 clone Passage no. forskolin (range) 
Fi-Ci4 3 21 5 (0-8) 
12 2+1 4 (1-6) 
20 145 51 (35-66) 
25 123 66 (49-73) 
28 21+6 76 (45-89) 
F1-C16 3 321 0 (0-3) 
22 20+ 10 90 (68-102) 





B16 clones were isolated and maintained. in vitro as described in the 

text. Cultures. were passed twice weekly and replicates tested at the 
_ indicated passage - for experimental metastatic capacity in vito (as 
described in Table 1 legend) and for forskolin responsiveness in vitro 
< (the fold increase over the basal cellular cyclic AMP [+s.e.m.] after 
1 expire | to 750 ORM k forskolin for 10 min), 


t their disparate results. The inconclusive. nature of these 
ndings'’'* emphasizes the value of using clonal cultures in 
uch the metastatic phenotype is defined in any attempt to 
ermine the biochemical correlates of metastatic behaviour. 

The molecular mechanism(s) accounting for the B16 clonal 
iation in arara to MSH « or forskolin: are unknown butt two 





_ Note added in proof: To. test the generality of. these Tidi w 


ation among the. K1736 clones in their responsiveness to f 
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environment encountered during the formation of seconda 
tumours. Cellular responsiveness to a stimulus that activ 
cyclic nucleotide metabolism could. provide a- mechar 
whereby tumour cells could implement protective biochen 
processes that facilitate their survival in the face of a wide faupo— 
of potentially injurious assaults. in much the same way the: 
‘heat-shock’ proteins can be induced by a variety of physical: 
and chemical insults*’. Intracellular parasites“ L and infectious 
agents?™™” display protective responses in mammalian hosts by. 
mechanisms that promote cyclic AMP synthesis. Moreover, the 
proposed role of. cyclic AMP. as a metabolic stress signal in 
prokaryotic” and eukaryotic? cells, where it directly partici- 
pates in the control of gene expression’®, invites speculation. 
that cyclic AMP might serve a similar function in the survival, 
of metastatic tumour cells. a 
We thank Jo Ann Cavallaro and Marcy Hughes for assistan 2 
in typing the manuscript. 












we have recently completed a survey of.a series of clones deriv 
from the highly i invasive BL6* *8 (a subline of the B16 tum 
and a murine melanoma of more recent origin, the K147 
Data from the BL6 clones are consistent with the corre 
reported above. However, although there was significan 





skolin and MSH and in their ability to form pulmonary tumour. 
nodules when injected i.v., there was no detectable correlation, 
between cyclic AMP accumulation and metastatic potential. ~~ 
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on to inhibit the recognition of soluble antigens by T 
< lymphocytes using antibodies specific for the antigen in question 
have been uniformally unsuccessful, in contrast to the observed 
specific inhibition of antibody generation by B cells’. One 
exception is the unique situation whereby anti-hapten antisera 
-inhibit the T-cell proliferative responses observed when hapten- 
specific T lymphocytes*”* or clones* are cultured with hapten- 
_.. derivatized cells or proteins. The inability to inhibit T-cell 
functions by antigen-specific antibodies has been interpreted in 
several ways: (1) T cells possess a different repertoire from B 
cells; (2) the antibodies tested recognize epitopes present on 
_.. the native antigen, whereas T cells recognize non-native (pro- 
cessed) structures; (3) the antigenic determinant(s) recognized 

_ by T cells on the surface of antigen presenting. cells are either 





nof accessible to antibodies, or are present in low amounts’. 


The development of antigen-specific T-cell clones and mono- 
clonal antibodies both specific for the same antigenic deter- 
_ minants now allows this question to be investigated definitively. 
~ ‘Here, we report for the first time the specific inhibition of 
utigen-induced T-cell clone proliferation by a monoclonal 
ody directed against the relevant soluble protein antigen. 
“The derivation of apo-cytochrome c specific murine T-cell 
clones has been described elsewhere”. Clone 2-16 is a Lyt-1727 


























T-cell clone of BALB/c origin which is stimulated to proliferate - 


a by a variety of beef apo-cytochrome c peptides (but not haem- 
< containing peptides), including one consisting of amino acids 
11-25 of the cytochrome c molecule. Detailed studies on the 


10lecule*. Clone 1-46 has a different antigen specificity from 
clone 2-16, since it is stimulated by haem-containing peptide 
1-65 and apo-peptide 1-65, but the exact site recognized by 
this clone is unknown’. Clone 12-A3, derived from a SJL mouse, 
-is specific for apo-peptide 1-65 but not for haem-containing 
tide 1-65, and thus is thought to possess a similar specificity 
one 2-16. 

monoclonal antibody (SJL 2-4; IgG2b) was derived from 
mice immunized with beef apo-cytochrome c. It binds to 
peptide 11-25 and 23-104 and thus is thought to recognize a 
deterr P sels if not identical, to that seen soe cione 2-16. 





antigenic specificity of this clone indicate that the actual segment _ 
1 ecognized is located at residues 22-25 of the cytochrome c- 


_ MBL-2.9 is a Moloney-MuLV-derived C57BL/6 lymphoma which is lysed spec 
-cally by clone MCH-14. It is irradiated (7,000 rads) when used as a source 


__ Leishmania tropica specific non-cytolytic CBA T-cell clone derived from in biir 


vates specifically | in vitro when stimulated with freeze-thawed L. tropica parasites 


Table 1 Inhibition of apo-cytochrome. g ind ‘at 
the addition of an ao beeen €. monoclonal antibody 


rr creer nearer rerea ea n MPAA AARNE a Ref Ret mt Hemi mS 


Monoclonal 
Antigen antibody 
(ugml') (pgm?) Clone 2-16 
Expt 1 
10 
10 
10 0.3+0.1 (100) 
10 W0) 0.2+6.0 (100) 
50 8540.8 
50 4.8+0.6 (44) 
50 3.10.9 Ea 
50 0.3+0.2 (100) 99): 
200 63404 | 6.140.5 12. 240.6. 
200 30 4.2#0.4 {33) 7.0+0.4 (0) 9.820.4 (20) T 
200 1 5.0£0:6 (20) 8.7401 (0) EL 6£0.8: (5). 
0.5+0.2 (95) 5.6+0.1 (8) 1.840.7.(90) >: 
— _— 0.7+0.1 ND 0.40.2. 
20 , maer 30.2 +4,4 ND LSO.. 
20 100 2.5+1.8 (92) ND 2.64:0.3:(80) 
20 300 0.20.4} (100) ND (EETAS (100) 





Monoclonal. antibodies (SJL 2-4; IgG2b) specific for apo-cytochrome ¢ wie 
purified by ammonium sulphate precipitation followed by affinity chromatography- 
overran apo-cytochrome ¢-immunoabsorbant column. BALB/c T-cell clones 2-16, ER 
1-46 and SJL T-cell clone 12-A3 (10° cells per 0.2 ml) were cultured with 5X107 
irradiated (2,000 rad) syngeneic spleen cells and the indicated concentrations of 
apo-cytochrome c antigen and monoclonal antibodies, Cultures were pulsed after = 
48h with 1 wCi “H-thymidine for 16h. The results represent the mean s.d: for 
triplicate cultures. Values given in parentheses represent the per cent inhibition 
af antigen-specific proliferation as compared with cultures in the absence. of 
monoclonal antibodies. ND, not determined. 


of clones 2-16 and 12-A3 in a dose-dependent fashion. 
However, proliferation of clone 1-46 was not inhibited by the 
same concentrations of SJL 2-4 antibody. These results indicate 
that the inhibition is specific and not due to an inherent non- 
specific toxic effect of the antibody preparation, nor to inhibition 
by the mere presence of antigen-antibody complexes. These 


Table 2 Non-related T-cell clone proliferation is not inhibited by anti-apo- 
cytochrome c monoclonal antibodies 


smetnLameyundah oes inaanak aia soba nianna raa hinana ekpintas aaa anaa a 



















Monoclonal 
i antibody T-cell 
< P-cell clone SJL 2-4 proliferation . 
cultured ature (uem)  (e.p.m. x 107 H 
Expt y {Anti-M- MuLV) | . 
Clone MCH-14 — “ 0.1+0.1 
oon 7 MBL-2.9 — H20. 
Clone MCH-14 MBL-2.9 = 3.0204 as 
Clone MCH-14 MBL-2.9 300 | 3.42017. .:° 
Expt 2 (Anti-L. tropica), ae 
ee OL, tropica one 2.3203 
Clone JH27.6.1 L. tropica.. mem 34.7 41.2 
Clone JH27.6.1. . L. tropica — 28.3219 
$ _ tapo-beef i 
Clone JH27.6.1 L: tropica 300 20.1 £2.0 
Clone JH27.6.1. L. tropica 300 23.5 +2.44 
_ +apo-beef 


The proliferation assay was. performed as for Table 1. Expt 1: MCH- 14 j j 
Lyt-17 2” Moloney murine leukaemia virus (M-MuL V) specific CS7BL/6 cytoly 
T-cell clone derived from a regressor mouse by micromanipulation technique 


antigen in cultures (3 10* per 0.2 ml), together with irradiated (2,000 rad 
syngeneic spleen cells (1X 10° per 0.2 ml). Expt 2: JH27.6.1 is a Lyt-1" 
cultured immune lymph node cells by micromanipulation techniques”. It. prolif af 


erQ.2 ml) as a source of antigen, together with 1 x 10° irradiated (2,000 rad 
teer cells: as a source of f accessory cells. The concentration 2 if apo- bey 
+k: tmi x 2 : 







rop 











~“ When irradiated spleen cells were ‘pulsed’ with beef apo- 
cytochrome c before subsequent cùlture with the T-cell clone 
2-16 and the SJL 2-4 monoclonal antibody (Table 3), a similar 


* 


dose-dependent inhibition of antigen-induced proliferation was 












observed. These results suggest that the inhibition was not due 
to an impairment of the uptake and/or appropriate processing 
of the apo-cytochrome c molecules. The SJL 2-4 antibody also 
inhibited the antigen-induced proliferation of two additional 
¿long-term T-cell lines and three clones (of both BALB/c and 










= $JL origin) which are specific for the apo-1-38 fragment of the 

_ cytochrome c molecule (data not shown). Since the monoclonal 

antibody was generated by immunization of SJL mice, these 

= results suggest that a similar cytochrome c peptide is generated 

during antigen. processing in both SJL and BALB/c strains of 
mice. 





mee maa Aaen aaa Atte Aer tN LA te ANA A 


Apo-cytochrome € 

used to pulse 
spleen cells antibodies 
(yg ml") (ug mi” *) (c.p.m. x 107°) 


500 ~~ 2.2+0.2 
50 0.90.1 (59) 
100 0.4+0.4 (190) 
300 0.3+060.1 (100) 


2,000 oe 6.0+1.0 
50 §.5+0.2 (9) 
100 6.52.0.7 (0) 
300 0.8+0.1 (87) 


Monoclonal Proliferation of 


clone 2-16 


Expt I 


Expt 2 500 == §.940.3 
300 0.8+0.1 (93) 


a 

Irradiated (2,000 rad) BALB/c spleen cells (16°) were incubated for 2h with 

` different concentrations of apo-cytochrome c and washed four times with medium 

before the addition of 10° T-cell clone 2-16. Purified SJL 2-4 monoclonal anti- 

bodies were used as described in Table 1 legend. The proliferation of control 

cultures in the absence of added apo-cytochrome c was 400 c.p.m. Values in 
parentheses represent the per cent inhibition of T-cell clone proliferation. 


Thus, it should now be feasible to purify and elucidate the 
=> biochemical structure of the defined antigenic determinant pre~ 
>” sented on the macrophage cell surface which subsequently stimu- 
~ lates antigen-specific T-cell clones to proliferate and secrete 
o lymphokines. 
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It has been suggested that the failure of parthenogenetic mouse : 
embryos to develop to term is primarily due to their aberrant 
ive lethal genes’. The reported birth of homozygous gynogenetic a 
(male pronucleus rem | 


oved from egg after fertilization) mice ae 
and of animals following transplantation of nuclei from _ 
parthenogenetic embryos to enucleated fertilized eggs aise 
indicative of abnormal cytoplasm and not an abnormal genotype... 
of the activated eggs. However, we* and others™® have been — 
unable to obtain such homozygous mice. We investigated this 
problem further by using reconstituted heterozygous eggs, with 
haploid parthenogenetic eggs as recipients for a male or female -> 
pronucleus. We report here that the eggs which receive a male _ 
pronucleus develop to term but those with two female proaw 
develop only poorly after implantation. Therefore, the cy 
plasm of activated eggs is fully competent to support devel ee i 
ment to term but not if the genome is entirely of mat aig q es 
origin. We propose that specific imprinting of the genome occurs — 
during gametogenesis so that the presence of both a male and 
a female pronucieus is essential in an egg for full-term develop- 
ment. The paternal imprinting of the genome appears necessary g: 
for the normal development of the extraembryonic membranes | 
and the trophoblast. 
Eggs from (C57BL/6J xXCBA/Ca)F, females (henceforth 
called F,) were activated and the haploid parthenogenetic eggs 
selected at about 5h post-activation to serve as recipient eggs a 
for either a male or a female pronucleus taken from fertilized 
eggs (see Table 1). The donor male pronuclei were obtained 
from F,9 x MF1¢ eggs and the female pronuclei from MFI? x 
Fig eggs or F)2X MF1d eggs. Reconstituted eggs with two. 
distinct pronuclei were cultured overnight, when all of them. 
cleaved to the two-cell stage. These embryos were transferred 
to the right oviducts and control MFI xMF1 embryos to the 
left oviducts of day 1 MF1 pseudopregnant mice (day 1=day.. 
of vaginal plug). Hoes 
The first series of experiments produced, at day 15, 
normal embryos from five haploid eggs reconstituted \ 
male MF1 pronucleus. By contrast, in 29 reconstituted hay : 
eggs into which a second female MF 1 pronucleus was introduc ap af 
15 embryos implanted after transfer of the eggs but all the. 
implantation sites were resorbing without any detectable embry- > 
onic derivatives. Therefore, all of the former. type of recon-. | 
stituted eggs were allowed to proceed to term (day 19-20 of © 
pregnancy) while the rest were examined on day 10 of pregnancy 
to assess the cause of their failure to develop. Day 10 of — 
pregnancy was chosen from our previous experience of develop- E 
ment of gynogenetic* and parthenogenetic’ embryos which — 
deteriorate after this time. ; 
The results show that introduction of a male MF1 pronucleus 
can rescue parthenogenetic haploid eggs, with nearly 38% of. 
them reaching term but a female F, or MF1 pronucleus is una 
to do so (see Table 1). However, between 50 and 79% of thy 
latter implanted, which shows that most of them had at least — 
developed to the blastocyst stage, but all the decidual swellings 
at day 10 were about half the volume of their normal controls 
whether or not they contained embryos. The few embr 
present were small or retarded with poor extraembryonic mi 

























branes and trophoblast. The most advanced embryo was perfectl yo 
tit was very small; for a brief description of other- 


eo G 

























tl able 1- ‘Development of haploid activated eggs reconstituted with a male or a female pronucle 





No. of eggs 
a nen eee h 
. Transferred to 












































With fused recipients that 
karyoplasts/ became pregnant/ o 
(pe of reco total operated total transferred Implanted Normal 
1) Pa+A 30/65 24/30 es 9 Live young 
-(2) Pn+Gk MFI 57/96 48/57 38 0 h 
(3) Pn+Gk F, | 38/73 24/38 12 Q 
(4) Pn+Pnk 15/22 7/15 7 7 ee 
(5) Unoperated fertilized a | : a urate 
“o MFLX MFI | ee as 106/162 88 65 4 ee 






Cumulus masses containing unfertilized eggs were recovered 16.5-17.0h after an injection of 5IU human c 
nimals which had been injected previously with 5 IU pregnant mare's serum (48 h before injection of HCG) to in 
cells were dispersed by incubation in 300 IU ml”? hyaluronidase (ovine 
(BSA) for 3-5 min at 37°C. Eggs were activated by culture at room 
‘washed 6-9 times in M16 plus 0.4% BSA*?! and cultured in this mediu r. 
body was extruded and a single pronucleus was detected after ~5 h in 70-90% of the parthenogenetic activated eggs. Fertilized eggs were obtained 
at the same time from F,? x MF1¢ and MF19 xF,d matings. The transfer of donor pronuclei from fertilized eggs to haploid parthenogenetic eggs. 
Was carried out on a Leitz micromanipulator” essentially as described previously”? 7 31+ | 
-< containing the cytoskeletal inhibitors cytochalasin D and Nocodazole (Sigma) at a final concentration of 1 yg ml” and 0.05 pg ml respectively, 
“dissolved in 1.5 yul dimethyl sulphoxide. After 30-45 min at 37 °C, the eggs wer 

_ bevelled needle, donor pronuclei were drawn into the needle and the memb 
= approximately 6 pl of 8-propiolactone-inactivated Sendai virus**5 (3,000 ha 
< were then gently released into the perivitelline space underneath 

























arance of two pronuclei inside the recipient egg. The a 
A fa eggs were separated from the haploid ones with unfused karyoplasts, washed nine 
| Himes in equilibrated M16 plus 0.4% BSA and cultured overnight in this medium at 37°C in 5%. CO, in air under paraffin oil. The following. 
‘morning all the eggs had cleaved, and they were transferred to the oviducts of day 1 MFI outbred albino pseudopregnant mice. : 
Pn (parthenogenone) were used as recipients for. a male pronucleus, Ak MF1, from F g8 xMFig 
eggs (1). The haploid eggs were also used as recipients for a female pronucleus, Gk MFI, from MFI? x F,¢ eggs (2), or Gk F p from F, 2 XMFI1¢ 
eggs (3). In a few haploid eggs, a second pronucleus from activated eggs, Pak, was introduced (4). 

= The F, animals are non-albino, homozygous for glucose phosphate isomerase (GPI bb) while the MF1 are outbred albino (GPI aa). The live 
. — young and the other experimental and control embryos were typed for GPI”. The live young (1) and the experimental embryos in (2) were GPI ab, 
the experimental embryos in (3) were GPI bb and the controls (5) were GPI aa. All the embryos were examined on day 10 of pregnancy apart 
© from those in group (1) which were allowed to go to term. | 


+ Five females and four males were obtained. All the animals have now reached adulthood and they have bred normally. 





`- Carry-over of a small amount of fertilized egg cytoplasm 
(2~5% of the total egg volume) and plasma membrane cannot. 
account for these results as it occurred to an equal degree in 
both male and female pronuclei. It is unlikely that a specific 
cytoplasmic region from fertilized eggs was included with the 
male pronucleus because the site of sperm entry into the egg is 
random and the pronuclei migrate continuously from the 
phery to the centre of the egg. We cannot exclude entirely 
ssible transfer of specific extragenetic components closely 
~ associated with the male pronucleus. However, when the eggs 
» are introduced into the cytoskeletal inhibitors before microm- 
< anipulation (see Table 1), they lose their rigidity, becoming 
- more ‘fluid’ so that considerable mixing of the cytoplasmic 
~ contents occurs during the extraction of the donor pronuclei. 
< Furthermore, we have not obtained development of activated 
eggs to term by introducing cytoplasm from fertilized eggs a oe | 2 
unpublished observations), nor of diploid gynogenones* and, -H the primary defect in embryos having the maternal genotype 
from preliminary results, of heterozygous gynogenetic embryos. is in the extraembryonic ‘membranes, this may explain the 
Taken together, the results on the rescue of Pparthenogenones apparent discrepancy between the ability of these embryonic 
by a male pronucleus do not support the notion that the cyto- — cells to proliferate and differentiate in ectopic sites!®!7 and 
plasm of activated eggs is aberrant23. The failure of development —_chimaeras*!8, and their poor development when relying on their: 
to term of heterozygous reconstituted eggs having two female 
~ pronuclei also does not support the contention that homozygos- 
Wy is a primary cause of the death of gynogenones* and 
thenogenones'**”*. Although a male and a female pronu- 
_ Xüs are presumably equivalent in their genetic contribution to 


There is good evidence for paternal imprinting of the mouse 
genome and some paternal ; 
two-cell stage, so 
trophoblast of female embryos, the paternal X chromosome is = 
preferentially inactivated'*"'?, There are conflicting resultson 
X-inactivation in these tissues in parthenogenetic embryos tt aiee | 
but variable X-inactivation. has | 
their poor development’, In addition, studies on DDK mutant 
mice suggest that the cytoplasm of eggs from this strain of 

_ Mice cannot activate some specific paternal genes from alien 
males, essential for the development of embryos after im- 
plantation and especially for the normal development of ‘the 
trophoblast’, On the basis of these results, reconstituted eggs 






































likely to be affected in a similar way, which they apparently 




















25% of the parthenogenetic embryos 









the embryo, the crucial difference lies in their Origin as the 
former is derived after spermatogenesis and the latter after 
oogenesis. We propose that Specific imprinting of the paternal 

d maternal genomes occurs during gametogenesis, which is 
perhaps why both of them are required in an egg for full-term 


















of development but deteriorate rapi | 
S.C.B. and M.A.HLS., unpublished). This is perhaps not surpris 
ing as the embryo increasingly relies on the extraembryo 

tissue for nutrition, which develops particularly poorly in: th 



























Fig. 1 Two embryos obtained on day 10 of pregnancy (scale bai, 
0.5mm): a, control MFLX MFI embryo (GPI aa); b, the most 
advanced embryo obtained from a reconstituted parthenogenetic 
haploid egg with an MF1 female pronucleus (GPI ab). Their corre- 
sponding trophoblasts (TP, mural trophoblast and ectoplacental 
cone) and yolk sacs (YS) are shown directly underneath the 
embryos at a reduced magnification (scale bar, 0.5mm). The 
experimental embryo, apart from its small size, was apparently 
normal, with about 25 somites and a beating heart. Note the greatly 
reduced trophoblast tissue obtained with the experimental embryo. 
Nine live-born non-albino mice (GPI ab) were obtained from 
reconstituted haploid parthenogenetic F; eggs (GPI 6) with an 
MFI male pronucleus (GPl a) (see Table 1). All the embryos 
resulting from the reconstituted eggs with a female F, or MFI 
pronucleus were cramped inside tiny yolk sacs and surrounded by 
very sparse trophoblast. There were two 20~25-somite embryos, 
three [5-somite embryos and three 6-8-somite embryos. All the 
embryos were less than half the volume of their normal controls 
of comparable somite stage, and all in very deficient membranes. 
There were two very abnormal embryos (one tail part only, one 
contorted deteriorating neural tissue), and a further 14 tiny yolk 
sac vesicles, often with a prominent Reichert’s membrane. The 
remaining 26 implantation sites contained no embryonic deriva- 
tives, 





















Our results are in contrast to the reported birth of gynogenetic 
and parthenogenetic mice“. One explanation could be that in 
rare cases enough trophoblast develops to carry the embryos 
-to term. Incomplete enucleation of some eggs also apparently 
- occurred in previous studies” but whether this permits sufficient 
participation by the paternal genome to ensure development to 
term is unknown. Nevertheless, our studies suggest that specific 
imprinting of the genome during gametogenesis is essential for 
full-term development in the mouse. At some point during 
embryonic development and formation of primordial germ cells, 
previous influences on the genome are presumably lost and new 
ones initiated during the production of gametes.’ 

-We thank Catharine Adams and Dr B. Mahy for their con- 
siderable help during this study. 





. véd 5 December 1983, accepted 27 February 1984. 


hai € F. Biol. Rev. 49, 399-422 (1974) 
seč Ka Pri e. notin, Acad, Sci, USA. 74, 5657-5661 (1977). 
vee. Č. m Ra Sei. USA. 79, 1912 -1916 (1982), 


; MAH 5 G97). 

$, Sahe. M. A. H, Briat: S. C: & Kasiman. M H. Nature 270, 601-603 GIH. 

9. Sawicki, J. A. Magnuson, T. & Epstein, C. J. Nature 294, 450-451 (1981). 

1G. West, J. D., Frels, W. L, Chapman, V. M. & Papaioannou, V. E. Cel 12, 873-882 NCES 

ti Takagi, N.. Wake, N, & Sasaki, M. Cytogenet, Cell Genet. 20, 240-248 (1978). 

12. ae M. L, Fosten, M. & Monk, M. L Embryol, exp. Morph. 67, 127-1 35 (1982) 

13. Endo, 5. & Takagi. N. fap, J Genet, 56, 349-356 (1981). 

14, Rastan,S., Kaufman, M. H.. Handyside, A H. & Lyon, M. F. Nature 288, P72-TTS (AGS 

15. Wakasugi, N, J. Reprod. Fert. 41, 85-96 í (1974). ae 

16. Stevens, L. C. Symp. Soc. dev, Biol 33, 93-106 (1975). 

17. jies, S. A McBurney, M. Wa, Bramwell, S. Ra Deussen, Z. A; & Gratam, C. EL Embryol 
Exp. Morph. 34, 387-405 (4975). : : 

I8. Stevens, L. C., Varnum, D. S, & Eicher, E. M. Naiure'269, §15-$17 (1977), 

19. Whittitgham, D. G. & Wales, R. G. Aust. I biol Sei 22, 1065-1072 (1969). 

26, Cuthbertson, K, 5. R, Z exp. Zool 226, 311- 314 C1989). - 

21, Whittingham, D. G. J. Reprod. Fert. Suppl 14, 7-21 (1971). 

22, Barton, $. C: & Surani, M, ASH. Expl Cell Res 146, 187-191 (1983). 

23. MeGrath, J. & Solter, De Science 226, 1300-1362 (1983). 

24, Neff, JOM. & Enders, J. F. Proc. Soc. exp. Biol. Med. 127, 260-271 (1968). 

25. Giles, R. E. & Ruddie, Fo H. tn. Vitro 9, 103-108 11973). 

26. Graham, C. F. Acta endacr. Suppl. 183, 154-167 (1971). 

27. Chapman, V. M, Whitten, W. K. & Ruddle, F. H. Devl Biol 26, 153-161 (1971). 

ZR, Markert, C. L & Seidel, G. E. in New Technologies in Animal Breeding (eds Brackett, 

B. G. Seidel, G. E. & Seidel, S$. MI 11-199 (Academic, New York. 1981), 


























Maternal T* lethality in the mouse 
is a nuclear, not cytoplasmic, defect 
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The T*™ mutation, an allele of the mouse T/t complex, differs 
from other known mutations in that its effects are determined 
by the sex of the parent from which it is inherited; when. 
inherited from the female parent, it is invariably lethal at the 
embryonic stage, but, most embryos which inherit the mutation 
from the male parent survive’*. Thus most heterozygous 
embryos carrying the maternally derived mutation die in the 
second half of pregnancy, while the exceptional embryos surviv- 
ing to parturition give oedematous, cyanotic individuals that 
die within 24h**. The lethal maternal effect of T"’ may be 
transmitted either through the cytoplasm of the ovum (oogenic 
defect) or through the female pronucleus (embryogenic defect).. 
Here we have sought to decide between these Possibilities by 
performing reciprocal nuclear transplantations” between one- 
cell embryos from T*/+ and +/+ females. Our observation 
that this maternally inherited lethal effect of T*? persists when 
T*™?/+ pronuclei are transplanted into +/+ cytoplasm suggests . 
that the defect responsible for the pattern of inheritance lies ip_ 
the pronuclei and not the cytoplasm. r 

One cell-stage embryos obtained from +/+ albino females. 
mated to +/+ albino males were used in reciprocal nuclear 
transplantations with one-cell stage embryos obtained from 
pigmented T”?/+ females previously mated to pigmented +/+ 
males. Nuclear transplant embryos were transferred to the 
oviducts of day 1 pseudo-pregnant females and allowed to 
develop to term. The number, coat colour phenotype and tail 
length of the progeny were observed, as T”” causes a shortening 
of the tail when heterozygous. 

Of 197 successful nuclear transplant embryos (Table 1) in 
which wild-type pronuclei from albino females mated to albino 
males were introduced into the cytoplasm of enucleated embryos 
from pigmented T”’/+ females, 45 (20 females and 25 males) 
normal-tailed albino progeny resulted (23%). Among 206 suc- 
cessful nuclear transplant embryos in which pronuclei fro 
pigmented T”’?/+ females mated to pigmented males werê 
introduced into the cytoplasm of enucleated embryos from — 
albino females, 18 (10 females and 8 males) pigmented progeny. 
were born (9%). Thus, a a significantly greater proportion of- 
nuclear transplant embryos, in which the egg cytoplasm was 
derived primarily from T’’/+. females, developed to. term 
(23%) than those embryos in which egg cytoplasm was. derived ; 
primarily, from +/+ females 19%) be =R, 99; PO 01) Wes 













































evidence that ovum cytoplasm from 
ales inhibits normal embryogenesis. a a 
ince the T"?/+ females were mated to +/+ males, half of 
ie nuclear transplant embryos should be T*/+ (short-tailed) 
nd half +/+ (normal-tailed). Among the 18 progeny which 
resulted from the introduction of pronuclei from T*?/+ females 
into +/+ cytoplasm le 1), a significantly greater number 
tlormal-tailec (16) than short-tailed progeny (2) 
9.38; P< born. Of the 16 normal-tailed pro- 
e the remaining 14 were viable 
Of the two T””/+. progeny, one was 
was oedematous, cyanotic and 
The number of viable normal- 





































+ pronuclei into wild-type cytoplasm 
progeny we conclude 
a nuclear, not cytoplasmic, 


may. be an ‘activator’ locus on the maternal chromosome 17 
that is required for proper gene expression at an unidentified 
~ second locus’. McLaren has suggested that the maternal genome 
_ may be normally active at the T"? chromosomal region while 
__ MSpaternal counterpart is preferentially inactivated®. This inacti- 
a tion, it is suggested, might occur in a manner akin to the 
preferential paternal X-chromosome inactivation that occurs in 
“murine extra-embryonic tissues. Finally, ina study of transloca- 
tion heterozygotes in which embryos could inherit both proximal 
portions of chromosome 17 solely from the male parent, or 
solely from the female parent, Lyon. and Glenister noted a 
_ decrease in the number of progeny inheriting both proximal 
-~ portions of chromosome 17 from the male parent’. The authors 
suggested that, as with T”?, a functional maternal chromosome 
17 may be required for successful embryogenesis. 
T"? is believed to be a deletion of a proximal portion of 
chromosome 17 extending distally beyond gk and including the 
Tcp-1 locus*’. The fact that a female embryo inheriting the 





T"?-deleted chromosome from the male parent is viable but _ 


-her offspring that receive the T’?-deleted chromosome are not, 


Table 1 Phenotype of nuclear transplant offspring 








No. of | 
: successful . No. of progeny 
TOC ar Cytoplasmic nuclear Normal Short 
genotype genotype transplants tail tail 
TP Lb, +/+ +/+ 206 16 2 


+/+ Th? / 4, +/+ 197 45 0 


Breeding stock of T"?/+ males and females were kindly provided by 
-Drs D. Bennett and H. Axelrod. T*?/+ embryos were obtained from 
_ brown or agouti T"?/+ females mated to C57BL/ 6J males, while +/+ 
_ embryos were obtained from matings of outbred albino CD-1 (Charles 
Rivers) males and females. Pseudo-pregnant females were obtained 
“from matings of CD-1 females with vasectomized and proven sterile 
_CD-1 males. All matings were Spontaneous. Female mice were killed 
-on the day of vaginal plug detection (day 1 of pregnancy) and their 
- oviducts excised. The ampulla of the oviduct was punctured with watch- 
“maker forceps and the released embryos were freed from surrounding 

cyihulus cells by incubation in modified Whitten’s medium!" contain- 
00 U mi! bovine hyaluronidase (Sigma). Nuclear transplantation 
“was performed as previously described’, Among 545 embryos, 524 
: (96%) were successfully enucleated and of the 524 pronuclear karyo- 
plasts, 494. (94%) were successfully injected along with inactivated 
‘Sendai virus into the perivitelline space of enucleated recipient embryos. 
403 (82%) of the pronuclear karyoplast:enucleated cytoplasm pairs 
underwent fusion. The latter were transferred on the day of micro- 
gery to the oviducts of day 1 pseudo-pregnant females using a small- 













pipette. — 
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Nucleotide sequence of mutant [-Af°™? 
gene is evidence for genetic exchange __ - 
between mouse immune response genes 


Katherine R. McIntyre & J. G. Seidman 
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45 Shattuck Street, Boston, Massachusetts 02115, USA 
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Immune response genes‘? of the murine major histocompatibil- 

ity complex encode cell-surface glycoproteins that are expressed. 
predominantly on B cells and macrophages and regulate 
immune responsiveness by restricting antigen recognition by T 

celis. The two classes of immune response molecule, termed 

I-A and I-E, are each comprised of two polymorphic chains (a _ ee 
and £), and nucleotide sequence analysis of genomic or CDNA | ak 
clones has revealed that most of the amino acid differences 
between allelic I-A a@ or B chains occur in the first extracellular 
domain” *. The mutant mouse strain B6.C-H-2°"”2 (bm12), 
which differs from its parental strain CS7BL/6 (B6) at the I-AB 
locus*"*, exhibits an immune response profile markedly differ- 

ent from that of B6. Here we present the nucleotide sequence. 

of the mutant bm12 J-AB gene. Sequence comparison within 

the coding regions reveals three productive nucleotide differen- 


ces between the I-AB genes of B6 and bm12 mice, all three a 
differences occurring within a stretch of 14 nucleotides in the 
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Fig. 1 The structure and sequencing strategy of the -AB” and mutant /-AB"™' genes of the mouse, with ding re gion differences adasi: ee 
The exons of the J-AB” gene are denoted by solid shading i in the regions encoding the mature polypeptide, by ha hed shading in the region 

1CO signal: eae and by stippies ee in the 3’ untranslated ( 3 UT) Tepon: The e exons are Mee llows: L encodes the 

r TM encodes the 

is: ‘The numbers above 

| the shaded A reion cheated the amino acid residues eode oa that exon. From bmi 2 genomic DNA. the 6. 5-kb EcoRI fragment that carries 
most of the /-AB°™!? gene was cloned into bacteriophage A and subsequently into the plasmid vector pBR327 and identified by hybridization — 

© toa 2.1-kb BamHI fragment derived from the I-AB” gene. (The procedures for cloning a single-copy restriction fragment have been described 
_ -previously”®.) The pBR327 clone of J-AB°™'? and a pBR322 clone* of I-AB" were digested with the restriction enzyme Smal, Hpall, Sau3Al, 

_ Pstl, BamHI or EcoRI and subcloned into M13 mp9 for nucleotide sequencing by the dideoxy chain termination method2?28, The M13 _ 
"recombinants were screened by a combination of hybridization to a human HLA-DC B-chain cDNA clone?” and dideoxy chain termination = 
‘single-lane screening’ to identify among the M13 clones derived from the mutant J-AB°™'? gene those which corresponded to previously’ 

isolated* M13 clones derived from the wild-type I-AB? gene. M13 clones carrying analogous inserts derived from the wild-type and muta 
“genes were analysed together; that is, the products of the sequencing reactions for the two clones were electrophoresed in parallel to-allow direct 
comparison of the two sequence ladders on the same gel. The sequencing strategy for the wild-type and mutant genes is presented below the 
“structure of the gene. The restriction sites are designated as follows: Sm, Smal; H, Hpall: S, Sauw3Al, P, Pstl: B, BamHI; RI, EcoRI. Arrows |. 
indicate the extent of reading from a given restriction site. The nucleotide stretch encoding amino. acids 63-75 has been enlarged above the i 
structure of the gene. Indicated above the b haplotype sequence are the three coding positions. at which the bm12 haplotype.» 
sequence differs. Above each of these three nucleotide substitutions is indicated the amino acid substitution: which it engenders in the I-AB 
polypeptide. Sequencing of the six exons indicated in the gene structure demonstrated no additional nucleotide differences between the 

wild-type and mutant. genes in their coding regions. 
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The coding regions of the AB” and I-AB"™'* genes were 
subjected to nucleotide sequence analysis (Fig. 1). No differences 
were found between the. two genes in any of their coding blocks 

b b mi2 except the B, exon, where three nucleotide substitutions were 
observed within a stretch of 14 nucleotides (Figs 1,2). All three 
substitutions have been confirmed by sequencing of both DNA 

G | A | T C G A T C strands in the region containing the mutation. Two out of the 
dwe o aa oe three nucleotide replacements affect restriction sites: A->T 
leads to the loss of a Sau3A1l (VGATC) site, while C> A leads 
to the loss of a Thal (CGVCG) site. Both of these predicte 
changes- in restriction sites have been confirmed by So 
blot analysis of the plasmid subclones carrying the I-AB i 
od- “Ape? genes (data not shown). 
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Fig. 2- Sequencing gel demons t yating. “nucleotide differences $ 
between I-AB? and mutant T-Ap? Agenes A 

each carrying a- Hpall. insert” ‘derived: from the Bi exon of th 
I-AB” or I- Ape? 4 gene, was sequenced by the dideoxy chain 
termination method?” 










*. The products of the Requencing reactions 
were electrophoresed ‘in parallel on an 8% polyacrylamide 
sequencing gel. Reaction lanes (G, A, T.C) are designated at the 
top. The nucleotide sequences read off this gel are indicated at the 
sides, with the direction of reading from bottom to top correspond- 

‘ing to the 5’ to-3' direction along the coding strand, starting with | 
the first nucleotide of the insert. Nucleotide differences between 
the two sequences are underlined. Arrows mark the unique gef 
bands corresponding to these nucleotide differences. All three - 
differences have been confirmed by sequencing ofthe pairof MIS. 
clones carrying this same Hpall insert in the reverse orientation © 
(data not shown). (The appearance of ‘ghost’ bands in the T lane 
at position 6 of the b ladder and at positions Sand 16 of the bm 
ladder, as. well as the ` ‘compression’ of bands seen at. positions 2 
and 23 of the b ladder and at position. 23 of the bm12 ladder, i areo 
sequencing a teracti which are controlled for by seq i of the- 

= ~complementary:s strand, ) 
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> Comparison of the nucleotide sequences of the I-AB” and 
mutant J-AB"™'* genes indicates that complete tryptic cleavage 
Of their protein products would generate identical peptides 
except for two peptides unique to I-AB° which would be 
replaced by one peptide (plus an additional residue of free 
_ arginine) unique to I-AB°™!*. The slight discrepancy with the 
— 'Tesults of comparative peptide mapping studies'*'* can be 
-explained by incomplete tryptic cleavage (for example, trypsin 
< Sometimes fails to cleave between adjacent lysine and arginine 
_» Tesidues, D, J. McKean, personal communication). The noncon- 
__ \servative character of two out of the three amino acid replace- 
nents found in the I-AB°™’? polypeptide (Arg > Gin and Thr > 
f Lys; Fig. 1) probably results in significant changes in the folding 
_ of the I-AB polypeptide, its ability to associate with the I-Aa 
chain, and the tertiary structure of the I-A molecule as a whole. 
“This supposition is in keeping with the well-documented anti- 
genic disparity between I-A? and I-A>™'? molecules? 112, 
_. Furthermore, the finding that bm12 splenocytes express only 
25-50% as much cell-surface I-A as do B6 splenocytes®!!" 
may reflect the reduced ability of the mutant bm12 [-AB chain 
to associate with the I-Aa chain. 
Clustered mutations that occur in a single event are generally 
thought to result from a gene conversion event or from the 
reciprocal exchange of genetic information between closely 
‘related sequences'*'’, To establish that the bm12 mutation (a 
spontaneous mutation) resulted froma gene conversion-like 
event, one must establish that a likely donor sequence exists in 
the mouse genome. At present, such a donor sequence has not. 



















been identified. However, the observation that two out of the 


three amino acid substitutions found in 1-AB°™!? relative to. 
° (glutamine at position 70 and lysine at position 71) are 






< B-chain gene acted as a donor sequence for the bm12 mutation. 
The original bm12 mutant, a (B6 x BALB/c)F, mouse*, prob- 


-ably resulted from the fusion of an abnormal gamete from the- 


_ B6 parent with a normal gamete from the BALB/c parent, and 
. therefore a candidate donor sequence for gene co 
~ be sought in the B6 genome. As only two class 






| present is from the d haplotype (BALB/c)!®. While the J-Ep° 
and T-AB™? sequences differ at all three positions affected by 


¿the bm12 mutation (Fig. 3), the overall nucleic acid homology | 
_ between J-EB° and I-AB” in the £, exon is 78%, a value in 






eeping with our hypothesis, as sequence homology is thought 
o be a prerequisite for gene conversion!*!’, 





The bm12 strain had its origins in an extensive screening 
- programme for spontaneous H-2 mutants!°, most of which were 
found to have an altered H-2K° gene". Characterization of 
some of these H-2K” mutations by amino acid and nucleotide 
quence analyses suggested that they arose from gene conver- 
ike events involving donor sequences present in other class 

"4. The results of the screening progr: ' for H-2 













FTNGTORIRYVTRYTYNREEYVRYDSDVGEHRAVTELGRPDAEYWNSQPE IL 


Fig. 3 Amino acid sequence comparison of the P, domains of mouse (I-A and I-E) and human (HLA-DC, -DR, and ~SB) class I antige 
P chains. The protein sequence of the 8, domain (amino acids 6-96) of the I-A” chain, as deduced from the nucleotide sequence’, is. sho 
‘in the one-letter amino acid code. Amino acid residues of the 8, domain that differ from the I-A” sequence are shown below for the. 
eight £ chains. Dashes represent gaps inserted into a sequence to maintain maximal homology. An asterisk indicates that the amino acid at 
‘that position has not been determined. For two out of the three positions at which the bm12 haplotype I-A sequence differs 
aplotype sequence, a human -chain sequence is known which has one or both of the same amino acids (underlined) as are found 
bm12 sequence. The -chain sequences for this comparison were taken from the following sources: I-AB“ and I-AB* from Choi eral. 
from Saito et al.'*, DC from Larhammar etal.*”, DR2,2 from Kratzin et al*, DR4,w6 from Long et al.” and SB from Roux-Dosseto e al? 


also found at the same positions in some human class II antigen. 
_ B chains (Fig. 3) suggests the possibility that another class I 


conversion must 

O bes 3 » class IIB chains, I-A. 

_ and I-E, have been identified in the mouse, the obvious candidate. 

for a donor sequence for the bm12 mutation is the J-Eg" gene. - 
However, the only J-E@ sequence available for comparison at 
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mutants suggest that mutations in class I genes occur at a- 
frequency of roughly 1 in 4,000 mice. By contrast, only a. 
single mutation in a class II gene was identified on screening 
almost 100,000 mice. Thus, the frequency of mutation in class 
I and class H genes appears to differ by an order of magnitude, - 
yet the mutational mechanism may be the same and the degree 
of polymorphism of the class I and II antigens is roughly the _ 
same*’. These results taken together suggest that neither gene 
conversion as a mutational mechanism nor the apparent muta- 
tion frequencies for class I and II genes can account for the 


extreme polymorphism of these genes. Instead, we suggest that 


selection is the major force governing the evolution and mainten- 
ance of this polymorphism. . e eakeadte 
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‘Institute of Cell and Tumor Biology, German Cancer Research cloned the functional genes. This. is supported : by genomic 
‘enter, Im Neuenheimer Feld 280, D-6900 Heidelberg, FRG Southern blots which gave no evidence for additional neuro 
























j bovine Vi sopressin and 0) D tocin ee derived as to whether or not these genes are closely linked 
- precursor genes suggested by the bovine genome. The primary structure of the prepro-AVP 


analysis of appropriate restriction fragments. The consistency 


nucleotide se qu ence _ | NPII and prepro-OT-NPI genes was determined from sequence. 


of the chromosomal gene sequences (Figs 1, 2) with the prey 
viously established mRNA sequences” suggests that we have 


| _______ sin-related sequences (not shown), 
| The overall structures of the bovine prepro-AVP-NPI ar 


The nonapeptide hormones arginine vasopressin (AVP) and prepro-OT-NPI genes are very similar (Fig. 3). They Dott 
‘oxytocin (OT) are synthesized in the hypothalamus together consist of three exons and two introns which occur at identical = 
_. with their carrier proteins, the neurophysins, as common poly- positions with respect to the reading frame (between codons 21 _ - 
> peptide precursors’ *. The organization of these precursors has and 22 and within codon 89). As a reflection of their common. ~ 


been established by sequence determination of cloned bovine history, in both genes each functional domain of the precursor 
- cDNAs encoding prepro-arginine vasopressin-neurophysin II peptide- is encoded by separate exons. The signal peptide — 5 
(prepro-A VP-NPII) and prepro-oxytocin-neurophysin I (pre- together with the hormones AVP and OT are encoded by the 
pro-OT-NPD**. When the mRNA sequences coding for the first exon (the hormone domain). The conserved middle part 
conserved middle part of the neurophysins were compared, we of the neurophysins I and H (amino acids 22-86 in Fig. 3, 
found that these sequences are not merely similar but identical®. corresponding to residues 10-74 in the mature neurophysins) 
The primary structure of the chromosomal genes now deter- _is located in the second exon (the neurophysin domain). In the 
mined shows that both genes, which appear to have arisen by AVP-NPII precursor gene the third exon carries the information — 
a gene duplication, are split into three exons, each encoding a for the glycoprotein (the glycoprotein domain). The variable 
functional domain of the precursor polypeptide. Sequence com- amino-terminal part of the neurophysins (the first 9 aminoacids) © - 
parison reveals that the stretch of sequence identity within the are within the first exon, whereas the hypervariable carboxy- 


two mRNAs is probably the result of a gene conversion encom- terminal part is encoded jointly by the second (amino acids:S7/ 
passing exon B, which encodes the conserved part of the and 88) and third exons (residues 89-107 for neurophysin TR 
neurophysins, and part of the preceding intron. and 89~106 for neurophysin 1). This similarity in gene structure © 







A bacteriophage library of bovine genomic DNA was con- is also seen in the corresponding rat genes’°, : 


structed and screened for AVP and OT sequences (Fig. 1). Five When the 5’-flanking sequences of the bovine genes are com: z 
independent phage clones were isolated (three vasopressin pared with their rat counterparts, extended regions can be seen 


-o digested with Sau3A and fragments 12-20 kb 


ca pVNPII-1° contains most of the mRNA sequences of prepro AVP-NPII; this probe also hybridizes to oxytocin specific clones because of t 
_ identical 197 bp sequence within the coding regions of NPI and NPII°. Plasmid p3‘OTNPI contains the 3’ Pstl fragment of pONPI-1® and o 
/ does not hybridize to prepro AVP-NPIH cDNA sequences. DNA sequencing was carried out according to the procedure of Maxam and ~~ 







of T) 


by V. Pirrotta) a total of 12 10° recombinant bacteriophages were generated. More than 98% of bacteriophages are recombinants. and — 
-contain bovine DNA fragments of an average size of 14 kb. 5x 10° original recombinants were screened for AVP and OT sequences according © 


Fig. 1 Primary structure of the bovine prepro- 5 ANGCACAGOGCTATCATCTOCCGGACCATTAGCCATTAGLUGHCRTAACCTTGAC OT ECACC TCTOCAAATGNGESSGESESOSSSSSSS 


OT-NPI gene. The nucleotide sequence of the gc CTGACCCGCAGCGGCECECTGTGACCAGTCATGCGSCTGCCCTCTTAGACACCGTTECGCCCACGCEGLCEK:CEGGCTTARAAGELCAGACCCERGA 

prepro-OT-NPI gene was determined by -100 -3 

sequence analysis. of appropriate restriction -D Ma Gly Ser SIONAL- PEPTIDE Leu Leu 

fragments derived from the oxytocin-specific  GACGGCCGCAGTCCCCGGCCCGGAGACCAGCGCGTCTGCACC ATG GCA GGT TCC AGC CTC GCC TGC TGC CTG CTC GGC CTC CTG 

phage clone AbOT-NPI. This clone carries a +1 Ala OXYTOCIN 5 3? +3 NPI 

13.5 kb insert of bovine genomic DNA consist- ala Leu Thr Ser Ala¥cys Tyr Ile Gin Asn Cys Pro Leu GlyWGly Lys wot Val lea Asp Leu Asp Val Arg 

ing of 5.0 kb of 5’ flanking DNA, a 1.0 kb long GCG TTG ACC TCC GCC TGC TAC ATT CAG AAC TGC CCC CTG GGC GGC AMA CGC GCG GTG CTG GAC CTC GAC GTG cac 

structural gene region and 7.5 kb of 3' flanking 2] me : 
Tir 


DNA. Nucleotide residues are numbered below 
the sequence, with negative numbers assigned ACG GTGAGAGCCCCGCCCTOGACCCETEGCTCTCCEGSCTECCCSEECC GCTECCACASEGTCOCCCCCECCERCCOCTTTCCCCGETGACOSEET 







to the residues upstream of the +1 transcription (ICCCKACCTGECTGBGART CEAGGAGCGGASSAGCTTTTGACTOCCETCCTTOGACSETTTTGAGTE SEGAGACCCGCCAC 
initiation site indicated by the arrow. The BO Meeter 










modified Goldberg-Hogness box and the poly- ¢TCCCSCGCTECTECGGLOSCELTEGLCCGELCGGLTCAGLCCCCOSCEREA-ASGETCTCCCTCCCLSGECBCTEOCCTECCSEOCCESGCTEAESS! A 
adenylation sequence are underlined. The +22 a ue oo Mes 
poly(A) addition site is indicated by an arrow. Cys Leu Pro Cys Gly Pro Gly Gly Iys Gly Arg Cys Phe Gly Pro Ser Tle Sys ys Oey PT | 


ee COCTECCACCAG TGT CTC CCC TOC GGC CCC GGG GGE-AAA GGC CGC TGC TTC GGG CCC AGC ATC TGC TGC GGG SS 
Oxytocin is encoded by amino acid residues +1 es BN 


to +9, neurophysin I (NPI) by amino acid 
residues +13 to +106. The putative signal pep- 
tide starts at amino acid ~19. The box shows 
the region of perfect sequence homology to the 
AVP-NP II precursor gene (see Fig. 2). The 
sequence shown differs from the cDNA 0 
sequence reported previously® only in the 3’ | . Sp Gly Cys His Glu Asp 
noncoding region (position +869, C instead GGTCGAGACGGGACCGOGGC TCAGGAC CAGGCGGGC TEGSCCASGSUGSECCTGACTCSGCBTETCTCTSTACAS AC GGC TGC CAC GAG GAC 
; l i pHi 
Methods: To construct a bovine genomic Pro Ala Cys Asp Pro Glu A Ala Phe sor cin’ bie mD 
library high molecular weight DNA (80- cce GCC TGC GAC CCT GAG GCC GCC Tre Tec CAG CAC TGA GACOGGCCGGCCCCCGATACCGTCGGAGCGCAGCCCTCAÇ TCCCTCTS 
100 kb) from fresh calf thymus was partially TAATCATCCCCAGGAATTATGACAATGAAATAAAGCCGSTE TP TTTCGECC SCAACAAGCCTCGCATCTGAGTGTCAGAACGGGGAGEGAGGGCTTTAG Fg- 
A agi | | $ Poly -(A) A 
in length were enriched by NaCl gradient cen- ! F 
trifugation”®. Isolated fragments were ligated into the BamHI sites of the bacteriophage vector EMBL3*’. Using packaging extracts (provider 


Cys Gln Glu Glu Asn ‘Tyr Leu Pro Ser Pro Cys Gin o 


Glu lea Gly Cys Phe Val Gly Thr Ala Glu Ala Leu . | 
Tes ccc TeC CAR ee 


Arg 

GAG CTG GGC TGC TTC GTG GGC ACG GCC GAG GOG CTG CGC TGC CAA GAG GAG AAC TAC CTG C 
Ser Gly Gln Lys Pro Cys Gly Ser Gly Gly Arg Cys Ala Ala Ala Gly Tle Cys Cys Ger Pro 
TCC GGC CAG AAG CCC TGC GGG AGC GGG GGC CGC TEC GCC GCC GCC GGC AJC TGC TH LG 






A i 
CCG G GTGAGTCGGOCAGG 
















to the method of Benton and Davis**, and subsequently amplified to establish a library. Three independent vasopressin specific clones were -5 


isolated containing the same Sau 3A partial genomic fragment, in either orientation relative to the phage vector arms. The two oxytocin. 
specific clones isolated also contain an identical Sau 3A partial fragment, cloned in either orientation. The following probes were used. Plasmid 









iption were determined by S, nuclease mapping : 


Gilbert?”. For most of the sequence both strands were sequenced. The start sites of tra 























ig. 2 Primary structure of the bovine prepro- 
P-NPII gene. The nucleotide sequence of 
prepro-A VP-NPII gene was determined by 
nce analysis of. appropriate restriction 
igments derived from. the arginine 
pressin specific phage clone ADAVP-NPII, 

















cated by the arrow. The modified Gold- 
ogness. box and the ` polydenylation 
sequence are underlined. ‘The poly(A) addition 
te is indicated by an arrow. Arginine 
vasopressin is encoded by amino acid residues 
‘+1 to +9, neurophysin I (NPIL) by amino acids 
+13 to +107 and the glycoprotein by amino 
„acids +109 to +147. The putative signal peptide 
starts at -19. The open box displays the region 
of perfect sequence homology to the corres- 
ing region in the OT-NPI gene region (see 
1). The sequence shown. differs from the 
"CDNA sequence reported previously® at four 
“positions, all located outside the coding region: 
“#10 (C instead of T), +30 (G deletion, CT 
rather than CGT), +39 (C instead of G) and 
+1967 (C; instead of Co). The differences in 
the 5’ region are very likely due to the fact that 
this part of the cDNA sequence was determined 
_by primer extension experiments which are 
inherently more prone to error than analysis of 
cloned sequences. 




























_ Prepro-AVP-NPIE HN- 
: Precursor of 





f ATG 168pp 1234bp 





Cap oe , 
SteEXON A intron J=- 


ATG 153bp 3096p 





_ Prepro-OT-NPI Hn: 
Precursor 










This clone carries a 13.4 kb insert with 9.4 kb 

of 5’ -flanking DNA, a 2.1 kb long structural o o 
ene region and 1.9kb of 3'-flanking DNA. o 
‘Nucleotide residues are numbered below the 
‘sequence, with negative numbers assigned to 

he residues upstream of the +1 initiation site 


ni NET EECAGTAGACCAT SECT GAGEGGCACECARGCAGAGASOSSACAGACAGAT ARGH CASSGAGSSCAGARGEAKGETC 


CBC TGC TTC GGG CCC AGG ATC TEC TEC GGG GAC GAG CTG GEC TEC TTC GTG GGC ACG GCC GAG GCG CTG csc TEC | 
: $ p OR ka 


. SCCGCAG AG AGC TGC GTG ACC GAG BS GAG TGC COG GAA GGT GTC GGC TIC ccc cer cse GTT CGC GCC AAC GAC ER 


_ Arg Ser Asn Ala The Leu Ley 






30abp 17 7bp k 2405p Ta 7 cated. Within the two protein p 
' nA sors the various parts are indica 
| i SSA boxes: small dots, the utative 
EXON B moni EXON C Ste P 


202 bp.. 









5 GGAGACAGTTTCCAGG STGACE cccacTeartecacercretccaccreee CAAGTCTAGAGAGCCGCAATCAT f GCCGCAGCAGC 
IO | “259 


GCCACACCECTS GCCTATGACAGCCTOGAGGCC AGCATCCCTCCECCACCGTE CCCTGCACAGGTCÇACGTGCG sTCECCAGATEC Toa 














GCCTGGGGAC! crotagaccact GOGCTCCTGGGGAGCCACTGGGGAGGGGSTSGCEGC CACBTCACTTCAGASGRAMCACCTOCAGR SATAMAT 
-iX X3 : ` 
“19 STSNAL - PEP T 


Met Pre ASD ha Thr teu Pro 
CAGCGAAGACATCOCAGCACAGTCCACAGAGCAGCACTGCGCACTGTGCCCACCCGTOCCAGG o CCE GAC GCC ACA CTA cece d 


4 fa VASOPRESSIN O] dt! 

Phe Leu Ser Leu Leu. Ala Phe Thr Ser Ala -ys Tyr Phe Gin Asn Cys Pro Arg Gly Gly Lys Arg ala: 
TTC CTE AGC CTG CTG Gec TTC eee GET TGC TAC TIC CAG AAC TGC CCA AGG GGC GGC AAG ASG D AEE. 3 
+2] l 

Asp Lou Glu Leu Arg Gin a 
GAC CTG GAG CTG AGA: CAG GTATGACCATGACCGCTCTCAGAGCTGCASGGAAGGGGCAGAGGCCCAGKGACGCACCACCSTCA £ 


is ANGGAAGTCGTGGGAGAGECAGGCTTTASGGGANG a eee G TAGE 3 


































SS KNEE GCTOSG 
: CAGCY TIOGANGCTGGAGTCACCTAGGTGCCTCATACCCTCCTCTAGSGCTCAGATCCTTECCACTCAGSGTCAGTCCTTAGACGACTAGCAGAAGTCA : 














| TCT FASSGSHGSTATSGBCAGTCAGAGAAGESTGGACACCNSCOXTAGAGCTCAGGGGGAMSTTCTCCCCCAAATASCSCATGAGGGTTC 
CET Tg ACAMACCSGASGADSTGAAGGGTGTGACTOACAGCTSTT§CTCAACATCTGAAAACCGAGGAGEEGAGHAGCTTTTTTTGACTECTCTE a 


CTTEGACCAATTTTEGGCCC A PISA SEASACESACCTCCOBEST FETE CCC CCTCSCCESCECERCTMECCEECOSCRECAENG | 
Zz” i 7 7 Ę 


+22 | 
CyS Leu Pro Cys Gly Pro Gly Gly Lys Gly 
-SeTeTpccTCecossceacTecceT COCGCCCCCGGCTCATCCCTT: ee TGT CTC CCC TGC GGC CCC G66 ooe ABA GGE- 











































‘Arq Cys. Phe Gly Pro Ser tle Cys Cys Gly Asp Gie Leu Gly Cys Phe val Gly Thr Ala Glu Ala Leu Ara Cys 


Gln Glu Glu Asn Tyr Leu Pro Ser Pro Cys Gln Ser Gly Gln bys Pro Cys Gly Ser Gly Gly Arq Cys Ala Ala “E> 
CAA GAG GAG AAC TAC CTG CCG TCG CCC TGC CAG TEC GEC CAG sie COC TH GGG. AGC GGG GGe CGC Toc Sec ace 


+86 | 488 : Hh 
Als Gly Ile Cys Cys Asn Asp G ii 
GEC GGE ATC TOC TGC O GAT G STBCSOSGCCCSEECGRT SEGGCESGECGGGGASEEEEGCGASGAGEGOSCEGGECCOGRECOSGGGCG ` 


|SSRSUOSSTTGATCTGGETEC GACT TORACRSTESDAAGC A E Eein 






+29 NEP y) 7108. ne 
iu Ser Cys Val Thr Glu Pro Glu Cys Arg Glu Gly Val Gly Phe: oll Axx Arg Wy ArgvAla Asn Asy 


GLYCOPROTEIN 


Aap Gly Pra Ser Gly Ata Ro feu Leu Arg Leu Val Glin Leu Als Giy Alai Pre’: 
we ne AAC GCG ACC CTG CTE GAC GGG CCG AGC GGG SCO TTG TTG A a G CTS GTG CAG CTG GES G36 BCH-Cc5 
POC 


+147] 
Glu Pro Ala Glu Pro Ala Gin Prot iy Val Tyr ND 


GAG cee GCG GAG CCC Gee CAG ce SEC GEC TAC TGA. GGCGCECCCCECECTCE COAECCE CTGCCCTCGCAGC ACGAAAAAT AAACGTT i 


m SIGTGCETCTCTS TE CACAO cacecscacate. 
Poly-A) | 3 


“Tes Fig. 3 ETA of bovine AVE 
~  NPH and OT-NPI precursor genes 
relation to encoded. protein -precur 
~~ sors. In the genes, exons are sho 
=u open: boxes, introns as disconnec: 
- lines. The:lengths of exons and 
~ are shown. Sites of transcription 
ation. (cap site), translational is 
(ATG), translational — tern 
(TGA) and poly(A) addition a 





peptide; vertical hatched, 
horizontal hatched, OT; wavy: 
variable amino-terminal and hy 
variable  carboxyterminal . parts 
neurophysins; black, conserved 
7 part of neurophysin I and I; big do 
č don glycoprotein. Open bars in the: 
es precursors represent basic ami 
residues involved in post-transla 
processing. Positions -of ih 
| characteristic a amino acid resi 
indic 













90bp : TGA. 158 bp 














































‘parison of the ‘promoter 











sequences of the bovine and 


rat’ AVP-NPII 5'-flanking -i -30 -20 
AACACCTGCAGACAT AAATAGGCAGCEC~ AGC 


BOVINE 


regions are aligned to give 
- the best match between the 
sequences. Two closely RAT 

_ matching regions ranging 

from —12 to —41 and from 4 
-55 to at least —94 are indi- 

cated by boxed areas (no ae 
further data are available Rat 
‘for the rat sequence). The 
sequences CTGGGGA | 
‘found as direct repeats are, ae 
‘indicated by arrows. A BOVINE 
variant of this sequence, Ra 

© CTGGAGG , isindicated by “T 
a dashed arrow. b, Align- 


HRURERSERAREHABHEHRHGH ESHA He 


AACACCTGCAGACATAAATAGACAGCCC AGC 








- underlined. Homologous nucleotides are indicated by asterisks. 


where the sequences are very similar. Within the AVP-NPII 
5'-flanking regions two very well conserved blocks are found. 
- Both within and 5’ to the second block the heptanucleotide 
CTGGGGA, and a variant, CTGGAGG, occurs four times in 
~ the bovine gene and twice in the rat gene (Fig. 4a). Alignment 
of the OT-NPI 5’-flanking regions reveals six conserved blocks 
AFig. 4b). The sequence CCATTAGCCATTAGCC, a direct 
overlapping repeat, is found 5‘ to and within the sixth block of 
the bovine gene. These gene-specific homologies conceivably 
reflect the expression of these two genes by separate populations 
of neurones’. 
We previously observed that the bovine mRNA sequences 
coding for the conserved part of the neurophysins are perfectly 
-identical over a stretch of 197 base pairs (bp)°. We suggest that 
the most likely explanation for this sequence identity within this 
i gene pair, which arose by gene duplication about 450 Myr ago’, 
is a recent gene conversion”’'°. Such conversion events have 
recently been described in a number of genes, notably the 
globin??? t, immunoglobulin” 5Y and major histocompatibility 
“antigen genes™!?. We note that the 197 bp perfect sequence 
identity is located in the second exon and extends without. 
interruption for 135 bp into the preceding intron. The perfect 
sequence identity between the two genes covers a total of 332 = 
„and breaks off close to the exon B/intron 2 junction (Figs 1, 
(2), The 60 bp preceding this converted region show 81% 
¿sequence identity while the next 100 bp upstream can only 
. poorly be aligned (40% identity). It is possible that the converted 
_ segment. originally included these additional 60 bp which 
¿ experienced more mutational drift than the remaining 332 bp. 
< Alternatively, the gene conversion event leading to the 332 bp 
perfect homology may have occurred very recently in evolution 
: within-an earlier gene conversion unit encompassing these addi- 
“tional. 60. bp, suggesting that this region might represent a hot 
“spot for. gene conversion within the AVP/OT gene pair. Other 
than a high G+C content (77%) no obvious sequence abnor- 
malities have been found which may have facilitated a gene 
_ conversion event, as has been observed in other cases’?! %14, 
- Nucleotide substitutions leading to amino acid replacement 
provide a good evolutionary clock with a particular rate for 
ich 

















| specific protein. In contrast, silent substitutions accumulate 
ughly ir independently of the rate at which the protein evol- 
g . Percentage divergence of replacement (R) and silent 
ubstitutions was calculated according to Lomedico er al.*° 

bovine. ANP OT gene. pair. Different values for replace- 











exons. A and C that encode for | 


GOSCTCCTGGGGAGECACTEC 


BER PERERAU ONE 


‘region of the bovine and rat Bovine c CCTGEGGACKTOGNGGE aa EN moses A 
prepro-AVP-NPII and - Ra 
:OT-NPI genes. a, The j 


-10 -l 
GAAGACATCGC 










OC CATTAGC CGA ~=C- ATA ACCTTGACC C~GGCACAGCCTCTGCAMATGAGGGGIG 3-6 s¢-G0-===C-6-GSGECGCAREECC TS sacct GCA 


oa [yee tee ee 4 RRR AE abe 


AGACCTG GCTGTGACCAGTCATGC AGTCA COCTCTTAGAC TOCEECAEATEGCTEGACA 





ete PEE | 


GGGCTCCTEGGGAGC-ACTGGGG AGGGGGTTAGCAGCCACG CTGETCGCCTCCTAGCC 


















RE ee 


CCGCTCA-GGC 


“150 -140 


-150 





A -10 =] 





cocrerTAGac ACCGTTÉCGCCCACGCÓGCCG-CCG GOÉTTAMMA GGCCAGACCCGAGAGACGGCCEC | - 


eee HERR HERRE # # # # # * 


pi Aaa AGGTCGSTCTGGGCTGGAG 


ment of the 5’ flanking bovine and rat*? O' r-NPI sequences, Homologous regions ranging from ~24 to ~32, —57 to ~67, —73 to —89, -100 | 
to ~ 105, ~127 to ~160 and —165 to ~176 are indicated by boxes. The direct repeats CCATTAGCC are indicated by arrows. The numbering 
in a and b refers to positions within the bovine genes starting upstream of the initiation site. The modified Goldberg-Hogness boxes are 







different functional parts of the protein precursor are obtained 
while the accumulation of silent changes is similar (R: 24.4, 
45.5, 44.9; 5: 56, 54.5, 41.7, 57.4 for signal peptide plus Pi 
Lys-Arg linker, hormone, N-terminal part of neurophysin2% Ao 
C-terminal part of neurophysin, respectively). Naturally, the _ 
converted exons B have very low silent (2.1) and replacement 
(1.9) changes. is 
In comparing the AVP-NPIL and OT-NPI exons of the rat’? 
we again notice different mutation rates at replacement and: 
similar rates at silent sites within the various functional parts of - 
exons A and C (R: 29.8, 14, 38.5, 32.7; S: 53.9, 54.5, 64.5, 
57.4). In exon B replacement changes are low as expected (2.6), 
but silent changes are also low (12.6). This 4-5-fold slower rate 
of silent substitutions in exon B (72% G/C) compared to exons 
A (61% G/C) and C (68% G/C) cannot completely be 
explained by a lower substitution rate due to a higher G/C 
content as observed by Smithies et al”? and suggests that an 
analogous but more remote gene conversion event involving 
exon B might also have occurred in the rat. On the basis of th 
mutation rate for silent substitutions calculated by Perle 
al”, we can estimate that the gene conversion in the rat ge 
occured approximately 10 Myr ago and in the bovine genes 
than 1 Myr ago. , P 
Amino acid sequence comparisons of the neurophysias: in 
various species?“ reveal strong conservation of that part of the — 
neurophysin encoded in exon B, suggesting the functional _ 
importance of this part of the protein. Intergenic conversion of — 
members of a gene family may guarantee coevolution of a 
sequence in closely related genes and thus" „may strongly con- — 
tribute to the conservation of vital function” . Alternatively, the 
conservation in amino acid sequence may simply | be. the acciden- _ 


















tal consequence of repeated gene conversions.. 
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Be A ser ryt 


"The Halobacterium halobium protein bacteriorhodopein con- 
_ Serves the energy of absorbed. photons by converting it into a 
_ transmembrane proton gradient’. Light absorption by bacterio- 
_ rhodopsin i is thought to drive a photocycle of intermediate states 
linked to the pumping of protons across the plasma membrane. 
; The earliest intermediate of this photocycle so far detected is 
-formed in 11-15 ps*”*, and this ste could involve a separation 
of charges within the protein” ?. Although an electrical 
: response signal with a time course correlating with that of the 
_ phetocycle has been measured for bacteriorhodopsin, so far it 
a hag not been possible to resolve a signal corresponding to the 
mitia charge separation’ 15. We report here the resolution by 
picosecond laser spectroscopy of an electrical signal apparently 
-` corresponding to a charge separation with a time constant of 
approximately 30 ps, which we attribute to the formation of the 
rst intermediate of the bacteriorhodopsin photocycte. io 
Experiments were carried out on dried oriented purple mem- 
brane samples as previously described!” The membrane layers 
were fixed on glass. plates covered by an electrically: conducting 
optically transparent SnO, thin layer. The samples were 
unted: onto a 50- Q coaxial connector. The outer electrode 














oe ys an N anced heei distributed feedback ave laser 

EDLY ® 19, This new, very versatile and inexpensive 
igösecond laser source provided single pulses of 55 ps and 50 pJ 
y at 10 Hz repetition rate. The electric response signal of 
! cae was o fed into the a ofa 14 GHz a 

















1 type 
0 rise ; time 100 EA The 1e oseiloscope output v was sigan 


_ 20 scans. b; Dotted line: the rising part of the signal measured a 


os puter simulation of the signal using equation: (1). RC = 1,800 Pe i 
| (determined from the decay of the signal), a 1) T= =10 ps, € Hi T 


(PERS) of bacteriorhodopsin is presented in Fig. 2. Like othe 
workers 


close to the laser pulse width and the oscilloscope rise time. For 


the measured signal. Supposing a linear system the output signal 


described by a a funenon with halfwidth S 55 
the hie PE a 


75ns delay 







triggering 9 
photodiode. 
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Fig. 1 Scheme of the saperia set-up. 
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Fig. 2 a, The ‘overall bhacteriorhedopéin electric response signal. ae: 
> For experimental conditions see Fig. I and the text. Average of oc oo 


with higher time resolution. Average of 32 scans. Solid line: com- oe 


30 Ps, (3) 7 r= 50 ps. 


A EE picosecond. protein electric response signal 









10-16 we found that this signal is negative with respect 


to the overall proton pump, the apparent rise time of which is 





this reason we used network analysis to decompose PERS from 


S(t) is determined by the convolution of the input and’ ‘the 
weighting function of each subsystems*’: 
S(t) = E(N@PNQC(NQO(t). 


where E(t) is the time distribution of the exciting. laser pul: 
































































-a gaussian function with halfwidth of 25 ps and & denotes the 
: operation of convolution. 7 
_ Note that equation (1) deals with time-independent bacterio- 
rhodopsin concentration, We also made detailed calculations on 
more sophisticated nonlinear models including bacteriorhodop- 
sin depletion and the back photoreaction of the first intermediate 
(K) to bacteriorhodopsin. However, they gave almost identical 
results at the laser intensity used, although big differences 
occurred at higher intensities. 

Equation (1) cannot be directly solved by deconvolution 
methods because of the high noise level. Instead we used a 
computer simulation of S(t) with a set of the probe value of tr 
and RC. The measured and computed curves are compared in 
Fig. 2b. Clearly the middle part of the measured signal fits well 
to the computed one with 7 = 30 ps. The ringing at the ends is 
probably due to the non-ideal response of the oscilloscope 
(fast-rising signal in a band limited system) and the connector 
(for example, presence of inductivity). The step at the first third 
of the signal may represent a reflection but also a real very fast 
unresolved phase in the sample response. The decay of the curve 
on Fig. 2a is much slower than its rise. According to equation 
(1), that is mainly determined by the RC constant of the 
measuring circuit (for detailed analysis see ref. 10) and really 
varied with the capacitance of samples. No additional significant 
PERS could be observed on the decaying part and on any larger 
time scale with the low input impedance used. 

Figure 2b suggests a charge separation process with a time 
constant of 30+ 10 ps. Considering the very close value of K 
formation time??? we attribute the measured PERS to this 
transition. Note, however, that the real frequency transfer limi- 
tation of the used sample and connector construction iS 
unknown, so the observed charge separation actually can be 
even faster, correlating with any state preceding K formation. 

The current models of bacteriorhodopsin to K transition?” 

suppose retinal isomerization and/or proton transfer. Both of 
“them predict the existence of the observed signal. The data 
presented here are not enough to distinguish between them but 
ultrafast PERS seems to be a powerful tool for investigating 
the molecular mechanism of bacteriorhodopsin photochemistry. 
. In addition, picosecond charge separation is nota unique feature 
of bacteriorhodopsin. Recently the observation of an electric 
signal faster than 200 ps was reported on chloroplasts”’. 

It is interesting to compare PERS of purple membrane with 
photocurrent generation in semiconductors. Both produce cur- 
rent in a measuring circuit upon illumination. Note, however, 
that the two systems work by crucially different mechanisms. 


The primary effect of light on semiconductors is only the gener- 


ation of mobile charges. At the same time a primary charge 


separation in bacteriorhodopsin molecules occurs even on exci- - 


tation by the polarization of retinal chromophore’*** followed 
: ; by isomerization or proton transfer. So light acts as a charge 
= generator on semiconductors but as a direct displacement 
_ current generator on ordered bacteriorhodopsin molecules. 

< We thank Drs Gy. Farkas, Z. Horvath, I. Santa and J. Hebling 
for their help with the experiments and Professor L. Keszthelyi 
< for fruitful discussions. 
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The stoichiometry and mechanism of redox-linked proton. - 
translocation by the mitochondrial respiratory chain is a major _ 
issue of debate in membrane bioenergetics. The function of — 
cytochrome oxidase is a focal point of disagreement. In 19% 
it was suggested that the terminal component of the respiratory 
chain, cytochrome oxidase, functions as a redox-linked proton : 
pump', That and subsequent studies were based mainly on _ 
measurements of proton ejection from mitochondria or from 
vesicles reconstituted with isolated cytochrome oxidase, or on S 
measurements of translocation of electrical charge equivalents _ 
across mitochondrial and vesicle membranes’ °. This proton- 
translocating function of cytochrome oxidase is confirmed here 
by a quantitative determination of proton uptake from the inside _ 
(matrix) of intact mitochondria. 
Several laboratories?™® have reported evidence in support of 
the notion that cytochrome oxidase translocates protons across | 
the mitochondrial inner membrane (see Fig. 1). However, the. 
groups of Mitchell’? and Papa?” continue to maintain that 
cytochrome oxidase does not translocate protons. The groups 
of Azzone?! and Lehninger’*, whilst supporting the proton- 
translocating activity ascribed to cytochrome oxidase, argue that 
the stoicheiometry of proton-pumping is higher than’ that- 
originally proposed and reported for vesicles containing yao" 
chrome oxidase. On the other hand, there is full agreement that. 
oxidation of succinate (or ubiquinol) by cytochrome c is associ~ 
ated with uptake of one proton from the matrix side per transfer- 
red electron (1 H*/e”), as also depicted in Fig. 1.00” vec 
Junge and his collaborators have shown that the pH-indicator 
Neutral red, which penetrates through membranes, responds- 
to energization of the chloroplast'*'*. If the pH of the- 
extravesicular solution is kept constant by a high concentration ` 
of an impenetrant buffer, the absorption changes of the dye- 
reflect intravesicular changes in H” ion activity. In a similar: 
way, Neutral red has also been used qualitatively to monitor 
pH changes in the matrix of isolated mitochondria’"!*, Although 
the indicator is mainly bound to the membrane of chloroplasts. 
it nevertheless seems to report changes in pH of, th : 
intravesicular space, at least in the time range relevant fo 




















the present work is indepe 
In the experiments repor 
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Fig. i ‘Scheie of proton translocation by. the cochon com- 
: plexes of: mitochondria. For the c cytochrome be, complex there is 
full agreement in the. literature”, For cytochrome oxidase my 
original suggestion is shown’?"®, Oxidoreduction is described on 
‘a one-electron basis according to the electrochemical convention. 
Heavy arrows denote proton translocation. Electron flow through 
subsections of the electron transport system. with ferricyanide as 
#lectron acceptor and ferrocyanide as electron donor is also shown. 
DH, succinate dehydrogenase complex: Q, QH;, oxidized and 
reduced forms of ubiquinone; c, cytochrome c; aa, cytochrome 
oxidase. 







> excess of succinate. Cyanide was present to block cytochrome 
_ oxidase. This experiment is directly comparable with the oxidant 


pulse method introduced by Mitchell et al’, except that the _ 
i _intramitochondrial rather than the extramitochondrial pH is 


_ monitored. After consumption of the added ferricyanide within 
_ a few seconds, the trace relaxes to the baseline with kinetics 
_ similar to the relaxation of H* ejection (compare with ref. 17). 
< Asis the case for extramitochondrial H* ejection, the relaxation 
of the trace is greatly accelerated by proton-conducting uncoup- 
_ ling agents, which at high concentrations abolish net alkaliniz- 
- ation entirely (not shown). Figure 2b shows that the extent of 
-x absorption change is linearly dependent on the amount of added 
-c oxidant, up to at least 100 nmol ferricyanide in these conditions. 
B. H*/ e` is known to be taken up from the matrix during 
tion of succinate by ferricyanide (Fig. 1), this yields a linear 







“AH”. The units of the abscissa of Fig. 2b can thus be teplaced 
«by nanomoles of H* ions. 
_ The Neutral red absorption scale calibrated i in terms of AH* 
was then used to determine quantitatively proton uptake from 
_ the matrix coupled to cytochrome c oxidase activity. Figure 3 
(trace c) shows the kinetics of intramitochondrial alkalinization 
during oxidation of ferrocyanide by O2, as catalysed by cyto- 
hrome c oxidase (see Fig. 1). Rotenone, antimycin and 
nyxothiazol were present to block NADH dehydrogenase and 
he cytochrome bc, complex (see ref. 18). 80 nmol of fer- 
inide was added first to exhaust endogenous reductants of 
erricyanide, and to calibrate the absorption change at 420- 
468 nm in terms of ferricyanide (Fig. 3, trace a). Measurements 
eutral red absorption during these additions of ferricyanide 
shown) revealed no significant intramitochondrial alkaliniz- 
n. Thus, as expected, ferricyanide elicits no true proton 
nslocation nker to the NADH-cytochrome c segmen of 















myxothiazol Iti is clear, therefore, that the ptoton a aloca: 
observed during oxidation of nae tana seh enic is due 








calibration of the absorption scale in terms of intramitochondrial 








at 420 nnr and 460.nm.. Upward deflections signify a decrease 
i aapa at the: e: wavelength. mentioned first, relative, to. t 
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Fig. 2 P roton uptake from the mitochondrial matrix. linked to 


reduction of ferricyanide by succinate. a, Traces obtained following 
additions of carefully calibrated aliquots of potassium ferricyanide. 
Upward deflections correspond to decreases in absorption. at 


575 nm relative to 590 nm. b, Absorption changes halfway in time l - 
between addition of the. oxidant and its exhaustion (compare with eS 


ref. 17) relative to the amount of added ferricyanide. 


Methods: The basic reaction medium contained 100 mM garse. a 


20mM KCl, .50mM | -N-2- -hydroxyethylpiperazine-N’ ra 
ethanesulphonate (HEPES buffer), adjusted to pH 7.4 with KOH. = 
Further additions were 3 uM rotenone, 210 uM N-ethylmaleimide ` 

(to block backflux of H™ in symport with inorganic phosphate; see 
refs. 1, 2,6), 1 MM KCN, 0.5 pg ml“ valinomycin (to prevent the’ 
formation of a membrane potential by making the membrane 
permeable to K*), 83 pM Neutral red and rat liver mitochondria 
equivalent to 0.83 pM of cytochrome oxidase (~5.9 mg of pro- 
teinml”'). After 2 min of incubation at 25°C 4.2 mM potassium 
succinate was added, followed by further incubation for 5 min. The 

final volume. was 1.2 mi. 
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Fig. 3 Determination of electron transfer and iaincenoudal ei 


matrix alkakinization during ferrocyanide oxidation. a, Measures 


ments of ferricyanide following two additions of 40 nrhol aliquots 


: of ferricyanide. b, Generation of ferricyanide following thë initi- E l 
` ation of respiration . with 1.67 mM_ potassium ferrocyanide, Cee 


Changes in Neutral red absorption following the initiation of | 
respiration with 1.67 mM potassium ferrocyanide. e 
Methods: The conditions were the same as for Fig. 2, except that: 

cyanide and succinate were omitted, and 0.25 pg mi~ ' antimyci 


plus 4.6M myxothiazol were added. Absorption changes < 


Neutral red were measured at 575 nm and 590 nm and ferricyani 


mentioned second, 








“Table 1 Proton ur ake from the mitocho drial natr 









» Respiratory rate fe 
HY e 


Condition — — (nmol e's i. 
As Fig3 o- 0. | S4{40.2s.d.) -1.87 (+0.11 s.d); n=14 
+4.2mM MgCl, o T6 (+0.9s.d.) -1.69 (+0.13 5.4.) n=9 





Experimental. conditions were as ; described in the legend to Fig. 3. 
The data refer to. experiments | with eight different preparations of rat 
liver mitochondria. The H*/e™ ratios were obtained from initial rates 
of proton uptake (Fig. 3c) and electron transfer (Fig. 3b), which were 
calibrated for each preparation of mitochondria as shown in Figs 2 and 
3a, respectively. Electron transfer between succinate and ferricyanide 
was assumed to result in uptake of 1 H*/e` from the matrix phase (see 
Fig. 1 and the text). | 





Antimycin-insensitive reduction of ferricyanide by endo- 
genous hydrogenated reductants can occur in some condi- 
tions'??° (Fig. 3, trace a). This causes scalar release of H* ions 
on the cytoplasmic side of the membrane, which should not be 
confused with true proton transport. During respiration with 
ferrocyanide (see Fig. 1) the rate of oxygen consumption (con- 
trolled separately with a Clark electrode; not shown, but see 
ref. 20) was found to match completely the net rate of generation 
of ferricyanide (Fig. 3, trace b), giving the electron transfer 
velocity. Without the pretreatment with ferricyanide there was 
in these conditions about 20% reduction in the net initial rate 
of production of ferricyanide relative to the consumption of O2, 
due to reduction of formed ferricyanide by an endogenous 
reductant'**° (see also Fig. 3, trace a). 

When the rate of absorption change of Neutral red was 
converted to AH” according to the calibration described above, 
it was found that the H*/e™ ratio of proton uptake was close 
to 2.0 during oxidation of ferrocyanide (Table 1). This confirms 
that generation of protonmotive force by the cytochrome oxi- 
dase reaction is twice as effective as that of succinate-cytochrome 
c reductase per transferred electron, in full agreement with my 
original proposal’ (Fig. 1). A threefold increase in the rate of 
oxidation of ferrocyanide brought about by addition of MgCl, 
had little effect on the measured H”/e™ ratio (Table 1). Note 
that proton uptake and electron transfer were monitored from 
about 0.4 s onwards after addition of ferrocyanide (Fig. 3, traces 
b,c), that is, almost from the onset of e` transport through 
cytochrome oxidase. 

The possibility that changes in light scattering might sig- 
nificantly affect the measurements of Neutral red absorption 
was tested by using several different pairs of wavelengths, but 
this did not change the results. Selected pairs of wavelengths 
that gave absorption changes due to Neutral red and light 
scattering in the same or opposite direction gave the same 
results. The conditions chosen in Figs 2 and 3 are particularly 
© insensitive to light scattering because measuring and reference 
. wavelengths are closely spaced. Further controls showed that 
- the absorption changes with ferrocyanide were blocked by 

cyanide, uncoupling agents’ or nigericin, and were drastically 
diminished in other conditions in which the mitochondrial pH 
gradient is minimized, for example when inorganic phosphate 
and succinate were added in the absence of N-ethylmaleimide. 
. Although it seems clear from these data, and from earlier 
data of others'*"'®, that the absorption changes of Neutral red 
-measure changes in intramitochondrial H* activity, the main 
‘conclusion is. independent of this notion. As the measured 
bsorption changes are fully. energy-dependent, the results show 
in any case. that cytochrome oxidase is twice as effective an 
energy converter as succinate~cytochrome c reductase. This is 
inconsistent with the hypothesis of Mitchell’? and Papa®'°, in 
vhich the energy-conserving efficiency is the same for these 
segments of the respiratot ry chain. It is also not consistent with 

e hypothesis of Azzone’’ and Lehninger et al.'*, according to 
th the energy-conserving efficiency i is three times higher for 

xidase.. reaction | than. it is for ‘succinate-cytochrome Cc. 








| O release on the oe side. of ihe a and 


synergistically to increase 


phentolamine (100 pM) but not by (+)propranolol (100 
|. Specific: | B-adrenergic antagonist. Furthermore, as si 1 









translocation of electrical charges have led to the model shown 
in Fig. 1. The present demonstration of uptake of 2 H”/e™ f 
the matrix side of the membrane during cytochrome c oxi 
activity completes this picture. | 

Whether Neutral red measures bulk matrix pH or mote g 
H*-linked changes on the matrix side of the membrane c 
be decided on the basis of the present results. Itcan neverthel 
be concluded that cytochrome oxidase functions as a prot 
pump with the proton-translocating stoicheiometry suggested F 
originally! (Fig. 1), and confirmed for cytochrome oxidase = 
vesicles. The method presented here may also prove helpful in 
further assessment of proton translocation by enzymes other Me 
than cytochrome oxidase. aed 
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Errata 


‘Insight’ in the pigeon: antecedents 
and determinants 
of an intelligent performance 


R. Epstein, C. E. Kirshnit, R. P. Lanza & L. C. Rubin 
Nature 308, 61-62 (1984) 


IN the third sentence of the first paragraph on page 61, ‘a classic 
problem with that Köhler confronted his chimpanzees’ should 
read ‘a classic problem with which . 












VIP and noradrenaline act 





cyclic AMP in cerebral cortex 


Pierre J. Magistretti & Michel Schorderet 
Nature 308, 280-282 (1984) 


ON page 281, the second and third. paragraphs should read A: 
shown in Fig. 1, the synergistic effect of 1 pM VIP and 10 
NA was antagonized by the specific a-adrenergic antago 














inic acid neurotoxicity 


ONCLUSIONS. have been presented by 

hwaite and Garthwaite’ based exclus- 
ly on light microscopic inspection of 
rebellar slices incubated in vitro that the 
eurotoxic effects of kainic acid (KA) do 
t involve an. interaction with L-gluta- 
te released from excitatory terminals. 





uced neuronal release of Glu and 


oo The. < fundamental. observation — of 
_ Ferkany et al? was that KA stimulates a 
_ calcium-dependent release of Glu and Asp 
_ from adult murine cerebellar slices incu- 
bated in vitro, an effect that has been 
_ extended to rat hippocampal and striatal 


_ Slices”. The response is mediated by recep- 


were poorly designed. 






_ tors specific for KA since neurophysiologi- 
_ «ally inactive analogues such as allo-KA 
a 1ydro-K A are ineffective, as are also 
_hyl-D,L-Asp and ibotenate, Glu 
_wmaiogues that act at different excitatory 
-Yeceptors. Tetrodotoxin does not block 
othe effect of KA**; thus, activation of 
dendritic KA receptors resulting in propa- 
-gation of action potentials is not respon- 
sible for the release of Glu as proposed 
_ by Garthwaite and Garthwaite!. Notably, 
500M KA is at least as effective in 
_feleasing Asp and Glu as is 35 mM K*, 
. which curiously is considered “a moderate 
_concentration of potassium ions” by the 
_authors. Developmental and lesion studies 
indicate that the glutamatergic granule 
cells are the source of KA-induced release 
of Glu in cerebellum”. Our findings have 
been independently confirmed in slice 
stuglies on the lateral olfactory tract‘, the 
atum and the cerebral cortex®; in these 
latter studies, concentrations of KA rang- 
ing from 10 to 100 uM Have been shown 
to enhance the depolarization-induced 
release of Glu and D-Asp. | 
= The authors imply that the results of 
our studies are artefactual since “the 
majority of cells in the slices used in this 
‘Study were dead”. Our slice technique has 
‘previously been demonstrated to maintain 
the. tissue content of high-energy phos- 
phates within the physiological range, the 
most reliable index of cell viability’. Using 
similar techniques, Nicklas et al? have 
demonstrated reversible effects of KA on 
ATP levels in cerebellar slices. As stated 
ingour report, histological analysis of the 
3 did not reveal the severe disruption 
of cellular integrity described by 
Garthwaite et al.” in mechanically chop- 
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ey reject our proposal? that the KA- 
spartate contributes to the neurotoxic — 


action of KA. Furthermore, they suggest - 
lat the procedures used in these studies? 


1983). 


tions of KA which “kill all neuronal cells 
in cerebellar slices”. However, the authors 
have demonstrated previously that 
maximal stimulation of cyclic GMP and 
cyclic AMP formation in cerebellar slices 
occurs with I1~SmM KA with dose- 
response curves resembling those 


described for KA-induced release of Glu 
and Asp'®. The authors, furthermore, — 
ignore the findings from tissue culture. 
Studies indicating that concentrations of 


_ KA ranging over 0.1-1.0 mM do not have — 

short-term cytotoxic effects on isolated — 
striatal explants devoid of glutamatergic - 
or on disaggregated 
cerebellar’ *>!* granule cells. And, as noted. 
above, the presynaptic effect of KA in- 


innervation !? or 


releasing Glu/Asp is detectable at 10 uM 
in depolarizing conditions®, a concentra- 
tion. range deemed relevant to the 
neurotoxic action of KA by Garthwaite 


faint atah a it 


Matters Arising 


Matters Arising is meant as a vehicle 
for comment and discussion about 
papers that appear in. Nature. The 
originator of a Matters Arising 
contribution should initially send his 
manuscript to the author of the ori- 
ginal paper and both parties should, 
wherever possible; agree on what is to 
be submitted. Neither contribution 
nor reply (if one is necessary) should 
be longer than 500 words and the 
briefest of replies, to the effect that a 
point is taken, should be considered. 
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and Garthwaite’. Finally, their experi- 
ment demonstrating that the combination 
of 34M KA and 3mM Glu lacks 
neurotoxic effects cannot rule out the role 
of a presynaptic effect of KA since by their 
own criteria this is a subtoxic concentra- 
tion of KA, 
In conclusion, substantial evidence has 
accumulated that the neurotoxic effects of 


KA are complex and require the integrity 


of excitatory afferents in several systems 
examined'*”'” and that KA directly stimu- 


dates or augments the depolarization- 


induced release of Glu/ Asp from excita- 
tory nerve terminals’ *. The report of 


Garthwaite and Garthwaite? does not 


directly address either of these issues. 


J, W. FERKANY 
R. ZACZEK 
J.T. CovLe* 
Division of Child Psychiatry, 
Departments of Psychiatry, Neuroscience, 
Pharmacology and Pediatrics, 
Johns Hopkins University School of 
Medicine, | 
Baltimore, Maryland 21205, USA 


* To whom reprint requests should be addressed. 
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TIZ Whetsell, W. O., Ecob-Johnston, M. S. & Nicklas, W.J 


13: Gibbs, W., Neale, E. A. & Moonen, G. Deol Brain Res. 


the postsynaptic action of the parallel fibre 2 : 


ity? . Using more direct methods, we found : 
this conclusion to be spurious’. Unfortu- 


< mental studies) support this conclusio 


2. Ferkany, J. W., Zaczek, 
757-759 (1982) 
3. Ferkany, J. W, & Ce 
399-406 (1983) 
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509-518 (1982), 
3. Collins, G. GGS An 
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GARTHWAITE AND GARTHWAITE 
REPLY—-In responding to our paper’, 
Ferkany et al. review evidence that kainate 
can cause the release of endogenous exci- 
tatory amino acids from brain slices and. 
that the neurotoxic effects of kainate in 
some brain areas or tissue culture systems 
are dependent on excitatory innervation — 
being intact. Much of this information has 
been available for some years and these 
overall conclusions are not at issue. ae 
In their paper”, however, these authors 
took matters a stage further by claiming — 
evidence for a causal link between the 
glutamate-releasing and neurotoxic 
effects of kainate in the cerebellum. There 
were two key elements in their proposal, 
both of which formed the basis of our own 
experiments. The first was that the 
neurotoxic actions of kainate involved the 
combined activation of postsynaptic 
receptors for kainate and the parallel fibre 
transmitter (glutamate). Thus. from 
studies of cyclic GMP accumulation, 
Ferkany et al. claimed that inhibition of 





























transmitter prevented kainate neurotoxic- 





nately, in interpreting their cyclic GMP. 
data, the authors may well have been mis- 
led by a report’ purporting to demonstrate. 
that cyclic GMP responses to kainate are 
potentiated in the presence of glutamate, 
a result which has subsequently been 
shown to be erroneous’, oa 

We showed, furthermore, using combi- - 
nations of kainate and concentrations of - 
glutamate known to activate postsynaptic _ 
receptors, that the availability of gluta 
mate postsynaptically was unlikely to be 
a factor which limited the neurotox 
potency of kainate. More detailed exper 
ments of this nature (including devel 


































t carried out to test the ror 

sresynaptic effect of kainate (see 
response by Ferkany et al. above).) 
- The second important element in the 
proposal of Ferkany et al. was that kainate 





induced the release of glutamate from pre- — 


synaptic parallel fibre terminals (thereby 
making this amino acid available for the 
‘hypothetical —_ postsynaptic/ neurotoxic 


‘effects discussed. above). However, the - 


dose-response curve for glutamate release 
y kainate (which covers the range 
"500 pM-10 mM)*” was found to be so far 
‘removed from the concentration range 
having neurotoxic effects (5-10 4M for 
the cells innervated by parallel fibres) that 
¿a causative relationship was considered 
unlikely’. (In their response, Ferkany ef 
al. for some reason, misquote our results 
on two counts, first regarding the con- 
“centrations of kainate required to kill all 
“neuronal cells (which is 30M, that is, 
well below the minimum glutamate- 
releasing concentration) and second, with 
respect to cyclic nucleotide formation: the 
_ dose-response curve for the cyclic GMP- 
stimulating ‘effect of kainate covers the 
range 3M (threshold) to 100M 




























a rkany et al. take 
exception to our interpretation’ that the 
poor cyclic GMP elevations registered in 
their slices reflect poor cellular preserva- 
tion (see ref. 7). Assuming the comments 








- As a final point, Fe 


made in their response to mean that the 
postsynaptic elements were, in fact, pre- 
served, this raises additional questions 


regarding the site and mechanism of gluta- 
mate release in the presence of kainate. 
Within a few minutes of application of- 


neurotoxic concentrations of kainate, 
neurones become irreversibly depolarized 
and their membranes cease to resist the 
free passage of ions’. We note that 
Ferkany et al. used 15-min exposures for 
monitoring amino acid release”. It might 
be considered unrealistic to expect to 
demonstrate a direct primary effect of 
kainate on presynaptic terminals when, at 
the same time, these terminals (together 
with other neuronal and glial elements) 
are being subjected to the drastic changes 
in their ionic, metabolic and electrical 
environment that would be expected to 
accompany the postsynaptic neurotoxic 


Sequence similarity between putative gene 


products of geminiviral DNAs 


_ STANLEY AND GAY' recently reported 
the determination of the complete nucleo- 

_ tide sequences of the two circular DNA 
molecules (DNAs 1 and 2) that make up 
the genome of cassava latent virus (CLV), 
a member of the geminivirus group. 
Several open reading frames (ORF s} cap- 
able of encoding proteins of molecular 
„weights greater than 10,000 were iden- 
- tified in both strands of DNAs 1 and 2. 
- Interestingly, two ORFs which are capable 
of encoding proteins of. similar sizes 
(molecular weights 30,100 and 29,200) 

„are present at equivalent positions on 


























amino acid sequences of these proteins by 
a computer-assisted method described 
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0,100 and 29,200 MW proteins, 


< DNAs 1 and 2. We have compared the. 
previously” and found that they are closely | 


Predicted MW 30100 protein (CLY DNAI+) 
Predicted MW 29200 protein (CLV DNA2+) 
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related (Fig. 1). Of all the positions com- 
pared in the aligned sequences, 43% are 
occupied by residues that are identical or 
chemically similar (gaps were considered 
as substitutions between dissimilar amino 
acids regardless of their length). Further- 


more, a statistical test shows that the simi- 


larity between the aligned sequences is 
highly significant, with a probability of 
occurrence by chance of 4.3x 107°. The 
presence of such extensive sequence simi- 
larity suggests that like the ORF of DNA 
1, which is known to code for the coat 
protein of CLV (ref. 1 and J. Stanley, 
personal communication), the ORF of 


DNA 2 also encodes a functional protein. 


Although no such extensive sequence 


similarities were found for other ORFs, — 


- synaptic. er 
-fore seem more appropriate than slice 
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However; kainate does not, apparenti 
cause significant release of glutamate ff 
such preparations’”. | 
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' the present result, together with the simi- 


larity in size of the two viral DNAs and _ 
the fact that they share a very similar — 
non-coding segment in common’, also 
suggests that the bipartite viral genome ` 
has evolved from a single common ances- 
tral DNA. | 
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Fig. 1 a, Similarity matrix comparison of amino acid sequence of predicted 30,100 MW protein, encoded by the (+) strand of CLV DN 
ordinate), with that of 29,200 MW protein encoded by the (+) strand of DNA 2 (abscissa). mipute y “a 
iagonal lines indicating segments of 20 residues long that C2) 
AW protein sequences. Aligned regions correspond to nucleotide positions $15-1,174 of DN/ 
respectively. Boxed residues indicate id n 
2). Gaps (—) were introduced to max 
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show sequence similarity (see ref. 2). b, Alignment of the 30,100 MW and 29 
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-A computer program was used to genera 





and 63 27 of DNA 2 (see Fig. 
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Now Calmodulin-Sepharose®4B 
~ and Calmodulin are available 
_ from Pharmacia | 
be Biologically tested calmodulin, its purity checked by 
. amino acid analysis, electrophoresis and UV 
spectroscopy, is available immobilized on Sepharose 


4B and as an essentially salt free, freeze-dried 
preparation. 


These reliable, high quality products are used to 
study: | 


® Cyclic nucleotide metabolism 

© Catt transport 

® Contractile processes 

è Glycogen metabolism 

© Control of the NAD/NADP ratio 
® Cytoskeletal control 

© Neurotransmission 

è Phosphatases 


Calmodulin-Sepharose 4B is supplied as a swollen 
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» Freeze-dried calmodulin is available in large 2 mg 
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Send for the free data sheet for a comprehensive 


survey on the applications and uses of these versatile 
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shop results. 


ving 
this 


The book deals with technical details, surveys the large 


number of antileucocyte reagents that have been 


duced, discusses current problems, and draws conclusions | 
concerning the future development of leucocyte typing: as 


pro- 


such. itis indispensable to the research immunologist. 
However, it also reviews the progress that has been made 


and provides a clear guide for the nonspecialist 


who 


wishes an up-to-date overview of this new field. The 
definition of antigens by monoclonal antigens now 


concerns almost all medical Specialties and a study 


of this 


kind is essential for present clarity and future progress. 
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Simples Propos d d’un Homme de Science. By Pierre Aine 
mann, 293 rue Lecourbe, 75015 Paris: 1983. Pp. 190. Pbk FF 74. 
ur une Prospective de la Science. Recherche et Technologie: 

les Enjeus de l’ Avenir. By Pierre Papon. 



















Ss teach scientists have the gift òf 
jülarizing the results of research, some 


"institutions, some philosophers enjoy 
“telling the practising scientist how he con- 


< trives to discover scientific truths, and rare- 


politicians are able-to say something un- 
- familiar about the ways in which scien- 


E üfi research may succeed in stimulating | 


: industrial developments. The two books 
` under review, both of them by formerly 
practising scientists who have drifted into 

politics via science policy, are distinctly 
unusual because they each embrace all of 
A these themes. 






| different. The themes treated by Aigrain 
< and Papon largely overlap; the criticisms 
they make of the institutions and habits of 
their country, France, are uncannily 
similar. But their priorities and even ideol- 
-ogies are very different, and so their 
responses to the inadequacies they identify 
-differ too. 
In addition to the themes listed above, 
= Papon focuses on two further issues — the 
role and nature of technological planning, 
~ and the problems of scientific forecasting. 
On the basis of many expert studies and of 
a number of early attempts which can be 
< compared with the actual. outcomes, he 
--takes.a sceptical view of forecasting, yet at 
othe end of the book he outlines three 
alternative scenarios of the French 
entific and technological future; these 
iodels, by his own admission, are 
impressionistic only, but none the worse 
for that, and they deserve close reading. As 







= totheroleof planningin the French scheme | 


< of things, this to Papon is absolutely 


central, the sine qua non of maintaining. 


~ and advancing France’s position among 
` nations. His preferred scenario is 






; a redicated on rigid planning (‘‘une mobil- | 


- jsation permanente et continue pendant 
< deux décennies’’). 
~The differences in style, emphasis and 
values between the two authors, both of 
them: physicists, reflect their different 
positions along the French political 
Apectrum. Aigrain, who after the Second 
d War acquired a doctorate in semi- 
onductor physics in the United States, 











dto become a professor in Paris and | 


to create the first solid-state physics 
h group in France; later he became 
'h director of France’s largest 
ic enterprise, Thomson, and 





; earch administrators have a penchant 
: for Analysing science ‘policy and scientific. 


‘The two books are very alike yet very 





eghers, 6 pl ee dis 75006 Paris: d 983. Ppr 383. Pbk FF 89. 


moved on to become Minister of Research | 
under Giscard d’Estaing. Papon, a` 
„younger man, worked as a research 
-physicist in thermal physics in one of the 


laboratories of the Centre National de la 


Recherche Scientifique (CNRS) before | 
-becoming professor in one of the Parisian 


Grandes Ecoles; via membership of the 


‘Committee of 10 Wise Men”, which 
advised Aigrain, and a role as scientific. | 
counsellor of the renascent Socialist Party, - 


he became Director-General of the CNRS, 
his present post. Aigrain, the conservative, 
is quite sure that science and technology 
progressed most solidly during the years of 
de Gaulle’s presidency — Pompidou, he 
admits, cared little for science. By contrast, 
Papon is critical of the long years of con- 
servative administration; he is convinced 
that: central definition. of technological 
objectives, establishment of sharp 
priorities between different sciences, and 
detailed planning of both academic 
research and industrial development are 
crucial to France’s emergence from the 
world economic crisis. 

Both Aigrain and Papon are convinced 


internationalists, and are thoroughly 


familiar with ‘‘Anglo-Saxon’’ work in 
both science and science policy; Aigrain’s 


American experience led him to foster- 


Franco-American cooperation, whereas 
Papon is an Anglophile, at home with 


British science policy research and a. 


wide range of books. which he quotes 
in his remarkably varied bibliography. 
(Aigrain’s book, which is based on a series 
of interviews and is much more informal, 
has no bibliography.) 

_ The books have in ‘common surveys of 
the early development of quantum physics, 


non-equilibrium thermodynamics, solid- 
state electronics and “‘informatics’’, and . 


biotechnology, while Aigrain adds 


intriguing overviews of the present state of 


cosmology and of the brain in terms of 
current neurological models, and of 
Thom’s catastrophe theory and its 
questionable extrapolation to sociology 
and ethology. Papon also discusses in some 
detail the interplay between nineteenth- 
century chemistry and the industrial 
competition between Germany and 
France. Both authors agree on the baleful 
influence of de Broglie, in the early years of 
quantum mechanics, in effectively 
suppressing French progress in this field 


view oF the subject; to this} 


sovereignty itself . 
-respond: “Yes, Minister!”’. (Yetde Gaulle, > 


because of his insistence on a deterministic | 
à 1e- A eminent scientists in their seventies ar 


necessary to. h v 
fashioned French. “patron” i in action 





professional communities can be damaged — 
by the powerful boss who always. knows © 
best, but in France the tyranny of the | 
patron has in the past been in a ‘class by 









itself. Woe betided the pupil or junior _ 


collaborator who sought a new post | 


without the patron’s advice and approval, _ 


or who sought to strike out in anew 
scientific direction! The most powerful __ 


patrons by degrees contrived to extend this 


stranglehold, initially over their immediate __ 


entourage, 


to the entire research | 





communities in their fields. Itisno wonder 
that the present administration of the 


CNRS, under Papon, has set an 


irrevocable limit to the years of authority: 


of an individual head of a laboratory. The y 
problem with this new rule is that many -` 


small laboratories (and most CNRS 


laboratories are very small by international.. 


standards) will lose their sense of direction 


when the patron is forced to hand over 
power toan inexperienced junior; the new 
CNRS rule, needed though it was, will 
work only where laboratories are 
combined into sizeable establishments 
which incorporate several lines of research, 
so that a number of scientists of similar 
standing work in a single administrative 
unit. 

Both authors discuss with an air of 
desperation the rigidity of the French 
administrative machine. According to 
Papon, the modernization of the telephone 
system and the electrification of- the 


railways were for decades wholly frustrated __ 
by interdepartmental rivalries. To quote 
- Papon. Gn translation): 
administrative machines, or the smaller. 


The major . 


services attached to individual Ministries, 


regard themselves to some degree as. the 


holders of State power and of a measure of = 


’, One can only 


by Presidential strength, was able to force- 
both these reforms through in a short time, 
and Giscard saw the admirable Train ©. 
Grande Vitesse through to the verge of 


operation.) 


Aigrain includes a fascinating chapter on 


his attempt to reform, in 1976, 


Presidential instructions. The Academy 


very influential in the early nineteenth 


century, had ossified into an affable club 


the. : 
Académie Francaise des Sciences, under 








Academy for any official advice since 1917. 
Ajigrain describes the very limited reforms, 
including an effective rejuvenation of the 
membership, he was able to push through 
against the concerted resistance of the 

_ Establishment. This chapter incorporates a 

-critical comparison of Academies in several 
countries. 


_ Another first-hand account by Aigrain 
_ deals with the early days of the Délégation 
= Générale a la Recherche Scientifique et 
-= Téchnologique (DGRST), set up by de 
Gaulle in 1958. This was an interministerial 
body of scientific advisers, independent of 
the established civil service, which also had 
some research funds at its disposal. Its aim 
was to bypass the rigidity of the French 
Establishment, especially when the need 
arose to ease the way for new disciplines, 
-< such as molecular biology. There were few 
_ permanent staff, and most collaborators 
-were scientists on a few years’ part-time 
secondment. It is a source of some alarm 
. that under the Mitterrand Government, 
this body. (somewhat akin to the Science 
“and Engineering Research Council in 
Britain) has been absorbed into the 
- Research Ministry, has more permanent 
staff and is much more subject to the 
influence of centrally imposed technolog- 
= -ical objectives: the DGRST increasingly 
resembles the CNRS, itself modelled at its 
creation in 1938 on the Soviet Academy of 
Sciences. The upshot may be that 
technological-type planning is applied 
much too rigidly to pure science, and there 
are already clear signs of this. Aigrain’s 
prediction (in translation) may prove 
apposite: 


It is not impossible that fifty years from now, if 
the mai francais persists, we shall end up with a 
Délégation Générale made up of a special corps 
of civil servants, graduates of a Grande Ecole 
created ad hoc and dug in for life. 


= The relationship between the DGRST and 
= the CNRS emerges most interestingly when 
<= “gnereads the two books together; Paponin 
particular treats very frankly the 
= difficulties of technological planning 
"which both these bodies now attempt. This 
discussion is worth comparing with Sir 
Geoffrey Allen's analysis of the creeping 
intrusion of dirigisme in British science (J. 
R. Soc. Arts 129, 490; 1981). 



















discuss the advantages and drawbacks of 
the French Grande Ecole system and its 
uneasy coexistence with the universities. 
niversities are bound to accept all school- 
ers who have attained a minimum 
andard.in. the baccalauréat, the national 
hool- leaving examination (though about 
al ave to leave without completing their 

Be: while entry to the Grandes 
coles, nany. of ueh havea mathematic- 










not ecognizet Í before 1976) And i the | hea 
yovernment had not, it seems, asked the | 


~. Both authors, Papon in particular, also 


preserves. 


lawyers. The university (French politicians 


realistically prefer to use the singular) is 


very closely and directly controlled by the 


Ministry of Education, whereas the / 


Grandes Ecoles, under a variety of 
Ministries, have more independence and 
diversity. The Ecoles produce virtually all 
the senior civil servants and managing 
directors of large concerns in France. In 
spite of their manifold handicaps, the uni- 
versities do most of the academic research. 
The Grandes Ecoles have, with some 
distinguished exceptions, proved durably 


so gely middle-class | and st ay of Eo 
a. l the “universities ‘administration. French fue cannot, at A 


produce professionals such as doctors and | 


- points, appear to agree. 









seems, do without them, and on this the — 
two authors, however different their view- 









Aigrain and Papon are subject like : 
us to the pull of ideology, yet they present i 
their subjects honestly, warts and beauty- 
spots included. Both of these bool 
well worth reading, but the two togeth 
are more than their sum. 





Robert Cahn was formerly Professor of — 
Materials Science at the University of Sussex ` 
and Professor of Metallurgy at the Université de oa 
Paris-Sud. es 





Utility of scarcity 
R.K. O’Nions 


Noble Gas Geochemistry. 

By M. Ozima and 
F.A. Podosek. 

Cambridge University Press: 1983. 
Pp. 367. £40, $79.50. 


THE chemically inert character of the noble 
gases (sometimes known as rare or inert 
gases), together with their very low 
abundance in planetary objects, renders 
them particularly valuable natural tracers 
for both terrestrial and extraterrestrial 
processes. It is not surprising, therefore, 
that considerations of the elemental and 
isotopic abundances of noble gases are 
becoming increasingly prominent in geo- 
chemical research, as analytical techniques 
improve. 

In recent years the existence of pri- 
mordial volatiles within the Earth’s mantle 
has been demonstrated using nobie gas 
tracers, and important constraints have 
been placed on interpretations of the 


| internal structure of the Earth. With the 


exception of the popular use of argon iso- 
topes in conjunction with potassium as a 
geochronometer, the number of prac- 
titioners of noble gas geochemistry has 
been small. One can confidently predict, 


however, that this research area will- 
expand significantly in the coming years | 


and play a more central role in the earth 
sciences. The publication of Noble Gas 
Geochemistry, the first book devoted to a 


comprehensive discussion of this topic, is 


thus particularly timely. 


In preparing a text in a rapidly evolving, | 
specialized subject area, there is the 


inevitable risk that the book will become 
redundant shortly after publication. The 
emphasis adopted by Ozima and Podosek 
in Noble Gas Geochemistry ensures that 
this fate will be avoided. The book is likely 
to remain a highly relevant introductory 
text for years to come. 

The authors start at the ground floor, 


_ many of the recent developments. 


! 4001, | Department of- Earth seers: Gas of 
and in the first four chapters present the | ae 


relevant nomenclature and the basic 
physical and nuclear chemistry of the noble. ~~ 
gases. Although the subject matter of the . 
first chapters necessarily contains a con- | 
siderable amount of tabulated data, itis 
rendered palatable by a lucid and easy style- 
of presentation: there is here a great dealof 
useful, accessible reference data. The — 
same lucid style characterizes the/ 
remaining chapters, which systematicall | 
deal with the abundance and isotopic © 
compositions of the noble gases in... 
meteorites and in the Earth’s hydrosphere,: = 
mantle and igneous and sedimentary. . 
systems. The layout is somewhat encyclo- 
paedic in style, but this is in fact a positive 
aid to finding information rather than. . 
evidence of pedantry on the part of the — 
authors. These sections are well written, 
packed with valuable information, and 
reflect the authors’ exceptionally good - 
grasp of the subject material. The last 
chapter reviews the models of Earth 
degassing and atmospheric evolution that 
have been proposed on the basis of the | 
abundances and isotopic composition of 
noble gases. ee 
If the hallmark of the book is the clari yo 
of presentation — extending beyond te- 
text, with its many poignant comments, to.. 
the well-prepared tables and figures — its 
strongest point is the thorough discussion 
of the basic principles. At this time the 










- book is well up to date, with an excellent — 


bibliography that includes references to S 





Noble Gas Geochemistry is likely to bein- 
valuable to geochemists and will find wide 
use as an introduction to the subject fora 
range of non-specialists at both the under- >: 
graduate and graduate level. While it isnot 
cheap, I suspect that many potential — 
readers will have to buy it because the 
library copy will always be out on Ic 
Ozima and Podosek have performed 
commendable task in producing a text on. 
what: they: themselves term ‘‘the utilit 
scarcity”. 
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THE use of cross-species comparisons to 


` being explicit and numerical has become 
“more respectable among systematists, 
-interest in understanding the logical and 
Statistical pitfalls of the comparative 
method has also increased. In The Explan- 
ation of Organic Diversity, Mark Ridley 
outlines a comparative method that is 
intended to take correct account of 
_ phylogeny. He illustrates its use by exam- 
ining the distribution of two phenomena: 
-precopulatory mate-guarding in arthropods 
_and anurans, and assortative mating for size 
in a variety of phyla. 
> The first 41 pages of the monograph will 
act the widest attention. Here Ridley 
sents a critique of previous approaches 
and an explanation of his own method. 
Previous workers have often engaged in 
Statistical tests of association between a 
phenotype and an environment, using indi- 
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| problem with this practice is that the statis- 


T iS » | common ancestor, 
< €valuate evolutionary patterns has been 
-growing rapidly in recent years. And, as. 
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ecies as the data points. Th 


tical tests presume that the species are inde- 
pendent, whereas they in fact are found in 
non-independent clusters in a hierarchical 


ingless correlations: we may find that all 
bird species living on mountaintops have 
long tails, but fail to notice that they area 
group of close relatives, and that the long 
tails were acquired only once, in their 


Ridley joins the ranks of those — suchas 
Clutton-Brock, Harvey, Baker and Parker 
~~ who are alarmed by the possibilities for 

Statistical bias in using species as if they 
‘were independent entities. The method he 
proposes involves finding or constructing’a 
phylogeny for the group under study and 
then, by minimizing the number of times 
that an independent origin must be 
assumed, inferring those points at which 
the phenotype has arisen independently. 
These, independent occurrences are then 
taken as the individual instances in con- 
structing a contingency table relating the 
phenotype to the state of the environment. 

Although this method, also previously 
used by John Gittleman, is immeasurably 
superior to previous practice, it does not 
completely exorcize the statistical] 
problems. In assigning positions of 
changes by minimizing the amount of 
change (a criterion that has acquired the 


Ld 


HECTOR 





































peas 
Ese 

. ¥ 

i k 








ELECTO 


























phylogeny. This -clustering creates mean- 


| it arose once, in the ancestor of 
| Which we assume also to ha 
environment E. In truth, P may 
_ Separately in the two lineages which them 


they were observations, Ridley’s test does 





examination of precopula and of 
-assortative mating by size. For each of 
| these a prediction is tested, using his 
_ | methods, and the data and method are pre-_ 
-| sented clearly. Ridley is frequently forced- 
-| touse existing classifications as if they were 
_ phylogenies, but unlike many authors heis 
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selves may or may not have entered 
environment E separately. The placements - 
of changes in the phylogeny are thus 
subject to error, so that there is more statis- 
tical uncertainty than Ridley’s test implies. . 
I cannot persuade myself that the test is _ 
always conservative. In treating the | 
inferences of placements of chahges asif | 
















not entirely achieve statistical respect- 
ability even though it is a considerable step o 
in that direction. e o 
The monograph is written with clarity, r 
considerable wit and a lack of false 
modesty. Without muddying the waters, : 
Ridley is able to refute most. of the 
arguments of those who criticize the 
comparative method. I was particularly —__ 
relieved to see that, although declaring his ce 
method to be “cladism”, he was able © a 
clearly to distinguish classification from 
phylogeny, something few systematistsdo. — 
Cladism, which is always being confused 
with completely unrelated doctrines such 
as punctuationalism or even Marxism, is- 
genuinely ambiguous on one point: 
whether it is a position on classification ora 
set of methods for inferring evolutionary 















history. Ridley uses Hennig’s methods in. 


the latter sense, explicitly disavowing any 
intention of taking a position on methods 
of classification. His dismissal of phylo- 
genetic inertia is much less satisfying, — 
however. The mysterious declaration that 
his methods could not cope with this 
inertia, coupled with his apparent lack of 
concern over such a state of affairs, leave 8 
me with the impression that I am in the- 
presence of the truest of panselectionists. 
The bulk of the monograph is a detailed 























aware of the limitations of this practice. 

If Ridley’s monograph is able to. 
persuade comparative biologists to. 
abandon counting species as though they © 
represented independent evolutionary 
events, it will have done noble work. But it 
would be unfortunate if Ridley’s clarity 
and persuasiveness caused his methods to 
be taken as the last word on the statistical 


analysis of comparative data. pei 
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> The Colonisation of Land: Origins and 

~ Adaptations of Terrestrial Animals. 
-By Colin Little. 

Cambridge University Press: 1983. 
Pp.290. £55, $99.50. 
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TO A biologist, the colonization of land by 
animals first conjures up a simple pro- 
gressive sequence — lungfish-like creatures 
evolving into amphibians, sorne of which 
became better adapted to drier conditions 


as reptiles, and from the latter group a line 


arising which led to the mammals. But such 


-- a picture ignores the many terrestrial 


invertebrates. The chordate groups con- 
stitute only one of about thirty phyla, and 
nine of the remaining twenty-nine inverte- 
brate phyla contain members living on 
‘land, the most abundant being arthropods, 
gastropod molluscs and earthworms. 

Dr Little has undertaken the task. of 
evaluating the literature on the probable 
evolution of the terrestrial members of 
each phylum from.an aquatic medium, and 
the much greater volume of work available 
on the morphological and physiological 
| adaptations to the new. environment, 
especially in relation to. salt and water 


balance (including permeability, nitro- 


` genous excretion, respiration and repro- 
duction): Colonization of land from the 
sea has four possible routes — ‘directly via 
the marine littoral zone; via mangroves and 
the salt-marsh habitat; from brackish and 
fresh water; or through the subterranean 
interstitial ground water between sea, fresh 
water and land. Then, of course, there is 
the reverse movement of terrestrially 
adapted animals back. to an aquatic 
environment. 

Animals on land vary in the degree to 


< which they are completely emancipated 


from water. Thus different families of 
Jand-crabs seem to have reached land via 
the marine littoral or brackish water route; 
crabs have to go back to the sea to breed, 

but their gill filaments do not collapse when 


“the crabs are out of water and there is 


usually increased vascularization of the gill 
chambers with a thinning of the cuticle in 


ake | the upper parts to form lungs. By contrast, 


other land crustaceans such as isopods and 
| amphipods. are considered to have taken 
-the marine littoral route without under- 
- going substantial structural and physio- 
“logical changes. The same path seems also 
-to have been used by nemertines and 
_chelicerates, | the latter including the 





: arachnids, ‘scorpions and other groups 
-each or which may have arisen at different 








“Little ar argues tl that the interstitial environ- 
3 ine and mianga sands, 


| says, even the possibility that the ancestors 
of myriapods and joseets | came oi a 


marine interstitial habitat. 
From fresh water seem to have come 


platyhelminths, earthworms and leeches, 
crayfishes and the vertebrates. Terrestrial 
molluscs appear to have used three routes 
— two prosobranch groups arriving via 
fresh water; another prosobranch group (a 
family related to the marine intertidal 
Littorina spp.) via the marine littoral and 


_ possibly the mangrove habitat; and the pul- 


monates from-salt marshes. , 
All the conclusions reached by Little are 


bution and, especially, on considerations 
of comparative morphological, 
behavioural and physiological data, 
including modifications in excretory 
organs, integuments, respiratory surfaces, 
the osmotic and ionic composition of 
haemolymph. and the characteristics of its 


; the up-to-date information on the eco- 













e greatest value of the boo 








logical physiology of aquatic and terrestrial 
groups. The data are given in 49 tables a 
132 figures, all of which (apart fromt ' 
photographs) are redrawn from pt 
work in an eminently clear style. ” 
1,525 references afid adequate. gen 
taxonomic and author indexes. ` 

As the culmination of ten years’ wo 
Dr Little has produced a valuable book 
which is written with great clarity. He has 
brought together an immense amount of 


| information on adaptations to aquaticand 
based on the evidence of present distri- { p q a8 


terrestrial habitats, particularly in the 
invertebrate groups, and has put forward 


reasonable conclusions on the origins of : 


different terrestrial animals from an 
aquatic habitat. O 
E R E EE TRA 
James D. Robertson is at the Department of — 
Zoology, University of Glasgow. 
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Planning prehistory 
Robert Foley 


Ascent to Civilization: The Archaeology 
of Early Man. 

By John Gowlett. 

Collins/Knopf: 1984. Pp.208. 
£10.95; pbk $14.95. 





THE character of our owt species can be 
illuminated from a variety of sources. 
Comparative anatomy, the behaviour of 
primates, fossil evidence, the pattern of 
contemporary humans and of their 
cultures can and have all been used to tell 
the story of the emergence of man. Books 
on the subject, stretching back to Lyell, 
Lubbock and Darwin, have ranged from 
the dogmatic to the doggedly detailed to 
the downright lunatic: The latest, by John 
Gowlett, is based firmly on the archae- 
ological record, concentrates on the 
material evidence rather than speculation, 


analogy or theory, and certainly has the | 


advantage over its nineteenth-century fore- 
runners of excellent photographs and 
diagrams of the sites of early man. 


From its title, Ascent to Civilization | 


ought to be extracted highlights from two 
television series =- Jacob Bronowski’s The 
Ascent of Man and Kenneth Clark’s Civil- 
ization. However, where Bronowski and 


Clark dwelt on the last two thousand years, — 


Gowlett is interested in the preceding two 
million, the achievements of which are 
written in stone and bone. Despite this 
chronological discrepancy, the book is 
comparable to those two series in terms of 
clarity, lavishness and the tracing of 


products. 
Gowlett’s task is to document the 


f archaeological evidente of the Ston 





through the archaeological record. But the- 
_ doubt remains that this is explanation y 
| hindsight. The benefits of planning and 
- forethought seem self-evident now, but the- 


they should have been selected for in a 
_ primate in Africa some two million year 
ago remain to be revealed. However, i th 
. excellent book Gowlett has made availa 


cultural development through material ee man must be based. 





but the context is provided by discussions 
of the relationship between hominids an 
apes, by theories of human evolution, ; 
especially by sections showing the naturs 
archaeological and palaeoenvironmental F 
methodology. In this, two points stand- 
out. First Gowlett is keen to present the- 
basic evidence of archaeology, not to` 
pursue the labyrinthine history of dis- 
covery and terminology. And, second, heis 
remarkably up-to-date and accurate across: 
an enormous range of time and material. 
Consequently the book provides an 
extremely accessible and a 
account of the Stone Age. 

Although Gowlett’s principal aim is to` 
show the pattern of prehistory, his own 
conception of what it means to be human. 
comes through. Man is a planner. His 
success and uniqueness as a species reflects 
his ability for forethought, and prehistory _ 
records increasing planning and organ 
zation of human societies. This empii 
on mental abilities marks a return to.¢F 
views on htiman evolution, in cont 
the currently popular bioenergetic anc 
mechanistic approaches. Gowlett makes a 
good case for seeing the human brain as 
more than an environmental epiphe-— 
nomenon, and for tracking mental abilities 



















reasons why (despite the costs involved). 

















to a wide audience the wealth of material- 
and methods on which the debate abo 


i Robert Fole isa Lecturer in thë ‘De na 
character of man from the fossil and | ment r | 
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-the 13th International Symposium held September 
-. 1982, Brighton. J. THOMPSON (ed.). Academic: 
_ 1983. Pp.592. ISBN 0-12-689160-5. £66, $99.50. 
Quantitative Electron-Probe Microanalysis. V.D. 
- SCOTT and G. LOVE (eds). Ellis Horwood? Halsted: 
» $983. Pp.345. Hbk ISBN 0-85312-514-7; pbk ISBN 
© 0-853.12-672-0, Hbk np; pbk £12.50, $21.65. 

Remote Sensing: New Satellite Systems and Potential 
Applications. European Space Agency. 1983. Pp. 166. 
-FF 90. 

>o Space Applications at the Crossroads. Science and 
< Technology Series, Vol.55. J.H. McELROY and E.L. 
-HEACOCK (eds). American Astronautical Society: 
1983. Pp.296. Hbk ISBN 0-87703-186-X; pbk ISBN 
~ 0-87703-187-8. Hbk $45; pbk $35. 

‘Techniques for Image Processing and Classification 
<in Remote Sensing. By R.W. SCHOWENGERDT. 
. Academic: 1983. Pp.249. ISBN 0-12-628980-8, $25. 

Treatise on Materials Science and Technology, 
Vol.25; Embrittlement of Engineering Alloys. C.L. 
BRIANT and S.K, BANERJI (eds). Academic: 1983. 
Pp.623, ISBN 0-12-341825-9. 389. 

The Trouble with Technology: Explorations in the 
Process of Technological Change. S. MACDONALD, 
D, McL, LAMBERTONand T. MANDEVILLE (eds). 
Frances: Pinter: 1983. Pp.224. ISBN 0-86187-285-1. 
= £16. 

Wave Propagation and Remote Sensing. Pro- 
‘ceedings of URSI Commission F Symposium held June 
-C1983 Belgium. European Space Agency: 1983. Pp.493. 
~“: No Pbk ISBN. FF 175. 


Biological Sciences 

Coherent Excitations in Biological Systems. H. 
FROHLICH and F. KREMER (eds). Springer-Verlag: 
1983. Pp.224. ISBN 3-540-12540-X /0-387-12540-X. 
DM 59, $24.40. 

Contemporary Nephrology, Vol.2. S. KLAHR and 
y S.G.. MASSRY (eds). Plenum: 1983. Pp.793. ISBN 
: 0-306-41303-3. $75. 

Culture of Marine Invertebrates: Selected Readings. 
C.J. BERG Jr (ed.). Hutchinson Ross: 1983. Pp.385. 
ISBN 0-87933-105-4. Np. 

Current Topics in Microbiology and Immunology, 
Vol.105. M, COOPER er al. (eds). Springer-Verlag: 
1983. Pp. 184. ISBN 3-540-12492-6/0-387-12492-6. DM 
112, $43.50. 


Development in Mammals, Vol.5. M.H. JOHNSON | 


(ed.). Elsevier Biomedical/North-Holland: I 983. 
Pp.381. ISBN 0-444-80506-0. $93, Dfl. 220. 

Development of the Vascular System. Proceedings of 
a Ciba Foundation Symposium held January 1983. 
= Pitman: 1983. Pp.254. ISBN 0-272-79732-4. £25, $35. 
‘The Diversity of Crop Plants. By J.G. HAWKES. 
Harvard University Press: 1983. Pp. 184. ISBN 0-674- 
oo. 21286-X, £16. ES 











BN 90-247-2820-7. DG 150, $65.50. 
Biology of Drosophila, Vol.3c. 

2 CARSON and J.N, 

ademic: 1983, Pp.484, ISBN 





Diseases. By 


he Geographical Distributie 
S. ODEND'HAL. 


A he 






Pp.493. ISBN 0-12-524180-1. $49 


on the Biology of Human Cancer Report No.17., K. 


OKUDA and I. MACKAY (eds). international Union- 


Against Cancer: 1983. Pbk ISBN 92-9018-073-9. 5 wFr, 
44, $22. 

Heterosis: Reappraisal of Theory and Practice. R. 
FRANKEL (ed.). Springer-Verlag: 1983. Pp.290. ISBN 
3-540-12125-0/0-387-12125-0. DM 118, $50.90. 

Hypertensive Intracerebral Hemorrhage. M. 
MIZUKAMI ef al. (eds). Raven: 1983. Pp.272. ISBN 
0-89004-8 12-6. $53.50. 

Neuroendocrinology of Aging. J. MEITES (ed.). 
Plenum: 1983. Pp. 383. ISBN 0-306-41310-8. 345. 

The Neurohypophysis: Structure, Function and 


Control. Progress in Brain Research, Vol.60. B.A. | 


CROSS and G. LENG (eds). Elsevier Biomedical/ 
North-Holland: 1983. Pp.542. ISBN 0-444-80479-X. 
$119.25, Dfl.280. 

Nutrition and Brain Development. By G.A. 
DHOSPESHWARKAR, Plenum: 1983. Pp.196. ISBN 
0-306-41060-5. $29. 50. 

Oxygen Transport to Tissue — IV. Advances in 
Experimental Medicine and Biology, Vol.187. H.L 
BICHER and D.F. BRULEY (eds). Plenum: 1983. 
Pp. 633. ISBN 0-306-41192-X. $85. 

Paleolimnology. Developments in Hydrobiology. 
Vol.15. Proceedings of the 3rd International 
Symposium held in Finland. J. MERILAINEN, P. 
HUTTUNEN and R.W. BATTARBEE (eds). Dr W. 
Junk: 1983. Pp.318. ISBN 90-6193-766-3, DG 200, $80. 

Parasitology: A Global Perspective. K.S. WAR REN 
and J.Z. BOWERS (eds). Springer-Verlag: 1983. 
Pp.292. ISBN 0-387-90840-4 /3-540-90840-4. DM 98, 
$33.20. 

Penguins: Past and Present, Here and There. By 
G.G. SIMPSON. Yale University Press: 1983. Pp. 145. 
Hbk ISBN 0-300-01969-6; pbk ISBN 0-300-02095-9, 
Hbk np; pbk £3.95. 

The Peripheral Arterial Chemoreceptors. Pro- 
ceedings of the 7th International Symposium held 
September 1982, Leicester. D.J. PALLOT (ed.). 
Croom Helm/Oxford University Press: 1983. Pp.414. 
ISBN 0-7099-2041-5/0-19-520440-9, £27.50. 

Physiological Plant Ecology IV. Ecosystem Process: 
Mineral Cycling, Productivity and Man’s influence. 
O.L. LANGE et al. (eds), Springer-Verlag: 1983. 
Pp.644. ISBN 3-540-10908-0/0-387-1 0908-0. DM 290, 
$112.60. 

Physiology of Adrenocortical Secretion. Frontiers of 
Hormone Research, Vol.}1. By T. SUZUKI. Karger: 
1983. Pp.216, ISBN 3-8055-3644-5, SwFr. 132, $79.25, 
DM 158. 

The Physiology of Excitable Cells. Proceedings of a 
Symposium held November 1982, Santa Monica. A.D. 
GRINNEL and W.J. MOODY Jr (eds). Alan R. Liss: 
1983. Pp.620. ISBN 0-8451-2704-7, £55, 

The Pineal Gland and its Endocrine Role. NATO 
Advanced Science Institutes Series, Vol.65. J. 
AXELROD, F. FRASCHINI and G.P. VELO (eds). 
Plenum: 1983. Pp.604. ISBN 0-306-41359-0. $82.50. 

Placental Physiology: Structure and Function of 
Fetomaternal Exchange. By J.J. FABER and K.L. 
THORNBERG. Raven: 1983. Pp.208. ISBN 0-89004 
-978-5. $41. 

Plant Peroxisomes. By A.H.C. HUANG, R.N. 


- -TRELEASE and T.S. MOORE Jr. Academic: 1983. 


Pp. 252, ISBN 0-12-358260-1. $34.50. 

Prostaglandins and Related Substances. New 
Comprehensive Biochemistry, Vol.5. C. PACE- 
ASCIAK and E. GRANSTROM (eds). Elsevier Bio- 


medical/North Holland: 1983. Pp.229. ISBN 0-444- | 


80517-6. $55, Dfl. 129. 
Receptor-Mediated Endocytosis. Receptors and 


T. ROTH (eds). Chapman & Hall: 1983. Pp. 304. ISBN 
0-412-24820-4. £35, l 
Receptors as Supramolecular Entities. Advances in 
the Biosciences, Vol.44. Proceedings of the Biannual 
Capo Boi Conference held June 1981, Haly. G. 
BIGGIO et al. (eds). Pergamon: 1983. Pp.476. ISBN 
0-08-029804-4. £55, $100. 
Reptitian Lungs: Functional Anatomy and Evo- 
lution. Advances in Anatomy, Embryology and Cell 
Biology, Vol.79. By S.F. PERRY. Springer-Verlag: 





| he 
Hepatocellular Carcinoma: A Series of Workshops 


_ Hbk np; pbk £9.50, $15. 


` ISBN 0-89766-198-2; pbk ISBN 0-89766-199-0. Hbk. 


Frid: 


0-521-25513-9. £15, $29.95. . a 
Sandy Beaches as. Ecosystems. Developments. in 
Hydrobiology, Vol.19. A. McLACHLAN and T. 
ERASMUS (eds). Dr W. Junk; 1983. Pp. 757. ISBN 
90-6193-770-1. DG 300, $120. 

Social Insects: Ecology and Behavioural Biolog) 

M.V. BRIAN. Chapman & Hail: 1983. Pp.377. Hbk 
ISBN 0-412-22920-X; pbk [SBN 0-4 12-22930-7, Hbk 
£25, pbk £12.95. Aereo on 

Solid Phase Biochemistry: Analytical and Synthe! 
Aspects, Chemical Analysis, Vol.66. W.H. SCOUTE 
Wiley: 1983. Pp.779. ISBN 0-4 71-083835-5. 
£71.25, $99.73. . 

Somatosensory Integration in the Thalamus: A Re- . 
evaluation Based on the New Methodological =: 
Approaches. G. MACCHI, A. RUSTIONI and R, =, 
SPREADICO (eds). Elsevier Biomedical/North- — 7 
Holland: 1983. Pp.396. ISBN 0-444-80485-4. $115, 
DIf.270. 

Symbiosis in Parent-Offspring Interactions. L.A. 
ROSENBLUM and H. MOLTZ (eds). Plenum: 1983. 
Pp, 284. ISBN 0-306-41410-4. $29.50, | 

Teratocarcinoma Stem Cells. Cold Spring Harbor: 
Conferences on Cell Proliferation, Volio. L.M.: as 
SILVER. F.R, MARTIN and S, STRICKLAND (eds). 
Cold Spring Harbor Laboratory. 1983. Pp. 743. ISBN. 
0-87969- 160-3. $85 (US), $102 felsewhere). 

T Lymphocytes Today. J.R. INGLIS {ed.). Elsevier 
Biomedical/Nerth Holland: 1983. Pp.193. Pbk ISBN 
Od44-80525-9, $19.50, £9.50. 

Understanding Leukemia. By C.P. MARGOLIES 
and K.B. MeCREDIE. Charles Scribner’s Sons: 1983- 
Pp. 248. ISBN 0-684-17978-4. $15.95. p 

Vegetationskunde. By K.H. KREEB. Verlag Euges, 
Ulmer GmbH: 1983. Pp.331. ISBN 3-8001-2499-8. 
DM 56. : 

Virology: An Information Profile. By Re” 
NICHOLAS and D. NICHOLAS. Mansell: 1983 
Pp.236. ISBN 0-7201-1673-2. £15. 

Xylem Structure and the Ascent of Sap. By M.H. 
ZIMMERMANN. Springer-Verlag: 1983. Pp.i43. 
ISBN 3-$40-12268-0/0-387-12268-0. DM 54, $22.30. 

Yeasts: Characteristics and Identification. By LA coc 
BARNETT, R.W. PAYNE and D. YARROW. 
Cambridge University Press: 1983. Pp.811. ISBN wat 
0-521-25296-2. £75, $150. 











Computer Science 


Computational Linguistics. N. CERCONE (ed Ji 
Pergamon: 1983. Pp.245. ISBN 0-08-030253-X. L2, 
$37. 50. ae 

The Computer Modelling of Mathematical — 
Reasoning. By A. BUNDY. Academic; 1983. Pp.320. ve 
Hbk ISBN 0-12-141250-4; pbk ISBN 0-12-1413526. 









Real Time Programming 1981. Proceedings g 
IFAC/IFIP Workshop held August-September! 
Japan. Annual Review in Automatic Programi” 
Volli. T. HASEGAWA (ed.). Pergamon: 158 
Pp. 138. ISBN 0-08-030411-7. £35, $71. 


SSUUTEETENUTETHTEESTO NUNIT ITRTTETIOT AARAA i 


General Es 
North Sea Dynamics. By J. SUNDERMANN and W,- 
LENZ. Springer-Verlag: 1983. Pp.693. ISBN 
3-540-12013-0/0-387-12013-0, DM 98, $42.30. oe 
Ocean Science, 2nd Edn. By K. STONE. Wiley: soe 
1983. Pp.673. ISBN 0-471-86719-5. i 
Reliability Theory and Its Application in Structural- 
and Soil Mechanics. P. THOFT-CHRISTENSEN - 








| | (ed.). Martinus Nijhoff: 1983. Pp.662. ISBN 
Recognition Series B, Vol.13. P. CUATRECASASand 





90-247-2859-2. Dfl. 200, 387. 

Science and Public Policy. Annals of the New’ 
Academy of Sciences, Vol.403. F.S. STERRETT (ed. 
New York Academy of Sciences: 1983. Pp.120. Hbk 











np; pbk $24 | eae 
Soil Micromorphology, Vol.1: Techniques and 






1983. Pp.81.. Pbk ISBN 3-540-12194-3/0-387-12194-3. | ULLOCK and C.P. MU 


DM 56, $21.60. . oo 










_in Chemistry and Biology 

_ Proceedings | 

_ Third International Conference 

‘Neuherberg, Federal Republic of 
Germany, July 10-15, 1983 

| i Editors Wolf Bors - Manfred Saran - David Tait 

1984. 17 cmx 24 cm. XIX, 1029 pages. Numerous illus- 


| trations. Hardcover. DM 250,-: approx. US $113.75 
ISBN 3 11009704 4 a i E 















Contents (Main Chapters) Sah 

Physico-Chemical and Chemical Properties of Oxygen 
“ Radicals Generation and Reactions of Inorganic and 
aope Organic Radicals - Activated Oxygen Species in Fatty 
4 - Acid and: Lipid: Peroxidation. - Oxygen Activation by 
Pp Metal Complexes and Metallo-Enzymes Photooxida- 
-| = tion and Singlet Oxygen -Oxygen Radicals in Radiation 
|. Biology - Oxygen Toxicity and Detoxifying Systems | 
|} Superoxide Dismutases - Physiological Aspects of Oxy- 
gen Radicals - Medical Aspects of Oxygen Radicals - 
Forum Discussion - List of Contributors. Subject Index. 


W Progress in Tryptophan 

and Serotonin Research 
Proceedings oa 
Fourth Meeting of the International 
Study Group for Tryptophan Research 
ISTRY | | 
Martinsried, Federal Republic of 
Germany, April 19-22, 1983 


Editors H.G. Schlossberger -W. Kochen -B. Linzen - 
H. Steinhart | 


1984. 17 cmx 24cm. XIX, 889 pages. Numerous illus- 
trations. Hardcover. DM 240.~: approx. US $109.25 
ISBN 3110097605 


Cerna tA dinae aaan SOSEO SOO 
ae 





‘4s, Contents (Main Chapters) 
= 1) Opening Session - Qualitative and Quantitative Analy- 
Sis of Tryptophan and its Metabolites - Workshop: Analy- 
sis of Tryptophan - Tryptophan and Serotonin: Neuro- 
|. Biology Workshop: Clinical and Behavioural Effects of 
e Tryptophan — Pathology, Clinical Aspects’ Nutritional 
| Aspects — Tryptophan Metabolism in Plants and 
| _ Microorganisms - Tryptophan in Proteins and Peptides - 
_ | Author Index - Subject Index. ~_ eee 
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beverages. 


Primary research reports. will _ form the. core | 


| and present the essential features of topics and 
provide the considered opinions of experts, rather 












AFRC Food Research institute, 
Coiney Lane, Norwich NR4 PUA. 







Volume 4, 198. : {Quarterly) 
£42.00 (UK)/$98.00 (overseas) 


The microbiology cf food, soft drinks and alcoholic | 
beverages is a major. area of microbiological. | 
science and practice. Since relevant publications f 
in the area have been spread over a wide range of | 
journals, Food Microbiology has now been stariedio f- 
provide a means of communication inthe field. a 


The journal will be of direct interest to microbiologists | _ 
in the food and beverage industries, fo research |. 
workers in other areas of biotechnology, and to |. 
microbiologisis in. academic and government f 
laboratories, who are concemed with food and. 


of the journal, with additional features such as short 


communications, reviews, reports of meetings, book | - 
_ Feviews, letters and news items. A substantial propor- 


tion of published material will. relate to food | 
spoilage and safety and to developments arising 
out of current microbiological research. Material | 
relating to the developing areas of predictive f 
microbiology, rapid methodology and the applica- 
tion of chemical and physical approaches to food ee: 
microbiology will be featured. The journal will also” 


publish state of the artreviews on topics of relevance 


to food and drink microbiology. The reviews will distil 





than summarising all past work. 


















For cell culture 
the waiting is over! = 


SER 


ULTROSER G 


A true substitute 
for serum available right now! 











JA 


f ~ 
Vero celia! plate (x 10%) Celt number / mi x 10" 
10 10 
8 a ULTROSER G Packaged in 
7 18 times the 
ê 6 ‘ 
5 equivalent of 
4 4 50 ml of fetal 
i à calf serum 


nN 
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Available in FRANCE Developed and LKB Produkter AB Box 305, 
by Réactif IBF seca 8-161 26 Bromma SWEDEN 


POINTET-GIRARD | i 3 F Stockholm, Athens (Middle East), Copenhague, Ghent 
Zoetermeer. London, Luzern, Munich, Rome, Turku, 
eP. RHONE-POULENC Circle No.03 on Reader Service Card. Vienna, Washington. Representatives in 60 countries... 









ae scopy, and fluctuation spectroscopy (or 


— _ taneous measurements can be made of 
| particle size (1-3,000 nm), molecular 


antibiotic sensitivity testing, and morethan 








inalytica ’84 is a major exhibition of laboratory equipment, 


Malvern Instruments’ new 4600 mole- 
cular analyser combines in one instrument 
“the two techniques of angular dependent 
total intensity light-scattering spectro- 









































-Photon correlation spectroscopy). Simul- 








weight (107 - 1012), diffusion coefficient 
(10° 10”), and virial coefficient. 

_ Circle No. 128 on Reader Service Card. 

_@ Malthus Instruments show the latest 
version of their microbiological growth 


point. and LED display of CO, tension to 
within + 0.1% with completely automatic 


system prevents excessive CO, tension. 
CO, range is 0 to 20%. No external air 


required. Temperature range is ambient 
+5 to 60°C controlled + 0.1°. Also from 
Precision Scientific is.a new version of the 
DD-20 portable vacuum pump. This 
compact direct drive vacuum pump has 
free air capacity of 20 litres per minute and 
will reach an ultimate vacuum of 0.667 
pascals. Precision Scientific products are 
shown at Analytica ’84 on the Uniequip 
stand, 

Circle No. 132 on Reader Service Card. 


as this increases. This system allows one 
mputer and microprocessor to control 
= various water incubators running at 
_ different temperatures from 4°C to 45°C 
_ -and allows varying scanning times to be 
carried out on cells of different volumes 
containing different samples. Results on 
- -any of the cells can be examined at any time 
and graphics can also be obtained on 
_ command. Malthus systems are available 


Hypersil column packing materials and 
for blood culture, urine screening and 


pre-packed columns in 3 and $ un sizes, 


_ 30 method sheets are available from the 
-Circle No. 129 on Reader Service Card. 
~.@ As European distributors, Sterilin will 
be exhibiting a comprehensive range of 
Bellco biotechnology products on its stand 
` ati Analytica ’84, Equipment on view 
’ es incubators, roller bottles, stirrers, 
_ Plaque viewers, media bottles and a 
‘selection of flasks and special nose-piece 
Pipettes. Sterilin products on display will 
include the full range of tissue culture 
plastics, the new ESR unit (designed to 
reduce the risk of leakage during transit 
and facilitate pipette insertion), the ELISA 
- reader and examples of Esco tubing, pump 
tubing and general accessories. 
Circle No. 130 on Reader Service Card. 
® A sophisticated network of gas chroma- 
‘tography equipment has been announced 
by United Technologies Packard. The net- 
< work is controlled by the Model 439GC ora 
i@nd-alone operating station that can be 
ped for bidirectional transmission to 
an external computer. Up to 12 satellite gas 
chromatographs can be included in the net- 
work, and three satellite models for dif fer- 
ent analytical capabilities are available. 
The satellites can also be run without a 
network connection. — 
31 on Reader Service Card. 


available with Shandon hand-tight and 


featured in the Analytica display, is a 
custom designed HPLC column packing 
pump. Amongst the electrophoresis and 
chromatography equipment on show, will 
be the Model 600 electrophoresis tank, 
available with a variety of custom designed 
accessories to perform Virtually any flat- 
bed technique. The latest Vokam range for 
electrophoresis will be displayed and the 
stand will feature demonstrations of poly- 
valent counter immunoelectrophoresis 
pneumococcal separations. 

Circle No. 133 on Reader Service Card. 
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Two forms of spectroscopy combin 


ew lab equipment in 


to be held in Munich, West 
Germany, from 10 April to 13 A pril. Here we preview some of the products on view. 

® Two new water-jacketed automatic 
CO, incubators have been introduced by 
Precision Scientific. The 1020 is a single- 
chamber version and the 2020is a vertically 
stacked double-chamber version featuring 
independent controls for each separate 


chamber. The automatic CO 2 control ` 
system is solid-state push button digital set 


CO, injection. An automatic air purge 


supply is required, but it may be utilized if 


@ The Shandon range for HPLC includes 


Both pre-packed and empty columns are 


ordinary compression fittings. Also 











© Mettler’s AE166 is anew electronic ana- : 
lytical balance with a maximum capacityof 


162 g, readable to 1 mg. The balance is fit- 
ted with DeltaRange, a fine range of 60 gooo 
readable to 0.1 mg. When weighing-in, the = 
display automatically switches over to thes | 
readability of the normal range when the © cB 
fine range is exceeded. Formula weighingis 
especially easy because DeltaRange can be 2 
recalled by pressing the control bar after 


weighing-in each component, This allows 
the next component to be weighed in from 


zero with a readability of 0.1 mg, again up i ; 


to 60 g. The AE166 DeltaRange is particu- 


larly useful when small amounts must be 


weighed into relatively heavy containers. | 
Circle No, 134 on Reader Service Card. 

© Micro flow capability is now provided in 
the. Spectra-Physics liquid chromato- 
graphy (LC) product line. Micro liquid 
chromatography is becoming more impor- 
tant in industrial laboratories due to the 
cost savings and increased productivity. 
Micro capability is available as a retrofit- 
table kit for Spectra-Physics’ SP8100 and 
SP8700 gradient liquid chromatographs, - 
The kit extends the specified flow range of 
chromatographs down to 50 pl per min, 
well below the normal! practical flow rates 
for 2.1. mm columns. The kit was 
introduced at the Pittsburgh Conference in 
Atlantic City in early March. | 

Circle No. 135 on Reader Service Card. 

® Analytical News is published quarterly 
by Finnigan MAT. The publication is 
aimed at users of mass spectrometers and it 
contains articles on new products, 
seminars, applications, maintenance and 
operation and courses. The most recent 
issue, Winter 1983, features two articles on 
text editors and one on a computer pro- 
gram for real-time calculation of mass 
spectral abundances. ; 
Circle No. 136 on Reader Service Card. : 














































The Jencons peristaltic pump 
the Opticell culture system. 


© For applications where a compact ion 
chromatograph is needed — for instance in 
a mobile laboratory — Biotronik produces 
the IC 1000. Two basic systems are avail- 
able: IC 1001 for the determination of 
organic acids, and IC 1002 for the deter- 
mination of anions and cations. Other new 
items on the Biotronik stand include the 
BT7041 automatic sample injector for 
HPLC and a new amino acid analyser. 


Circle No. 137 on Reader Service Card. 
@Tubulozole-C, a new specific micro- 


tubule inhibitor from Janssen, inhibits the 
rate and extent of rat brain tubulin in vitro 
with an ID of 3x107 M. In parallel 
experiments it is about 3 times as potent as 
nocodazole and 12 times as potent as 
colchicine. The compound induces second- 
ary effects similar to those of classical 
microtubule inhibitors; loss of cell 
polarity, mitotic block and multi- 
~ nucleation, dispersal of Golgi elements and 
lysosomes, accumulation of intermediate 
filament coils and annulate lamellae. Also 


= new from Janssen is a preparation of | 


colloidal gold coated with staphylococcal 
protein A. The new preparation is of 
electron microscopy grade and suitable for 


~ a wide range of localization procedures. 


Circle No.138 on Reader Service Card. 

` | These notes. are based on information 
“| provided by the manufacturers. For further 
- details circle the appropriate numbers on the 
Reader Service Card bound inside the 
journal, 0 








and Biotronik’s new ion chromatograph (top) and the 


Circle No. 140 on Reader Service Card. 


Senecio 


S880 Coulter counter and 


è ASTEC, a manufacturer of a range of 
filtration frame cupboards, is showing the 
Astecair-5000 at Analytica. Astecair fume 
cupboards have no ducting, thereby 
eliminating the need for expensive instal- 
lation work. The units are mobile, each car- 
rying an integral lighting system. ASTEC 
produces 10 different filter media to cope 
with the harmful effects of solvents, acids, 
alkalis, ammonia, H,S, SO,, formalde- 
hyde, resins, mercury vapours, radioactive 
iodine, aerosols, particles, bacteria, 
odours and low molecular weight fumes. 
The Astecair-5000 can be modified to 
include a HEPA filter, so preventing 
possible contamination in a clean area. 
Circle No. 139 on Reader Service Card. 

è The Jencons stand will show the 
“Sequential Perifill’’ peristaltic pump for 
use in laboratories where a dispenser is 
needed to repetitively dispense pre-set 
volumes. Also on show will be a range of 
versatile vac-seal glass Dewars for use with 
low-temperature liquids and gases, and the 
Zippette semi-automatic syringe mounted 
dispensers. The new Duo-Style Zippette 
offers alternative dispensing methods in 
the 5 ml, 10 ml, 30 mi and 50 mi models, 
with a choice of glass or PTFE piston. The 
Double Distillation Still gives 4 litres per 
hour of water twice distilled from glass and 
the Double D-Ionstill is designed for 
double distillation of deionized water and 
other forms of purified water. 


anana 



















_paramete he haematology labo 


‘tory, including whole blood platelet count, 
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with the convenience of keypad control, 
and automated analysis from sample aspir-. 
ation through to hard-copy print-out. 

S880 is microprocessor-controlled. via 
simple to use keyboard and has an easy to- 
read LCD display, allowing the operator to 


control and monitor the analyser’s func- 
tions at all times. The Coulter S880 is com- 
patible with the Accucomp system for full. 


quality control assurance. Also new from 
Coulter, the EPICS ‘C’ is a low-cost, 
automatic cell analyser and sorter for 
clinical use. The EPICS ‘C’ analyses and 
sorts cells routinely on the basis of number, 
size and fluorescence, by the use of 
operator-programmable protocols. It re- 
duces the reliance on fluorescent micro- 
scope analyses and the need for darkened 
rooms. 
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è Monoconal antibodies are the basis of — 
a number of new products from Becton — 
Dickinson. A kit is now available for- E 
leukaemia immunophenotyping with 
leukocyte surface antigen monot 
antibodies — the pattern of reactivity . 
of the kit’s seven reagents is useful for | 
immunophenotyping most human 
leukaemias. Another new reagent allows: 
the determination of the ratio of T helper 
cells to T cytotoxic/suppressor cells on one 
slide. The single vial contains two 
monoclonal antibodies conjugated with- 
different fluorochromes: Anti-Leu-2a 
FITC (green, T cytotoxic/suppressor cells) 
and Anti-Leu-3a physoerythrin (yellow- 
orange, T helper cells). Samples can be 
examined under a standard fluorescence 
microscope. 

Circle No. 142 on Reader Service Card. = 
© New products for large-scale cell cul- © 
ture, and serum-free media are to be found 
on the KC Biological stand. Opticell isa 
culture system designed for production of 
cells and cell products on a pilot scale : 
based on the Opticore growth cha 
which is also available separately. OptÑ iis 
is a sterile, ready to use chamber that very. 
simply snaps into the closed loop. Thecera- 
mic substrate material, selected for its bio- 
compatibility, is in the form of a cylinder. 
with narrow channels running lengthwise 
through the cylinder. These channels are. 
highly uniform and are in the shape of 
squares. Two models of Opticore are avail- 
able: one with a surface area of 42,500 cm? 
(dimensions 9 cm diameter x 36cm longl, 
or with a surface area of 119,000 em”: 
(14.5 cm x 36 cm). KC Biological’s Ge 
bead microcarrier is a new gelatin mich 
carrier offering a wide variety of cell propa-_ 
gation and harvesting advantages. One of 
the major features is in efficient cell h 
vesting — the Gelibead is dissolvable 1 
protease solution to facilitate cell remo 
and eliminates the need to separate cel 
from spent microcarriers. . 
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dustries, Ltd. 


‘Higashi-Ku 
Osaka 541 Japan 


Telephone: (06) 203-3741 
| Telex: 65188 wakoos j 
























Wako Pure Chemical 


0 Doshomachi 3-Chome, 
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| E Sequencing gel. 


BBIT) 


i SPECIF ITIES: Reacts with mouse and rat natural killer celis, 
po a part of mouse monocytes and immature 


mouse fetal thyrnocytes 


The quantitative determination of NK activities 


Elimination of asiaio GM1 positive cells 
(dependent complement} 
Study of Human all 


j | Following items are also available from WAKO: 


Achromopeptidase 
Anti-Human Macrophages 
Aphidicolin 

Mycotoxin Standards 
Lysyl Endopeptidase 
Nylon. Wool Fibre 


Wako Chemicals GmbH 


Nissanstr. 2, 4040 Neuss 1 


West Germany 
Telephone: (02101) 35011-14 
Telex: 8517001 


12200 Ford Road, Suite 212 
Dallas, Texas 75234 U.S.A. 


Telephone: (214) 484-7518 
Telex: 79-1969 


RESTRICTION 


ENZYMES 


A comprehensive range of 
restriction enzymes 


laboratories in the UK. plus 
modifying enzymes and 
vectors. High quality with 
Stringent control on batch to 
batch consistency. Next day 


wet ice. 


bulk contract prices. and we 
would be pleased to supply 
Samples, discuss contracts 


Also available full range of 
electrophoresis and 
autoradiography apparatus 
including cassettes, screens 
and dark room apparatus. 


For further general/specific information. 
or a brochure, please write to — 


G 


enetic“Kesearch 


“Instrumentation Limited 
nn RCM auion “Lumited 


Gene House, Station Road, Takelay 
Bishops Stortford, Herts CM22 6SG. 
Tel (0279) 870601. Tix: 817662 HESTAV 


Wako Chemicals USA, Inc. 

















manutactured within our own 


deliveries guaranteed in dry or 


Our prices are even lower than 


and Send details of the range. 












Protected nucleosides and 
nucleotides for the synthe- 
sis of oligodeoxynucleotides 
according to the phospho- 
triester method and the 
phosphite triester method 


- 5'-OH protected 
nucleosides 

~ 3-OH protected 
nucleosides 

~- 3'-phosphate and 5'-OH 
protected nucleotides 

~ 3'-phosphate duplex 
protected nucleotides 

~ Fully protected phos- 

phoamidites (morpholido) 
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~ Carrier bound protected - 
nucleosides as starter for 
solid phase synthesis 


Chromatographically pure - 
and subject to application 
tests 






Special reagents for coupl 
condensation and selectiy 
splitting off protective gro 



















Please ask for our detailed 
formation | 
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-A complete range of 254-302-365nm and multiband U.V. lamps and generators 
for your FLUORESCENT ANALYSIS 
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Fluorescent table 


VILBER i 


BP 66 - Torcy, Z.L Sud. 77202 Marne-la Vallée Cedex 2 
France - Tél. : (6) 006.07.71 + - Télex VILBER 691062 F 





CN-15 ULV, darkroom 
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FIRST FRENCH MANUFACTURER 

PL 254302-365nm lamps © Fluorescent tables 

Do Multiband jamps =o UM. radiometers 




























Ci) Portable lamps = Eprom erasers 
Cy UN darkrooms 


Kamat 





PERI 





A} 





Ey A Tt, 
im at 

























































7 ee ie STERN POW? BS toe ead wy PPA SNC TA An a USE A A A IO NC EE gt ae A ane AEA ARA haan a nabod Awe Yk as EEN, 
p na pee r CHS ron) tate atte ena ta aa ee ae ROC Le PLY ook BoB te Sabet oleae pear mites cee) 
y Set are ate) Bets AA a a R Na Aa yee o aA EIREANN A E A ETEA NEETA A TRE E E CR Ne 
‘ Atak hater POE NC opie oe ata ye eA $ 
. area PIENE tate tee acute Pan * 
OR en ARRAN TS Mata 4 KD rar 
” aleate 
i "hen a et 
‘ a sat gigas a are eR tata? . 
` SOs OR! h $ n 7 
2 BAERT Pee a r e rea Pe Roe Ree RO RACAT EERE rae Re re eA MRI N N POR Pata S ie m ` 
ee SL CAICICR hm eu Cat ane eID oe PUN TICS ERAN NGA NT STIS LOE MWC ENETEIA te 
x Heart ARAR une rete) a OORDEN NOE E PETEAR F E A EERE ten Na Ent NeW De tau Tal EREE AAN atat ate dita OERS stat! wie a at Pan a a o ee a RY 
= see! n Eaa EES POTOAN AORAR A AORO KAA D AE RRA ara AERIUS EAE EREA ARNAN E Bat aS iat n te 


Circle No.37 on Reader Service Card. 


oaaae Youmaran AA Lah aan A AAAA maag n re AANA fred 





pranimin apean: 











_ | * From initial image to final 
_ | documentation inone complete system 


_|* Comprehensive range of powerful 


| analysis packages 


| * Easy to use oe -o 
_ | * Flexible od 


| The IMAGAN Image Analysis system offers 
-| the researcher a compact system which not 








| only performs accurate and detailed analyses, 
-| but also produces high quality documented 
orts. 





\GAN can be used to investigate 
photographs, photomicrographs, radiographs, 
drawings and also images seen through optica 
nicroscopes equipped with viewing tube 





















“by” Lingeis of Frankfurt, They 
place the series LY17 (A4) and LYI8 
3). Now even the A4 model LY171 is 
available with a paper wind-up mechan- 
_.4sm. The slider is now made of an very stiff 
astic material which is extremely light, 
providing a higher writing speed and 
acceleration. The pen-lift mechanism now 
_ has a stronger magnet making the recorder 
usable as a plotter. 
Circle No. 144 on Reader Service Card. 
=  @ Life Technologies is a new name at 
_ Analytica ’84 and combines the cell 
< Culture, microbiology and molecular biol- 
-Ogy products of Gibco and Bethesda 
-` Research Laboratories. Two new fetal calf 
<v serum specifications have been introduced 
+ Myoclone, selected for its ability to 
|. support myeloma cell lines, and aseptically 
_ collected FCS 309, a partially chemically 
defined serum low in endotoxins. 
-For serum-free culture conditions, Select- 
_ ©a-Factor, containing 14 of the commonly 
< -incorporated factors, enables identifica- 
< tion of those elements responsible for 
on maximum growth of specific cell lines. For 
: al microbiology, three new lyophil- 
upplements for the selective isolation 
ymnpylobacter have been introduced. 
echnologies will also be exhibiting 
ction enzymes, electrophoresis appar- 
cell culture reagents, microbial media 
onoclonal antibodies. 
le No. 145 on Reader Service Card. 
adiometer’s new D470 titration kit 
es it possible to connect titration 
> fipment to a Hewlett-Packard HP-85 
4 onal computer. The kit includes all 
— iy ertace connections and fully document- 
| Paced ~ oftware necessary to convert the HP-85 
comm a powerful titrator. The standard tape 
4 firmuded with the kit is preprogrammed to 
te iform automatic titrations in the sim- 
“1+ possible manner, as only four soft 
“ts need to be manipulated in routine 
gations, Results and curves are displayed 
M@ screen of the HP-85 and can be 
y d by the built-in printer/plotter. 
Circle No. 146 on Reader Service Card. 






































@ A computerized system for the identifi- 
cation of non-fermenting Gram-negative 
bacilli has been introduced by API. The 
API 2ONE, designed to identify non- 
enteric Gram-negative bacilli, contains a 
database of 51 taxa, mainly non-fermen- 
ters but including a few fermentative org- 
anisms tht are usually grouped alongside 
the non-fermenters in classification and 
identification schemes. 14 of the 20 tests on 
API 2ONE were developed specifically for 
use with this group of organisms, relying 
largely on assimilation rather than fermen- 
tation of the test substrates. 

Circle No. 147 on Reader Service Card. 

@ Samples of up to 2.5 mlin volume can be 
made protein-free and non-pyrogenous 
using the Sartorius Centrisart disposable 
ultrafiltration device. Centrisart consists 
of a centrifuge tube which holds the speci- 
men and a filter unit (floater tube) which 
slides down inside it, coming to rest on the 
specimen. The device is then placed in a 
standard laboratory centrifuge which pro- 
vides the driving force for filtration. The 
floater, with its membrane on the under- 
side, is forced down through the specimen, 
the filtrate is collected inside the floater 
tube, while the concentrate remains in the 
outer tube. Components capable of settling 
are collected on the bottom of the centri- 
fuge tube without coming into contact with 
the membrane. Centrisart will also 


concentrate protein solutions. 
Circle No. 148 on Reader Service Card. 


Radiometer’s titration kit connects to the HP-85 personal computer. 
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@ The Futura range from Beckman isa- 
family of eleven pH electrodes, including = 
glass, reference and combination elec- 
trodes for a wide variety of applications. 
One electrode is specially designed to 
measure samples of low ionic strength, 
such as pure water and acid rain. | 
Circle No. 149 on Reader Service Card. 
è A new automatic liquid injection system 
has been developed by Carlo Erba for its 
high resolution gas chromatographs — the 
Autosampler AS 550. The system allows. 
unattended cold on-column injections of 
up to 60 samples. 
Circle No. 150 on Reader Service Card. 
ADVERTISEMENTS 


(1) MICROPARTICLE 
Technology Limited 


Monodisperse microparticles in a diverse 
range of sizes and materials, Monodisperse 
polystyrene bony in (Coefficient of 
variation <!10%) in range 3u to 85u 
diameter. Other sizes and materials 
available on request. Also, fluorescent and 
dyed ances available, All competitively 
price 


Send for our brochure or telephone direct 
with your order. 
031-557 3796 


Unit 13, Canon ngate Venture, New SL, 
Edinburgh EHS 
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ba RPS the equipment tor orner represucible 


in the range of 30-300 nm Ø with extremely narrow 
particle size distribution tor e.g. the efficient incorporation 
of (therapeutic) agents incl. antibodies. 


DIANORM-Gerite, P.O. Box 126, D-8 München 65. FRG 
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oits doctors, nuclear scientists, electronics 


to return home. 


- Technology Assessment (OTA), Commer- 
-> cial Biotechnology (see Nature 2 February, 
99,399), provides a valuable international | 
perspective on the rapidly developing 
~ world labour market for biotechnology 
<> skills. Biotechnology is of course an inter- 

disciplinary activity, embracing diverse 
oP in biochemistry, biology, | 

microbiology, genetics, medical and- 
> veterinary sciences and. bioprocess | 
engineering. The scientific side, in| 
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Richard Pearson* 


The rapid development of biotechnolo | 
matures the emphasis will move towards more traditional skills in bioprocess enginering. 


SCIENCE has always been an international 
activity, with a regular interchange of staff 
and ideas between countries. In most sub- 
jects, however, such job mobility is restric- 
ted to a limited number of senior acade- 
mics, together with a larger flow of post- 
~ docs seeking training places, chiefly in the 
United States. By 1981, more than half the 
doctorates awarded in engineering in the 
United States went to foreigners and 
almost 60 per cent of the postdoctoral 
students were from overseas. Indeed, it has 
been estimated that more US Government 
grants are given to foreign students to study 
in the United States than to Americans to 
study overseas. On a smaller scale, the 
United Kingdom has, for many years, 
acted as a centre for postgraduate and 
postdoctoral training, especially for 
students from the Commonwealth. This 
interchange of staff is seen to be beneficial 
to all concerned, providing both training 
and research assistance, and a cross 
fertilization of ideas and experience 
between countries. 

Occasionally, however, a sudden surge 
in the commercialization of a particular 
area of science, or increased allocation of 
funds in one country, has caused imbal- 
ances in the supply and demand for key 
skills. As a result, countries with a com- 
petitive advantage in the labour market, 
most notably in North America, can trigger 
off a “brain drain’’ from less advantaged 
labour markets. Thus, in the past thirty 
years, the United Kingdom has seen the 
alarm bells ringing over the brain drain of 

























































specialists and, most recently, biotechnolo- 
gists. West Germany has joined Britain in 
- expressing concern, while France, with a 
much smaller pool of indigenous skills, is 
_. actively encouraging its own nationals 
working overseas with biotechnology skills 































The latest report from the US Office of 










skills 













sustained as long as there is a clear im- 





particular, requires high qualifications, it is 
unlikely that anybody without at least three 
years postdoctoral experience would be 
considered as a specialist in biotechnology. 
Despite its ‘“‘newness’” and classification 
problems, some estimates are beginning to 
emerge of the numbers involved at a 
professional level. The OTA study 
estimates that there are about 5,000 people 
employed by companies in the United 
States in biotechnology research and 
development. There are no estimates, 
however, for the academic world nor the 
public laboratories. OTA was unable to 
find any estimates for France, Germany, 
Switzerland, Japan or the United 
Kingdom, the main countries with a signifi- 
cant involvement in biotechnology. A 
report soon to be published by the UK 
Science and Engineering Research Council 
puts the total number of professionals in all 
sectors at just under 2,000, with nearly half 
in commercial companies. A crude esti- 
mate therefore suggests that the total num- 
ber worldwide may be under 30,000, a 
smaller figure than for those working in 
semiconductors, perhaps the most closely 
analogous sector. 

The OTA report provides a useful 
profile of the skills of the 5,000 people in 
commercial research and development. It 
shows just over a third with skills in genetic 
manipulation, and a third related to 
processing activities. Much of the research 
and public attention so far has been 
focused on the advances in genetic 
manipulation, and the new venture 
“glamour” companies such as Biogen, 
Celltech and Cetus have been able to offer 
highly attractive and well publicized terms 
of employment, often including equity 
shares, to attract the best genetics special- 
ists from all corners of the world. Salary | 
levels of up to $100,000 a year have been 
quoted. At the same time, many of the 
established industrial companies, notably | 
those in pharmaceuticals, have also been 
investing and recruiting heavily in thisarea, — 
both nationally and internationally. Such 
international mobility, particularly where 
the flow is not reciprocated, will only be 


























balance in the skills available, allied with 
differential reward structures between the 
countries. These rewards of course need 
not be just monetary; they also include 


quality of life and environment, research | 
facilities and the freedom to develop new | 
-ideas and take risks. eS a DERE 
< Looking internationally, the- OTA 


gy is creating a demand for new skills. But the industry 


- require more. practical experience than th 


on anyone with such skills in the future ani 
international mobility could well increase 









report says that the United States has the 
largest number of genetics specialists, and 
after a period of shortages few companies 
are now reporting shortages of staff with 
the basic skills. Similarly, the United King- a 
dom and West Germany also seem to. have 
an adequate pool of such skills. The one — 
major exception is said to be Japan, where. 
an earlier lack of investment in basic 
science did not allow a basic pool of skills to: i. 
develop. To remedy the situation, the _ 
Japanese have started in-house training, 
sending people abroad to be trained, in- o 
cluding five corporate researchers sent tO- 
Genex for a three-month course at a cost. 
of $120,000 each. Mobility betwe 
companies is also being encouraged, i 
phenomenon in Japan. No attempt. 
far been made to attract foreign nati 
although individual foreign consul: 
working in their home countries, are 
engaged. 

it is in the bioprocess engineering 
the application of biotechnology, 
future international shortages seem 1 
likely to occur. In the United States,’ 
thought that shortages of these skills ayy 
cause a bottleneck to the rapid commerctai- 
ization of biotechnology and several US ie 
companies are actively recruiting in Europe _ 
to overcome such shortfalls. The United _ 
Kingdom seems also to have a potential 
shortage of such skills, as does France, 
which has an all-round skill shortage, but 
West Germany has a more adequate — 
supply. Ironically Japan, which lacks the - 
basic skills, is, as in other technologie oe 
supplied with the applied staff, in thi 
bioprocess engineers, many of whon?™... 
a background in microbial physiology, an _ 
area of potential skill shortage in most. 
Western countries. As bioprocess engin- 
eering is still in its infancy, and seems to 






















































more ‘‘academic”’ genetic manipulatio 
areas, it seems that there will be a premiun 


In its short history, biotechnology h: 
seen one international migration prompte 
by the rush of investment in genetic r 
pulation. As the supply of peopl 
these skills has increased to near-suf 
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CANCELLATIONS MUST BE RECEIVED NO LATER THAN 5 p.m. ON THURSDAYS PRIOR TO IS 


NCETON UNIVERSITY 
DEPARTMENT OF 


OPULATION AND 
OMMUNITY ECOLOGIST 


rersity seeks applicants fora 
at the senior professorial 
sdidates should work at the 
etween population biology 
unity ecology, and should 
ly established program of 
volving both conceptual 
ad field and/or lab work. 


erests should overlap and 
nt those of existing 
f Princeton’s population 
oup: Gould, Hoogland, 
lay, Rubenstein, and 


icants should send a 
ifriculum vitae to: Dr John 
erborgh, Department of Biology, 
rinceton University, Princeton, 
ew: Jersey 08540. 


Princeton University is an Equal 
mployment/Affirmative Action 
mployer. (NW4I DJA 


UNIVERSITY 
OF CAMBRIDGE 
(STATISTICAL LABORATORY) 


UNIVERSITY LECTURESHIP 
OR ASSISTANT 
LECTURESHIP IN 
MATHEMATICS 


The Department of Pure Mathe- 
matics and Mathematical Statistics 
has been awarded a Lectureship/ 
Assistant Lectureship in the area of 
Stochastic Dynamics under the ‘New 
Blood’ scheme, which H hopes soon 
to be in a position to fill. 


Applications are. invited from 
candidates with research interests in 
stochastic (including chaotic) pro- 
cesses. The post is to be filled as soon 
as possible from Ist October 1984; 
applications close 19th May, 1984. 


Information and application 
forms may be obtained from the 
Secretary, Statistical Laboratory, 
16 Mill Lane, Cambridge CB2 1SB. 

(I618)A 


THE UNIVERSITY OF 
BRITISH COLUMBIA 


GRADUATE STUDIES 
IN CHEMISTRY 


Applications are invited from 
candidates with high academic 


records who wish to pursue further [| 


studies towards the MSc and PhD 
Degrees in Chemistry.. Excellent 
research facilities are available in all 
areas of modern Chemical Science, 
ranging from Biological Chemistry to 
Chemical Physics. Teaching and 
research assistantships are available 
for all students in the programme. 
Stipends up to $20,800 are available 
to highly qualified students who hold 
scholarships; the minimum stipend 
for 1983/84 is $11,000. 


Application forms and further 
particulars may be obtained from: Dr 
L Weiler, Professor and Head, 
Department of Chemistry, The 
University of British Columbia, 2036 
Main Mall, Vancouver, BC, Canada 
V6TIY6. (NW773)A 


THE UNIVERSIT 
OF MANCHESTER 


TEMPORARY LECTURE 
GEOGRAPHY... 


Applications are invited: ‘for | 
above post tenable for one year frot 
September Ist, 1984. The appointe 
will be expected to conduct tutorials, 
assist in field classes, practical classes | 
and to lecture in her or his specialism. | 
Applications are from candidates _ 
with a special interest in, and | 
experience of, the use of micro- 
computers and computer graphics in — 
geographical teaching and research _ 
will be particularly welcome. | 
Willingness to play an active role in | 
overseas field teaching and in depart- | 
mental research is essential. ae 


Salary £7,190 p.a. Super- 
annuation. Application förm 
(returnable by April 27th) and- 
further particulars from thè- 
Registrar, The University; 
Manchester M13 9PL. Quote. ref... 
68/84/N, HIHA 


Research Leader 


Cardiovascular Pharmacology : Ware, Herts 


Glaxo Group Research is Britain’ s leading pharmaceutical research organisation, 
with a distinguished reputation for fundamental research leading to the giscoyern 
and development of safe and effective new medicines. 


The opportunity has arisen for an experienced and highly motivated senior gi 
pharmacologist to take responsibility for directing the research activities of a group .. 
of scientific and technical staff. The person appointed will be expected to initiate a 
basic research programme, and thence formulate novel approaches to the treatment. 
of various aspects of cardiovascular disease, in particular hypertension and/or heart te 
disease. K 


Applications are invited from appropriately qualified pharmacologists with a proven: 
record of imaginative research in a relevant field. Suitable candidates are likely to be 
in their early 30s, and will preferably have some experience of supervising a research. 
team. Previous employment within the pharmaceutical industry could be an advantage. 


We offer an attractive starting salary which will reflect the experience of the. 
successful candidate. Our comprehensive benefits package includes non-contributory - 
pension and life assurance, together with participation in Glaxo Group profitability. : 
Generous relocation assistance will be available if appropriate. ; 


Please write or telephone for an application form to Dr. D.J. Humphreys, Senior 
Personnel Officer, Glaxo Group Research Limited, Ware, Herts. SG12 ODJ. Tel: Ware’: 
(0920) 3993. (1638A ` 


Group Research btd.. . 














‘Molecular Biologists/ 
Immunologists — Japan 


-- Hoechst, one of the world’s largest pharmaceutical companies, is 
> presently seeking highly motivated and creative research scientists to 
work in the department of basic research at its Japanese Research 
Institute. The research interests of the department include immunology, 
molecular biology and microbial chemistry. The laboratories are modern, 
well equipped and located ina pleasant suburb of Tokyo. An independent 
and open research environment prevails and publication and interaction 
with other scientists throughout the world are actively encouraged. 
Candidates for these positions should possess a recently acquired 
Ph.D or M.D. degree and have state of the art knowledge and experience 
in one of the following fields: characterisation of tumour cell antigens, 
lymphokines, growth factors, cell surface receptors, gene cloning and 
expression, protein chemistry. They should be capable of carrying out 
‘independent research at the bench and directing the work of others. 
Candidates for these positions are invited to send their curricula 
vitae, including details of publications to: Dr. Akio Fukuda, Hoechst 
Japan Limited, Central PO Box 1 256, 8-10-16 Akasaka, Minato-Ku, Tokyo 


_Hoechst 


(W887)A 
—— 


parvo neared! 
rees carer tet art ata NAOT AE! 
praene A a ii 
































TE eae 








AGRICULTURAL AND 
THE INTERNATIONAL CENTRE OF FOOD RESEARCH COUNCIL 
-INSECT PHYSIOLOGY AND ECOLOGY Institute of Animal Physiology 
P.O. Box 30772, Nairobi, Kenya Babraham, Cambridge CB2 4AT 
ASSISTANT SCIENTIFIC 
Applications are invited from suitably qualified candidates for the OFFICER 


following position tenable at the ICIPE Centre, Nairobi. 


POSTDOCTORAL required nies omnis 
the regulation of the immune 


R E S EA R C H F E L LOW response to transplantation antigens. 


The work will involve immuno- 
— REF: SCl/ 84/ 5 chemical, chromatographic and 
electrophoretic techniques, and the 
preparation of antisera. This post is 
supported by a renewable. 5 year 


: Qualifications and Experience: Candidates must have a PhD in micro- 
MRC grant, and will subsist only 


arch experience in identification and culturing 


- biology and relevant rese secur pt n 
fungi and bacteria, microbial biochemistry, mutaton/ cionng studies ; : 
§ and general microbial genetics. whilst funds are available. . . 
Previous laboratory experience m 


‘Duties and Responsibilities: The Centre has about 40 senior scientists l tak ) 
and other professional staff engaged in a sharply focussed programme this (or a similar) field, though not 
of research and training, supported by a variety of donor agencies. The essential, would be a distinct advan- 


8. successful candidate will be required to work alongside a small team of tage. Day 
ad of Unit, investigating education is encouraged, and there 


-E these scientists, under the supervision of He l l 

-E the possible use of microorganisms associated with higher African are prospects of subsequent promo- 
E termites, for improved lignocellulose bioconversion into fermentable tion to higher scientific grades for 

sugars for biogas. and athanol production. He will primarily be suitably qualified candidates. 














responsible for the culturing and identification of bacteria and fungi Minimum qualifications: GCE O 
‘implicated in lignocellulose degradation, as well as carry out mutation level (Grades A, B or C), or CSE 





‘breeding studies aimed at identifying strains of native isolates, with Grade 1, in four subjects, which must 





‘improved capa Be 5 
‘appointed will also be involved in large-s¢ ale trials of bioconversion 
“processes. | 
-Salary is negotiable and includes attractive benefits. 
‘Applications giving detailed information on general education, 
rofessional qualifications, experience, ‘marital status, age, 
resentemployment (including salary), names and addresses of 
four-referees (one being personal), and photocopies of relevant 
certificates (which will not be returned) should be addressed to: 
he Administrative Manager 



























I\CIPE Research Centre 
P.O. Box 30772 — 








— (W8B1)A 


| for appointment 
positions: 


| auditory neurons, on-line ¢ at el 





Day release for further | 


bilities for lignocellulose digestion. The person $ | include English Language, Maths, 


f Common 






fed mer 
to t 


RESEARCH SCHOOL í 
BIOLOGICAL SCIEN 
DEPARTMENT OF BEH; 
BIOLOGY 
POSTDOCTORAL | 
Two positions have 
able. | | 
(i) AUDITORY PHYS 

















Applicants should have ext | me 





















analysis of sensory data nost.ave 
demonstrated a capacity foj; jaginal 
research in the field : ay age 
Gi) ULTRASTRUCTGRAL 
NEUROANATOMY: Prj ne 
will be given to applica 
experience in electron m 
and in immunohistochem! 
e.m. level. The appointee 
a project involving the 
retinal transmitter system 

Closing date: 25 May. J 


RESEARCH SCHC 





AND RESEARCH S€ 
OF PHYSICAL SCII 
POSTDOCTORAL FELLOW, 
RESEARCH FELLOW.IN | 
VISION ee 


The successful applicant will join. 
multi-disciplinary team, working O 
neural principles in vision, an 
should have a strong background j 
human psychophysics and a. kee 
interest in developing the principii 
of visual information processing. 

Initial enquiries may be made | 
Professor A W Snyder, Departme: 
of Applied Mathematics, Resear 
School of Physical Sciences. 


Closing date: 30 June 1984.. 


Conditions of Appointmen 
Salary will be in accordance wi 
qualifications and experience with 
the ranges: Research Fello 

$A23,394--$30,734 p-a; o 

doctoral Fellow. Grade L ( 

point} $A20,164-~$23, 100 pa 
current exchange — 
$A] = URG66p. 

Appointments, unless 
stated, will be: Research Fell 

normally up to three years with t 

possibility of extension to: maximt 

of five years; Postdoctoral Felli 

normally two years, with t 
_ possibility of extension to maximi 

of three years. T 

Grants are provided towards tra 
and removal, Assistance towa 
housing is given to an appointee fr 
outside Canberra. Eligible. al 
ees will be required to join th 
annuation Scheme for Aus 

| Universities. The University. 
T the right not to make an app 
| or to make an. appoi 

invitation at any time. =. 

Prospective applicant 
write to the Acting Re 
University, GPO Box 4, 
ACT 2601, Australia, . 
‘Secretary General, - 

Commonwealth . t 












i, 














































| 4 = BASF is one df the leading business groups in the chemi 


ASF i lee n cal industry. O 
tional competition is based on intense research. APE 







For several years we have been developing a biochemical res 
Recently we constructed a modern research building for future-orier 
biotechnology and molecular biology, As co-workers in our young, r 
group we are seeking | | pie ds 


several younger _ 3 | aes. 
olecular Biologists 


with a strong background in organic and analytical chemistry to 












~ search for microorganisms for biotransformation 

~ Screen microorganisms for active compounds 

~ develop highly productive pro- and eukariotic strains 
— optimize physiological processes 










One younger | ; 


icrobiologist or 





for process development and optimization of fermentation processes on laboratory and pilot. ao — 
plant scale. Strong background and practical experience in microbiology, metabolism control cis 
as well as organic and analytical chemistry is expected. 3 


Several younger 





with a strong background in the following fields: 


~ gene Cloning in pro- and eukaryotes 
~ CDNA cloning =- 
— gene expression in pro- and eukaryotes 
= vector development 
— in-vitro translation systems 
- — cell-biological test systems 





As our future colleagues will be working within an interdisciplinary team of scientists, we antici- 


~ pate a high degree of cooperativeness along with the capability and will to contribute creatively 
to the work of the team. Applicants for the positions as molecular biologists should be in com- 
mand of the German language or be willing to learn German quickly. For all other applicants =- 
fluent command of the German language is mandatory. aes pees 


; Applications should be directed to 
BASF AKTIENGESELLSCHAFT 


Personalwesen AT/LA 



















following vaca the Labor 







ARCH 













































RESE Elektronensynchrotron (DESY) site in Hamburg. 
DIVISION OF ENVIRONMENTAL MECHANICS oe (PROTEIN) eo T 

on CANBERRA ACT AUSTRALIA CRYSTALLOGRAPHERS/ i 

“SIRO conducts scientific and technological research in laboratories IVON Si fe 

ocated elke ee Australia and employs ST ese staff, of PHY SICIST 
$ whom some £, are professional scientists. he Organization's DO EER i PEE ore a 
research activities are grouped into five institutes: Animal and Food aaea na deao i Oa cml a fo the 
< Sciences, Biological Resources, Energy and Earth Resources, pi ari e o í Tay: adianon in SUT MT eet P 
Industrial Technology and Physical Sciences. The CSIRO Division of f crystallography, fibre and solution diffraction, X-ray spectrosco 
: ileal Mechanics is a member of the Institute of Physical E (EXAFS). os 
į Sciences. | , ae | | = ee ee 
{i Relevant Background: Chemical, Mechanical, or Civil Engineering: | The facilities are used by many groups. mainly from the Member 
| Physical Chemistry, especially of colloids and surfaces; Fluid | _ States; The successful candidate will be expected to engage ine 

research projects, mostly on a collaborative basis with outside 


| Mechanics and Transport Processes. See | | 
| Research in the Division of Environmental Mechanics is directed groups, which make use of the outstanding properties of | 
tanding of the physical and synchrotron radiation (high intensity, wavelength tunability, = 




































| primarily at gaining a better unders } . 
į biological processes of the soil-plant-atmosphere system with polarization and time structure) for protein crystallography. Besides 
4 particular regar d to the transport of energy, water, nutrients and these activities, she/he will also assist outside groups with protein 
| other materials. Facilities include laboratories for soil physics, solar crystallographic data collection. eee 
| radiation, fluid mece, micrometeorology and physiology, as well. 
| as mobile laboratories for study of the fiel environment. The - For on iyi ; ; ; ie a 
1 f f Ta e of these positions experience In ex erimental physics or 
3 o He a aN e n ar a we ‘ crystallography is. required as the AETR candidate ‘will ber 
{$ tunnel, and computer facilities Tor e collection and analysis of , de 
| experimental data. The Division has a micrometeorology field site iaeia for the instruments for protein cyrstallography at the 
| located 45km from Canberra. Divisional staff at present include 15 ici | 
|. research scientists (physicists, biologists, and mathematicians) oe or, hk peg 
| together with experimental and technical staff, and is usually For the second position, the emphasis will be on the development of 
[augmented by several visiting research workers. software for data collection with electronic area detectors. = 
Research in the Divison is undertaken through four programmes — Expenence in real time programming of instruments like four-circle. 
AS Physical Ecology, Micrometeorology, Soil Physics and Applied diffractometers will bean asset. i 
| Mechanics. | 
| The Soil Physics section carries out research on mass and energy An above-average salary will be offered to the successful candidate - 
transfer in porous media of relevance to the natural environment and Certain allowances are payable in addition, depending on personal = 
to industrial processes. circumstances. An initial contract of 3 year’s duration, which can be 
| Porous Medium Physics l TE , renewed, will be offered. E 
{1 Duties: To conduct primarily ala Ebest research within the soil : 
: physics program with the principal emphasis on the hydrodynamics Please write briefl «wat i sod 
ane sana hike nae y for an application form quoting reference — 
and physicochemical processes occurring in soils and in industrial No 84/8 & 9 to EMBL, Personnel Section, Postfach 10.2209, 


-F porous materials. np 
-F Experience in the conduct of experimental research in one or more of D-6900 HEIDELBERG. (W870)A. 
the following fields would be an advantage: 
| fow and transport in porous materials including soils 
ee Wace mechanical properties of colloids 
| electrokinetic effects 
< | — low Reynolds number hydrodynamics 
- | — adsorption and desorption 
į Applicants should have PhD degree or equivalent qualifications, 
<1 supported by evidence of proven research ability. 
-FA term appointment of three years is offered within the classification 
~ of Research Scientist/ Senior Research Scientist. An applicant with 
an outstanding research record may be offered appointment at a 
higher tevel or with a different tenure. Australian Government 
superannuation benefits are available. 
| Applications: Stating full personal and professional details, the 
< names of at least two scientific referees and quoting reference 
| No2234 should be directed to: 
< |) The Chief, CSIRO Divison of Environmental Mechanics, GPO Box 
{ 821, CANBERRA ACT 2601, AUSTRALIA. 


-By May 4th, 1984. (W884) A 


RESEARCH OCULAR 
PHARMACOLOGIST | 


Our client is an innovative research- 
intensive organization based in 
Central New Jersey. We are seek- 
ing a Research Pharmacologist 
with experience in the area of 
ocular delivery systems. Your || 
background should include a PhD, 14 
MD, or MD, PhD with published) |} 
post doctoral work in the area ofi] 

Ipharmacology. We are seeking a| 
Ishirt-sleeve experimenter who is|j 
\lboth creative and innovative andiifi 
jlenjoys working in an atmospherel|f 
\|designed to stimulate both these |} 

|| |talents. a) 




















UNIVERSITY OF OXFORD 
University Lectureship 
in Physiology 






OF 















Applications are invited from men and women for the followi 
“New Blood” Lectureships tenable from September/ October” 


DEPARTMENT OF BIOCHEMISTRY. wie 
The Lectureship will be in the field of metabolic contro! and gene 
expression. ideally the person appointed to the post willbe = :55 
experienced in recombinant DNA technology and have an interest. 
in mammalian gene expression. It is also anticipated that the aire 












appointee will not only develop an independent research 






















o ee ee tees , programme but will colaborate in other current research projects 
Le PRD A Chanin ee eae a fom kebener Aali take in the Department. Professor of Biochemistry: P, Banks 

chemistry research; ideally this will have been gained in the pharmaceutical (0742-78555 ext 4236) 

industry and will have involved supervision of a small research team. DEPARTMENT OF CERAMICS, 

RESEARCH FELLOWS Candidates for this career appointment shouid . GLASSES AND POLYMERS 3o 
> havea Ph.D in Chemistry with postdoctoral experience in organic synthesis. The Lectureship will be in the field of glasses for opto-electronic. = 
POSTDOCTORAL FELLOW This appointment wil be for a two year ilograted Opti Man neah experiences in such ardea aa -= £ = 

-period to carry out basic research in the peptide chemistry area. Experience integrated optics, non-linear optics, fibre optics, opuca signal ee: 

of working in this field although advantageous. is not essential processing or relevant aspects of glass technology are sought. Sr 

y. CHEMISTS Appicat ne "i pe Acting Head of Department: Dr J.O. Isard (0742-78555 ext 6141) 0. 
ications are invi TOIT: emistry Graduates or 

candidates with appropriate technical qualifications who should have some DEPA RTMENT OF CH EM ISTRY ae ; 

previous experience of working in medicinal chemistry or a related area of The Lectureship will be in the field of organic synthesis in the 

organic chemistry; ideally this will have been gained in the pharmaceutical Organic section of the Department. Professor of Or ganic 

oo. industry. Chemistry: W.D. Ollis, FRS., (0742-78555 ext 4462) 
| ~ Our goal is to provide the facilities and compensations to enable the DEPARTMENT OF PAEDIATRICS 3 5 
-candidates appointed to devote their total endeavours to our research The Lectureship will be in the field of peptide growth factors in eee 
aims. if you feel that you meet our requirements write enclosing a full human development, neoplasia and degenerative disease and will : 
rriculum Vitae stating current salary and listing three referees to: provide an opportunity for an appropriately-experienced scientist 
ndrew Harley, Personnel M 


; Merck Sharp & Dohme Research to work closely with clinicians i 


n this area of research. Professor > 
‘Laboratories, Hertford Road, Hoddesdon, Herts, EN11 9BU, 


of Paediatrics: R.D.G. Milner (0742-71111). | 
Candidates should be aged under 35 and should not hold a 





MERCK permanent post in a U.K. university. The salary will beon =- 
the scale for non-clinical lecturers, £7,190 — £14,125 a year 
SHA RP ata point fixed according to age, qualifications and 
DOHME experience. 
(1G27)A Particulars of any of the above posts may be obtained from > 


the Registrar and Secretary (Staffing), the University, 
Sheffield $10 2TN, to whom applications (5 copies) should 
be sent by 30 April 1984. Quote ref: R65/ G. 

The persons named after each departmental advertisement: 
would be glad to answer any queries direct. (1634)A 







Neuroscience Research Centre 






qf SCIENTIFIC/ MEDICAL *"”” 
ai TRANSLATOR 
JE} GERMAN-ENGLISH 


QUEEN ELIZABETH 


COLLEGE 
BIOCHEMISTRY DEPARTMENT 





KINGSTON POLYTECHNIC __ 
Faculty of Science : 







































































GEA PA . DEPARTMENT OF 
KINGS COLLEGE SCHOOL OF : , 
i BOEHRINGER INGELHEIM Ltd., one of America’s Pe aeiannra nea ada ay betuc o 
of 3 „ one merica aes Ren te L eee 
E E tapidly growing pharmaceutical companies, has a is ee eee LECTURER IN GEOLOGY 
@ full-time position available for a Scientific/Medical =, | aoo 
_ Translator in the Medical Writing Unit, requiring: POST DOCTORAL (Structural Geology/ | 
© Excellent command of both German and RESEARCH ASSISTANT Mineral deposits Geology) g 
2 English. A recently qualified research scientist | Applications are invited for the post 
-® Minimum of 3 years’ experience in translati 1 Be aie REN il aS Te 
medical, pharmacological or biochemica ther ere Bore Then 
<:> Material on a professional basis. Me ee T DE project a 
py see nia is funded by the ARC and concerns | have a high research potential and 
© Degree or equivalent in one of the life | the study of articular cartilage | strong interest in teachin: 
sciences and ideally pharmaceutical in- _ collagen metabolism in antigen-| Preference will be given to candidat 
> dustry experience. | | induced arthritis and will involve the | with experience in either Structur 
Se dled candidae wilbie dealing with subject mat- culture of rabbit. chondrocytes, | Geology and Tectonics or Min 
„ter that is diverse and at a high level of technical. $E | Experience of tissue culture Deposit Geology. The Piha 
-scientific complexity. To qualify for this position techniques and/or collagen candidate will be expected to tak 
_ you will be expected to submit a specific translation biochemistry would be an advantage. | lead in the a bs oF. 
-Sample of the company’s choosing. | The post is available from Ist April a We iret gi alae 
We offer a highly competitive starting salary and 1984 and is tenable for 3 years. Salary to developing consultancy: w 
_ generous benefits package (relocation assistance if _ £7,190 pa (minimum) plus £1,186 pa encouraged. 0 e 
necessary). For immediate consideration, send London Allowance. Enquiries are SSE Ae 
-resume with salary history in confidence to: Dept. welcome and should be addressed to Salary range Lecturer H/S 
BG, BOEHRINGER INGELHEIM Ltd., 90 East Dr R G Price, Department of | Lecturer: £7,860 — £14 

















idge, P.O. Box 368, Ridgefield, Connecticut 06877 — Biochemistry, Queen Elizabeth 


a Boehring er | College. 


Applications with CV and the 


including London allowance 
Details and application fo 









flames of two referees should be sent 
to Mrs J Staight,. Assistant College 

ec rabeth College, |. 
ad, Kensington, | 2EE 























RESEARCH SCIENTIST 

$24,344 — $A30,038 

WHEAT RESEARCH UNIT 
NORTH RYDE NSW 

z AUSTRALIA 

` CSIRO conducts scientific and technological research in laboratories 

“located throughout Australia and employs about 7,500 staff, of 

whom some 2,900 are professional scientists. The Organization's 

- research activities are grouped into five institutes: Animal and Food 

Sciences, Biological Resources, Energy and Earth Resources, 

industrial Technology and Physical Sciences. The CSIRO Wheat 

- Research Unit is a member of the institute of Animal and Food 

“Sciences. 

General: The research of the Wheat Research Unit is directed 

towards an understanding of the composition of wheat grain and the 

biochemical factors which determine milling and baking properties. it 


-ineludes studies into the characterization of the proteins of the wheat 
“grain, and chemical modification of the gluten fraction for new end 


PROTEIN 





USOS. 


The Unit has a staff of 22, including 13 professional scientists. It is 
located in the laboratories of the Bread Research Institute of 


- Australia, an industry research association. 


Duties: The appointee will undertake research, under the terms of a 
National Biotechnology Grant, aimed at devising improved 
procedures for analytical and preparative separation of proteins and 
for their characterization by chemical and immunological means, 
using cereal-grain proteins as a model system. The development of 
these methods will proceed in close collaboration with Australian 
industry to encourage the manufacture of suitable equipment and 
disposable items, provided they have marketing potential, 
particularly for export. 

- Qualifications: A PhD degree or equivalent qualifications in 


CE biochemistry with particular relevance to the electrophoretic 


fractionation of proteins. Postdoctoral research experience in 
immunology or molecular biology would be an advantage. 
Tenure: A term of three years with Australian Government 
superannuation benefits available. 

Applications: Stating full personal and professional details, the 
~ names of at least two referees and quoting reference No M8569, 


— - should be directed to: 


The Officer-in-Charge 

CSIRO Wheat Research Unit 

Private Bag PO 

NORTH RYDE NSW 2113 

AUSTRALIA 

By May 4th, 1984. (W878)A 


CSIRO IS AN EQUAL OPPORTUNITY EMPLOYER 


THE DEPARTMENT OF ANIMAL AND 
POULTRY SCIENCE 
University of Guelph, 
seeks a faculty member at the 
assistant! associate rank for a tenure-track 
position in 
MOLECULAR GENETICS 
The successful applicant will be expected to develop a strong 
research program in gene transfer and the expression of genes in 
developing avian and/or mammalian embryos. Major emphasis will 
include mediation of gene transfer by retrovial transduction, 
recombinant DNA techniques, gene cloning, splicing and transfer. 
The appointee will be expected to be an integral part of a university 
team approach to genetic engineering of farm animals. 


In addition to establishing a vigorous laboratory, the incumbent will 


also be expected to participate in the ongoing undergraduate and 
| graduate teaching programs of the department. 


: ` A PhD degree with demonstrated expertise in molecular genetics or 
` artelated field is required. 


curriculum vitae, bibliography, 
: the names and addresses of at 
feast three references to: Dr. R. R. Hacker, Chairman, 
‘of Animal & Poultry Science, University of 

ntario, Canada, N1G 2W1. 


; -Applicants should submit 
recent reprints, transcripts, 





| Applicat 
| suitably qualified men and won 
| for appointment to the follow 
| position: | 


ranenenpin oa ret 


Applicat 
t omen 
{ 


RESEARCH SCHOOL OF 
BIOLOGICAL SCIENCES 
DEPARTMENT OF GENETICS & 
CENTRE FOR RECOMBINANT DNA 
RESEARCH 
POSTDOCTORAL FELLOW/ 
RESEARCH FELLOW/ 
SENIOR 
RESEARCH FELLOW 
Applicants for this position should 
have a strong background in 
molecular genetics with a preference 
for one of the folowing areas: 
structure and regulation of 


mammalian genes, neuorbiological - 


genetics, molecular genetics of yeast. 


The level of appointment offered 
will be in accordance with qualifi- 
cations and experience. 


Applications welcomed from 
persons on leave, or able to negotiate 
leave, from other institutions. 


Closing date: 15 May 1984. 


Conditions of Appointment: 
Salary will be in accordance with 
qualifications and experience within 
the ranges: Senior Research Fellow 
$A32,679-—$38,980 p.a.; Research 
Fellow $A23,394-$30,734 p.a.; Post- 
doctoral Fellow grade 1 (at fixed 
point) $A20,164-$23,100 p.a. The 
current exchange rate is $SAl=UK 
65p. 


Appointment, unless otherwise 
stated, will be: Senior Research 
Fellow/Research Fellow normally up 
to three years with the possibility of 
extension to maximum of five years; 
Postdoctoral Fellow normally two 
years, with the possibility of 
extension to maximum of three years. 


Grants are provided towards travel 
and removal. Assistance towards 
housing is given to an appointee from 
outside Canberra. Eligible appoin- 
tees will be required to join the Super- 
annuation Scheme for Australian 
Universities. The University reserves 
the right not to make an appointment 


or to make an appointment by . 


invitation at any time. 


Prospective applicants should 


write to the Acting Registrar of the 
University, GPO Box 4, Canberra, 
ACT 2601, Australia, or to the 
Association of Commonwealth Uni- 
versities (Appts), 36 Gordon Square, 
London WCIH OPF, for further par- 
ticulars before submitting 
applications. (W883)A 





POSTDOCTORAL SCIENTIST. 


Recent Phd in Immunology/Micro- 


g 


-astronomers will be expecte 


“ADT lication 


Applications. are 
position of staff astro 
Multiple Mirror Tel 
Observatory, a joint fa 
Smithsonian Institutios 4 
University of Anzona, lo OF 
Hopkins 60 km south of Tucso 
Arizona. 








Applicants should have 
degree in astronomy oF yi 


should have extensive exp 


optical or infrared. astronom 


instrumentation. MMTO $ 
the development of state of 
instrumentation for use on the 
by a large community of: us 
Astronomical spectrograp 
detectors, minicomputers for da 
acquisition and reduction, (hardwar 
and software), microwave data trans: 
mission, and optical and IR inter 
ferometric instrumentaiton are are 

in which expertise is being sought. 


MMTO staff astronomers. W 
spend a large fraction of their time 
service to the user community, 
are also expected to maintainoa Vig 
orous program of astron sa 
research using the MMTO. 
of the applicants qualiff 
along with names of three referen\es, 
must be received by May 31,1984 at 
the following address:. Director, 
MMTO, PO Box 21084, Tucson, 
Arizona 85720, The University of 
Arizona and the Smithsonian 
Institution are Equal Opportunity, 
Affirmative Action Title [X/Section 
$04 Employers. (NW449)4 











OXFORD POLYTECHNIC 
DEPARTMENT OF 
GEOLOGY & PHYSICAL SCIEN 
LECTU RER I = 
SENIOR LECTURER ID Ce 
PHYSICAL SCIENCES _ 
(PHYSICS) 3.0) 
Applications are invited for t 
above post from Ist Septspmabe 
1984. Applicants should hfive a hig 
research potential and a..stfon 
interest in teaching. Preference 
be given to candidates. 
experience in electronics, m 
computers and solid state physic 
Physics résearch areas in the Depar 









ment include applications of 


doppler velocimetry to the m 
ment of skin blood flow, prep 
of optically selective t 
image processing techn’ 
electron microscopy and quar 


- x-ray microanalysis and the des 


renewable energy systems. 
successful candidate will be exp 
to contribute to the research we 
the Department and a wi i 


make industrial contacts wi 
to developing consultanc’ 


| encouraged. 






VITWATERSRAND 
DEPARTMENT OF GEOLOGY 
SENIOR ELECTRON 
ROPROBE TECHNICIAN 
740 — R21,684 per annum 
ications are invited from suitably 
ed persons regardless of sex, 
our or national origin, for 
nointment to the above post. 


ie successful applicant will be 
juired to operate and maintain a 
n computerised electron 
obe. While experience with 
é of instrument is not essential, 
ts should ideally be familhar 
tronics, computer software 
high-vacuum technology, and 
be able to demonstrate a high- 
-of mechanical aptitude and 
ivity for handling this complex 
sophisticated equipment. The 
ssful applicant must be self- 
otivated and able to work 
pendentiy, and will be required to 
e with staff and postgraduate 
personnel in assisting them with their 
alytical requirements. 


_ A technical qualification will be an 
idvantage, but is not essential; and 
"persons with an aptitude for modern 
shnology are urged to apply. The 
working environment is congenial; 
T ample opportunities for 

y. 


‘Walary will be dependent on 
jualifications and experience. 
Benefits include medical insurance 
and pension facilities, a service bonus 
of 93% of one month’s salary, 
generous leave and a housing subsidy 
‘for those eligible. 


| Applicants should submit full 
personal and career details, as well as 
‘names and addresses of two referees, 
to The Secretary, South African 
Universities Office, Chichester House, 
278 High Holborn, London WCIV 
HE, England, or to the Deputy 
Registrar (Non-Academic Staffing), 
University of the Witwatersrand, 1 
Jan Smuts Avenue, Johannesburg 
2001, South Africa, with whom 
applications should be lodged not later 
than 30 April 1984. 
a (W873)A 


YALE MEDICAL SCHOOL 

_ ASSISTANT PROFESSOR IN 

= SURGERY 
(GROSS ANATOMY) 


"Öne year appointment in Department 
‘of. 


esponsibility for a flow cytometry/ 
ell Sortive core laboratory and 
guld have experience in this 
ology. Yale University is an 
al opportunity employer and 
omes applications from all 

n and minority groups. 


nd curriculum vita to: Search 
ittee, Rm LH 122, Depart- 
f Surgery, PO Box 3333, Yale 
of Medicine, New Haven, CT 


Section of Gross 


UNIVERSITY OF WARW 


Appointment 


Vice~Chancellor 


The University is seeking a successor to Mr. J.B. Butterworth who will retire 
on 30th September, 1985 as Vice-Chancellor of the University. 


Persons interested in being considered for the post or wishing to suggest 
anyone for consideration are invited to write, in confidence, to the Pro-Chancellor, 
Sir Arthur Vick, clo the Registrar, University of Warwick, Coventry CV4 7AL not later 


than 14th May, 1984. 


Further particulars of the post may be obtained from the Registrar. 


UNIVERSITY OF 
CAMBRIDGE 
institute of Astronomy 


Applications are invited for the 
following University office under 
the UGC “New Blood” Scheme. 


SENIOR ASSISTANT 
IN RESEARCH 


with interests in theoretical 
astronomy, to take up 
appointment on 1 October 1984 
or as soon as possible thereafter. 
Applications in the general field of 
cosmology and the evolution of 
galaxies would be specially 
weicomed. The appointment will 
be for five years with the possi- 
bility of reappointment for 
periods not exceeding five years 
at a time. The pensionable scale 
of stipends for a Senior Assistant 
in Research, not ordinarily 
resident in College,is £8,530 a 
year, rising by five annual incre- 
ments to £10,770. 


The age limit for “New Blood” 
appointments is thirty-five but in 
exceptional circumstances just 
over the age limit may be con- 
sidered. Younger candidates are 
aiso strongly encouraged to 
apply. Persons who already hold 
appointments in a United 
Kingdom university are not 
eligible for appointment under the 
“New Blood” Scheme. The 
Appointments Committee 
concerned hopes soon to be ina 
position to make this 
appointment. 


Further information about the 
duties and conditions of this 
appointment may be obtained 
from the Secretary of the 
Appointments Committee, 
Institute of Astronomy, 
Madlingley Road, Cambridge 
CB30HA, to whom candidates 
should send their applications 
(ten copies — overseas candi- 
dates need only send one 
copy) including a curriculum 
vitae and names of not more 
than three referees, so as to 
reach him not tater than 4 May 


(1632A 


1603)A 


Genetic 
Engineering- 
Streptomyces 


Section Head 
c.£11,000 Worthing 


Beecham Pharmaceuticals operates a number of fermentation 
processes used in the manufacture of antibiotics and related 
metabolites. Multi-disciplinary teams working in the modern, 
well-equipped laboratories and pilot plants of the Fermentation 
Development Department aim to improve the efficiency of these 
processes by developing new strains and media, and by 
determining relevant scale-up criteria so that process modifications 
are effectively translated to the production scale. 

A recombinant DNA technologist is required to lead an established 
group committed to the application of genetic engineering 
techniques to increase secondary metabolite production in 
micro-organisms. At present, the main thrust of this work is with 
Streptomycetes. In order to possess the necessary expertise in 
r-DNA techniques, applicants should have a PhD and a minimum of 
3 years’ post-doctoral experience. As well as having scientific 
expertise, the successful candidate must also demonstrate a 
strong desire to direct this technology to satisfy commercial 
interests. 

The starting salary, which will take account of previous experience, 
will be circa £11,000. In addition, Beecham Group offers excellent 
conditions of service including a non-contributory pension and life 
assurance scheme. Relocation expenses will be provided where 
appropriate. 

Please write or telephone for an application form to: 

PJW Womersley, Personnel Manager, Beecham Pharmaceuticals, 
UK Division, Clarendon Road, Worthing, Sussex BN14 8QH. 

Tel: Worthing (0903) 39900, ext. 254. 


Beecham 
Pharmaceutical 





























CARDIOVASCULAR RESEARCH => = 
RENAL PHYSIOLOGIST/ 
PHARMACOLOGIST 

_ We are looking for a young Scientist to join one of our discovery research project 


teams seeking new drugs against cardiovascular disease. He or she will 


Direct studies on the renal effects of novel compounds 

Help formulate overall project goals 

Provide renal physiological expertise to other discovery projects 
Supervise a small team of graduates/ technicians 


x k &€ 


* 


The person we seek must have had a broad initial training in animal physiology or 
pharmacology and have acquired post-graduate or post-doctorate experience in 
renal research. We need, above all, a communicative ideas-person who is highly 
competent as an experimentalist and versatile enough to adapt to the needs of 
different projects. 


















an advantage. 
The a epee aie will continue oo 
until January 8, 1987 and the: 
commencng salary will be onae 
scale up to £6,168 perannum. 
Application forms may be 
obtained from the Personnel __ 
Department, University Cok — 
lege of Swansea, Singi ooo 
Park, Swansea, SA2 SPP, to- 
which office they should be 
returned by as soonas ooo ooo 
possible. tert) 











We are currently expanding our well-equipped laboratories at Sandwich on 
the Kent Coast. Our working and social conditions are excellent, as are our 
general terms of employment. Relocation expenses will be paid. 
















If the idea of this post attracts you and you are looking for along term 
research career with a major pharmaceutical company please send full 
details of your qualifications and experience to: D. W. Sells, Personnel 
Manager, Pfizer Central Research, Sandwich, Kent. (1465)A 
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Training Officer 
The International Center for Agricultural Researchin 
the Dry Areas (ICARDA), with headquarters in Aleppo 
(Syria) invites applications for the position of Training 
Officer at Post-Doctoral level — in Farming Systems 
Program. ae 
Responsibilities oe 
1. To specify an approach to training in FSR, and 
develop a training plan. a 
9. To develop training courses in the various 
disciplines within the FSP. | 
3. To organize and conduct these courses. | oe 
4. To organize and conduct workshops on various _ 
topics of interest to FSR. ee 
5, To help build a FSR network in the region, a 
6. To participate in some of the research underwayin 
the Program. ee 
Qualifications 
Ph.D. in Agricultural related Science. Ee 
_ Practical knowledge of West Asian and North 
African Region. | Eee 
— Exposure to Farming Systems Research. ey 
— Fluency in English with command in Arabic 
French. . | 
Conditions 


Experimental 


Scientist. 
Synchrotron Radiation 


The Netherlands Organisation for the advancement of pure 
research (ZWO) and the Science and Engineering Research Council 
(SERC), are collaborating to enhance the experimental facilities for 
EXAFS and small angle scattering at the Synchrotron Radiation 
Source (SRS) at the Daresbury Laboratory. 

The SRS is the world's first high energy electron storage ring 
specifically designed to provide synchrotron radiation to a broad 
range of experiments in the x-ray, VUV and other regions of the 




































leted applications should be 
by 30th April, 1984t0 ZWO 4g 
68-1), PO. Box 933138, y 





Schering, a leading pharmaceutical company in Germany dedicated to the 
development of new therapeutic agents through basic research, is seeking an 


innovative scientist to collaborate with a multi-disciplinary team of pharmacologists 


and biochemists concerned with the development of new therapeutic agents. The 
work would involve the investigation of new methods and mechanisms relevant to 
the treatment of neurobiological and psychiatric central nervous system 


disorders. 


Candidates should have a Ph, D. in neuroscience or neuropharmacology. An 
interest in behavioural pharmacology or ageing would be an advantage. 


hoped soon to appoint a 
VERSITY LECTURER OR 


“LECTURER 


‘New Blood’ scheme to 
esearch and teaching in 

eld of Transplantation 
Ology.Applicants should be 
: than 35 years of age 
ptionally a marginally 

m may be considered. 
will be given to candidates 


“peen 


he. clit 


sen. trained in- 
immunology and 
ast Hic id. 


An understanding of techniques for studying neuronal function, a knowledge of 
central nervous system pharmacology and the ability to communicate research 
ideas effectively is required. 


The Schering Company offers excellent salary, benefits and working conditions in 
a city, which provides an outstanding cultural and educational environment. 


Please send your curriculum vitae in confidence to: 
schering Aktiengesellschaft 


Personalabteilung Berlin 
Miullerstr. 170-178, D-1000 Berlin 65 


appointment will be for three years 
with the possibility of reappointment 
to the retiring age if the initial 
appointment is. asa University 
Lecturer. Assistant Lecturers may be 


reappointed fora maximum of two | | 
years. Scale of stipends: for | f 
University Lecturers, £9,875 a year | | 
rising by eleven increments to } | 
£15,085; for University Assistant |. 
Lecturers, £7,630 a year rising by | 


four increments to £9,425, There is 


no grade of senior lecturer in |. 


Cambridge. 


Further information may be | 
obtained. from the Secretary of the |- 


Appointments Committee (Mr J F 


Howe), Clinical School, Adden- | 


brooke’s Hospital, Hills Road, 
Cambridge CB2 2QQ, to whom 


applications (12 copies) including a | | 
` curriculum vitae and the names and |. | > 
_ addresses of three referees, should be 


ent not later than 8 May 1984 


UNIVERSITY OF GEULPH 
DEPARTMENT OF MICROBIOLOGY 


_ Applications are invited fora tenure-track appointment.as 


Assistant Professor _ 


_ Applicants should have a broad education in general microbiology 
a PhD degree, post-doctoral or industrial experience, and researc! 


interests. in fermentology {or aspects of microbial physiology related 


to ferrentology), ultrastructure, or fish diseases. Competence i 


teaching Bacterial Physiology, Microbial Ecology, and/o 
Microfungi would be an asset. Salary commensurate witi 
experience, The University of Geulph emphasizes the life sciences 
has about 11,000 full-time students, and is located 100 km west o 
Toronto in a city with 75,000 inhabitants. The Department has ti 
faculty members and offers.an honours BSc program, and M 

PhD degrees. There are particular research emphases in moleci 
biology {including virology), microbial technology, ultrastructe 
and physiology of fish pathogens. oa me 
Applicants should send curriculum vitae 

three ref > 








i romrnmalvcnonrsn atin tite tent tryna aN ea NANETTE N A la an archery renin ete ar RL HEA AMA SERS SHRI NNR ARATE BEDE tomes ray nk AM IML Siphon cin a a ned nda ROA R a Psp 
eee SPUR A ee Ne ae Br ee Ae Bo Ene mete re meer Nace ere rene cay SARs nae cial Poe Bn ANET E EEA eae) Aen 
Spe eg EAE EATE O EE EE EN D ATTE E ETE TA CTE AT Rie i EERE RE SD Se 








pase 










eof Science 
and Technology 


London §.W.7 


- “NEW BLOOD” LECTURESHIPS 


Applications are invited for the following Lectureships available fram 
| October 1984 in the following Departments and fields: 

1. AERONAUTICS (Systems Engineering) 

- ¢0 join a developing Systems Engineering Group with a view to 
integrating activities in Aerodynamics, Stability, Control and Flight 
Performance; research in areas of Modelling, Analysis, Development 
< and Validation of complex systems including real-time man/machine 
















| interfacing. 


{ 2. CIVIL ENGINEERING (Concrete Structures) 
‘o m expertise in numerical modelling of concrete materials and structures 
_ |. and research in this area. 

| 3. CHEMISTRY (Biological Chemistry) 
in the general area of protein engineering. Suitable candidates would 
be nucleotide chemists with interests in synthesis of genes, Biophysical 


| chemists interested in enzyme chemistry or protein structure. 


| 4 MECHANICAL ENGINEERING (Adhesives) 


p topics relating to engineering performance of adhesives and their use 
‘| in advanced manufacturing technology. 


5. METALLURGY AND MATERIALS SCIENCE 
- (Material Technology- processing) 
ci. Mechanical Processing of materials from powder feedstock with 


į particular emphasis on the interaction between processing parameters 


and material structure and properties. 


6. PHYSICS (Semi Conductor Physics) 


f This post will be part of a major new initiative in semiconductor studies 
~~ ta new chair in this field is about to be filled). Closing date for this post is 

31 May 1984. 

7. PHYSICS (Experimental laser Physics) 


~ Research in the area laser development and the nonlinear optics of 
atomic and molecular systems. 


8. PURE AND APPLIED BIOLOGY (Plant 
Molecular Biology and Genetic Manipulation) 
© Plant molecular biology with emphasis on the application of 


A 2 recombinant DNA technology to the study of host-pathogen inter 


= actions and the regulation of plant development and to the genetic 
manipulation of plants for improvement of agronomic properties such 
as disease resistance, photosynthetic efficiency and tolerance of 


| pesticides and herbicides. 


‘Candidates should be less than 35 years of age and must not 


currently hold a permanent university appointmentin the United 


- Kingdom. Appointment will be at an appropriate point onthe 
| becturer scale £8,376 — £15,311 including London Allowance 
| (under review). Further particulars of these appointments from 

“the Personnel Secretary, Imperial College, London SW7 2AZ, 


| 01-589 5111 ext 2003 (the College will be closed from 19-24 April 


‘| 1984 inclusive) to whom applications with curriculum vitae, list 
| © of publications, and names of two referees should be sent by 4 
i May 1984. (1639)A 


















"UNIVERSITY COLL EGE GALWAY 
E IRELAND 
JUNIOR LECTURESHIPS (2) 
IN GEOLOGY 
ations are invited for the above full time posts. 


scale: IR£9,710 (x 9) — £13,123. l l 
tions will be particularly welcome from candidates with 


Applic 








interest in-one or more of the following areas. 






d Palaeontology. 
rology and Economic Geology. 
tions 26th April 1984. Furthe 





from the Registrar, . e 









































Full Professorin — —_© 
Veterinary Bacteriology 


Applicants are expected to meet the following — 


requirements: 
— experience in teaching; 


— expertise in experimental bacteriological research and 


research management; 


The Faculty of Veterinary 

| Medicine of the State 
University Utrecht, The | 
‘Netherlands, invites applica- 
tions for the position of 

























— willingness to collaborate with the other disciplines 


within the faculty; 


— willingness to serve on faculty boards and committees. 


Candidates should: 


— possess a PhD or equivalent academic degree; 

— be specialized in bacteriology, as evidenced by 
publications of high standard, 

— be willing to learn Dutch within a reasonable period of 


time. 


Further information is available on request. 


The salary will be determined according to the experience!” coe 


of the applicant. 


Applications accompanied by a full curriculum 
vitae and a list of publications, or suggestions 
of suitable candidates, should be (confidentially) 


sent to: 





J.J. van der Kaaden, Secretary of the Appointment 
Committee Professorship Veterinary Bacteriology. 
Faculty of Veterinary Medicine, P.O. Box 80.163, 
3508 TD Utrecht, The Netherlands, no.170.101. 


UNIVERSITY OF YORK 
DEPARTMENT OF BIOLOGY 


LECTURESHIP IN 


MOLECULAR GENETICS 
Applications are invited for the 
above lectureship which will be 
available for five years from Ist 
October 1984. Preference will be 
given to those with experience in 
recombinant DNA technology and 
applicants should outline the 
programme of research that they 
would like to pursue at York. The 
Department has a new gene cloning 
facility which will be available for use 
by the appointee. The successful 
applicant will be expected 
tocontribute to the department’s 
genetics teaching. 

Salary on the Lecturers’ scale 
£7,190-£14,125 with USS. 

Six copies of applications (one 
from overseas candidates) with 
curriculum vitae and naming three 
referees, should be sent by 4 May 


1984 to Registrar’s Department 
(Staff Appointments), University of | 
York, Heslington, York YO! SDD, | 
from whom further particulars are | _ 








available. Please quote r 
number 12/3205. Informal 






eference 


021-472-1901 ext 2559 





(W872)4 





UNIVERSITY OF 
BIRMINGHAM © 











DEPARTMENT OF BIOCHEMIS! 
TEMPORARY , : 
LECTURESHIP 
Applications are invited for this 
which will be available for ¢ 
from Sept 1 1984. The post is funde 
by agrant from the Wellcome Trus 
which provides a Research Lea 
Fellowship for Dr R H Michel 
appointee will be expected to uni 
take undergraduate teachin 
membranes and receptors. [tco 
advantageous if (s)he participa 
the research on inositol lipit 
receptors being undertaken 
Michell and his colleagu 
applicants with other r 
interests will be considered 


The salary will be on | 
Seale £7,190-£11,615 {pl 
depending on age and qual 


For further particula 
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Field of Research 

. Agricultural Economics: with special 

_ reference to village cropping and small 
ruminant production systems in the 

~ humid zone. 

. Crop Agronomy: the role of legumes in Zonkwa, near 
conjunction with cereal crops in improving Kaduna, Nigeria 
feed value of crop residues, nutrients 
‘return, soil structure and cereal grain 
yields. 


Forage Agronomy: the establishment andAddis Ababa, 
use of forage legumes in intensive small. Ethiopia 
scale farming systems. Alternatively, 

herbage seed production and processing. 


Crop and Forage Agronomy: the Addis Ababa, 
introduction ofa variety of food crops and. Ethiopia 
forage crops into.a hitherto pastoral 
production system in a semi-arid area, 

«This post involves much field work. 

Systems Analysis: the application of bothAddis Ababa, 
simple and sophisticated techniques to Ethiopia. 
the economic analysis of livestock 
systems in mixed farming, agro-pastoral 
and pastoral regions. 


andidates must be fluent in English; knowledge of French would bean 

jantage. Preference will be given to those with an African nationality 
ough others are not excluded. Post-doctoral fellowship are initially 
for 1 year and include return air travel and air freight allowance for 
fellows, basic salary of US$20,500, tax free at the duty station for 
expatriate. appointees, accommodation, medical insurance and local 
allowances, depending on the duty station, at ILCA rates. 


Candidates should send full CV including titles of publications 
and theses with names of 3 referees, to: 
-. The Personnel Officer 
zz WCA 
< P.O. Box 5689 
ADDIS ABABA 
Ethiopia 


-< preferably by 15 May, 1984. 


Duty Station 
ibadan, Nigeria 
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ST. GEORGES HOSPITAL 


UNIVERSITY OF 
MEDICAL SCHOOL NEWCASTLE UPON TYNE 
niversity of London) DEPARTMENT OF 
DEPARTMENT OF BIOCHEMISTRY 
LECTURER 


Applications are invited for a newly 


RESEARCH FELLOW 






Biochemistry to be held in the 


established Lectureship in : 


wired for 2 year appointment 
ded by the EEC as part of already 
blished project studying immune 
nsé to protozoan infection. 
ts should have a 
nd in immunology, Cell 
or Biochemistry with tissue 
experience. Initial salary | 
a. £1,186 p.a. London 
eference EEC/RF. 
T TIME RESEARCH 
CHNICIAN (T3) 
ined or. 2 year appointment as 
ff above project. Applicants 
have general laboratory 
: but specific training will 
nitial salary £5,151 p.a. 
p.a. London Allowance. 
EC 




























































= copies) aie with the names and 
d z 


Faculties of Science and Medicine 
and located in the Department of 
Biochemistry (Faculty of Science). 


We are seeking a biochemist with |- 
experience in eukaryotic gene cloning | 
who wishes to pursue a research | | 
programme involving the use of that | | 
expertise. Faculties are already well | 


established in the department for 
prokaryotic gene cloning and 
sequencing. 


Salary will be at an appropriate 
point on the Lecturers’ scale, £7,190 
to £14,125 p.a. according to age, 
qualifications and experience. 


Further particulars may be 
obtained from the Senior Assistant 
Registrar, (Establishments) (F.P.), 
The University, 6 Kensington 
Terrace, Newcastle upon Tyne, NEI 
7RU, with whom applications G 





CHIEF OF DIVI SION 
DIVISION OF MINERALOGY 
FLOREAT PARK PERTH WA 
AUSTRALIA ee 


Applications for the position of Chief of the Division of Mineralog 
are invited from scientists with an established record of personal 
research achievement and leadership in an appropriate field of. 
science. The position was formerly occupied by the late Mr A J: 
Gaskin FTS. 


CSIRO conducts scientific and technological research in laboratories 
located throughout Australia and employs about 7,500 staff.of whom 
some 2,900 are professional scientists. The Organization’ sresearch _ 
activities are grouped into five Institutes: Animal and Food Sciences, a 
Biological Resources, Energy and Earth Resources, Industrial F 
Technology, and Physical Sciences. 


Mineralogy is one of the Divisions of the Institute of Energy and 
Earth Resources. Also in the Institute are the Divisions of 


Geomechanics, Energy Chemistry, Energy Technology, Groundwater - : 
Research, Mineral Chemistry, Mineral Engineering, Fossil Fuels and a CC 


Mineral Physics. 


The Division of Mineralogy Headquarters is located at Floreat Park, a a : 


suburb in Perth, with a major laboratory at North Ryde in Sydney, 
NSW, anda small laboratory in Canberra, ACT. The Division has a 
total staff of 112, which includes 54 professional staff. 


The work of the Division, which lies within the broad objectives of 
the Institute of Energy and Earth Resources, is to develop better 
techniques for locating new ore bodies and concepts for the 


delineation of prospective terrain. Basic research on ore genesis and) F 


depositional environments forms an important background to this 
general objective. 


The Chief of the Division will be responsible to the Director of the 
institute of Energy and Earth Resources for the leadership, scientific 
direction and integration of the research programs of the Division 
and will encourage promotion of active collaboration with other 
CSIRO Divisions, Universities, appropriate State Departments, 
industry. representatives and other institutions conducting research in. 
relevant areas. , 


The salary will not be less than $A55,050 per annum plus an expense 
of office allowance of $A1,250. 


Appointment to CSIRO is for an indefinite period and carries ` 
Australian Government superannuation privileges, subject to normal = 
conditions. The position of Chief of Division is offered for a 

negotiable term of the order of five to seven years, with subsequent 
options for a further term, if mutually desired, or for a senior position: 
in the Organization. 


The Acting Director of the Institute of Energy and Earth Resources 
would be pleased to provide further information about the position 


- and to discuss the position with potential applicants. He would also 


be pleased to receive advice concerning the appointment from 
people with a particular interest in the position. The Acting Director, 


_ Dr A F Reid FAA, may be contacted by telephone in Melbourne (03) | 
5411222. 


i Applications: Stating full personal and professional details, and 


names of at least three professional referees and quoting reference 
No A3804, should be directed to: 

The Acting Director 

institute of Energy and Earth Resources 

CSIRO 

9 Queens Road 

MELBOURNE VIC 3004 

AUSTRALIA 


By May 4th, 1984. (W876)A ` 








IMPERIAL COLLEGE OF October, 1984. The work ir 
SCIENCE AND lochemical and histo 
techniques. Opportunity to reg 

TECHNOLOGY for a Ph.D degree. Salary £6,3 

plus London Allowance. . 
GRADUATE RESEARCH The position is funded by 
ASSISTANT Muscular Dystrophy Group {¢ 


Britain. Please apply t 
Barnard, Biochemis 


ork on chemotherapy in | 
odel imperial eee 
OAL o 


for: Duchenne . 





















































APPLIED MATHEMATICS 


The European Molecular Biology Laboratory, Heidelberg, is seeking _ 
additional staff for its Computing and Applied Mathematics 
Programme. The Programme develops, implements, and makes avail- 
able computational methods for molecular biology. Itis also responsible 
for the Laboratory's computing facilities, which include a VAX-11/780, 
„a: PDP-11/23, and four Nord-10 computers, an Evans & Sutherland 
‘colour Multi Picture System, and various peripherals devoted to real- 
time data acquisition and display. Applications are invited from suitably 
_ qualified and experienced candidates for the following posts: 


Systems Programmer (Ref. 84/11) — to work with current staff 
a responsible for systems software, including data acquisition 
software, device handlers, operating systems, enchancements, 
etc. Computer network experience would be helpful, as would 
experience. in hardware and software fault analysis, machine 
| configuration, and system integration. 
- Programmer! Administrator (Ref. 84/ 12) — an experienced pro- 
grammer is sought who has an interest in developing 
documentional and user courses, assessing new facility require- 
ments, evaluating new hardware and software products, and 
communicating with manufacturers. This person's time will be 
divided between programming and administrative tasks. 


§ Applications Programmer (Ref. 84/13) — to work primarily on 

Be advisory programming, software development, and integration 
and adaption. of software packages in such areas as image 
processing and statistical analysis. 


Scientific Programmer, computer graphics (Ref. 84/14) — to 
assist researchers in applying interactive computer. graphics to 
molecular structure studies and related scientific problems, and 
to participate in development and support of the required 
software. Experience in a crystallographic environment would 
be useful. 


Scientific Programmer, image analysis (Ref. 83/ 11) — to develop 
K a user-oriented system and database for the analysis, storage, 
and comparison of two-dimensional gel electrophoresis 
patterns. Other possible activities include statistical analysis of 
protein and nucleic acid sequences and analysis of electron 
microscopic images 

Scientific Programmer, crystallography (Ref. 84/ 1) — to develop 
a software package for the processing of data from two- 
dimensional x-ray detectors and to support and maintain 
crystallographic data analysis programme packages. Experience 
in a crystallographic environment would be useful. 


Active collaboration on research projects with scientific users is 
. possible in all groups. Specific knowledge of molecular biology is not 
~ required, but experience or interest in a research environment is 
desirable, as is fluency in English. 
Remuneration will include a competitive salary and depending on 
personal circumstances, additional allowances. Initial contracts of 3 
¿years will be offered, which may be renewed depending on 
circumstances at the time of review. 
Piease apply briefly to: EMBL, Personnel Section, Postfach 


~ 10:2209, D-6900 Heidelberg, Federal Republic of Germany, for an 
application form, quoting the reference number of the post that 




































interests you (W868) A: 
UNIVERSITY OF EXETER UNIVERSITY 

=- LECTURESHIP IN SPOT 

OGANIC CHEMISTRY LECTURESHIP IN 

: BIOCHEMISTRY 





cations are invited for the post 
turer in Organic Chemistry, 
nable from } October 1984. The 
tis one of the University’s New- 
lood appointments, for which | 
pp icants must normally be under 35 


Applications are invited for a ‘‘New 
Blood” lectureship tenable from Ist 
September 1984. Candidates should 
have research experience in the area 
of gene cloning and sequencing and 
be interested in applying these and 
related techniques to the study of 
structure-function relationships in 
enzymes. 


Salary range £7,190 — £14,125. 


Further particulars and appli- 
cation forms obtainable from Per- 
sonnel Officer, University of Bath, 



































ary will be within the Lecturer | 
è £7,190-£14,125 per annum 
x membership) with placement 
ro ate to age and experience. 


: particulars available from 
ji ffice, ee of 





be | 84/45. 


_ placental 


Bath BA2 JAN aucune reference Se 


E eee invited fora 
three year 
POSTDOCTORAL 
RESEARCH ASSISTANT 


The successful applicant will work | 
with Dr R G Sutcliffe on a three year | 


MRC-supported project on the mole- 
cular analysis of the gene for human 
| alkaline phosphatase 
(PLAP). This is a tissue specific 


| member of a presumptive multigene 


family of alkaline phosphatases. 
PLAP exhibits a notable degree of 
genetic variation and is reactivated in 
certain tumours. In addition, our 
recent work shows that PLAP exists 
in soluable and membrane-associated 
forms, which are structurally 
distinct. 

Prior experience in recombinant 
DNA methodology is essential. The 
department is well equipped and 
experienced in prokaryote and 
eukaryote molecular genetics. 
Starting salary will be on Range IA of 
the scales for Research and 
Analogous Staff (£8,530 — £9,425, 
plus superannuation), with an early 
starting date. 


Applications (citing two referees) 
and enquiries should be to: Roger 
Sutcliffe, Department of Genetics, 
University of Glasgow, Glasgow G11 
53S, (041-339 8855, ext 7108). 


In reply please quote Ref No 
§198/1M. (1614)A 





UNIVERSITY OF ABERDEEN 


THE DEPARTMENT OF NATURAL 
PHILOSOPHY AND THE 
DEPARTMENT OF BIO-MEDICAL 
PHYSICS AND BIO-ENGINEERING 


LECTURESHIP IN 
INFORMATION 
TECHNOLOGY 


Applications are invited from suit- 
ably qualified person for a 
Lecturership in Information 
Technology. 


It is expected that the person 
appointed will be a physicist or 
engineer of proven research ability 
with experience in Information 
Technology. 


The successful applicant will hold 


the lectureship jointly in the above 


two departments and will be expected 
to play a major role in the 
development of courses in 
Information Technology, and take 
an active part in the provision of the 
conversion course, MSc in Informa- 
tion Technology (Medical Physics), 
which is supported by the SERC. The 
person appointed will be required to 
foster collaborative work in 


Information Technology between the 


two departments and to participate in 
Research activities in the Department 
of Natural Philosophy, 


Salary will be on the scale £7,190 — 


£14,125 per annum with appropriate | 


placing. 


Further particulars 
pid datantaeenl f 









| antigens defined by mot 


- £6,436 per annum, 
experience, plus £1,042 p 
London Weighting. ~ 










“ASSISTANT 
in the Department of Bioche 











cloning of human onc 







bodies. Experience in 
DNA techniques wang 
advantage. 7 


Post tenable for twelve mon 
the first instance ata salary wi 
range £7,190 — £8,080. per ann 


Applications, ‘together. with 4l 
names of three referees, should | 
received not later than 24th Apri 
1984, by the Registrar, Tt 
University, PO Box 147, Live 
L69 3BX, from whom furthe: 
ticulars may be obtained. Quot 
RV/266/N AI585)JA 





















































CHARING CROSS 

HOSPITAL MEDICAL 
SCHOOL 

(University of Londi 


LECTURER IN ANATOM J 


Applications are invited for t 
above post. Candidates shou 
possess either a medical qualificati 
or a higher degree in Anatomy. ot 
cognate subject. 


Salary on non-clinical Lechit 
scale, £6,375-£13,505 pa pi 
£1,186 London Allowance. ae 


Applications in writing with: nam 
and addresses of two referees to T 
Secretary, Charing Cross Hospil 
Medical School, The Reynol 
Building, St. Dunstan’s “Roa 
London W6 8RP, within three wee 
of the appearance of this adve 
isement. oam 












UNITED MEDICAL AND 
DENTAL SCHOOLS a s 
GUY’S AND ST THOM: 
HOSPITALS Ki 
GUY’S HOSPITAL MEDICAL SCHOC 
(University of London) 
DEPARTMENT OF ` 
HAEMATOLOGY: 
QUALIFIED LABO] 
SCIENTIFIC OFF 
(HNC or equivalent) with: 
priate background in Biochem: 
Analytical Chemistry, req 
appointment to 31 March 
MRC research project to st 
chemical aspects of Vitam 
human. Previous experien 
performance liquid chro 
desirable but not essen! 
Salary for candidate. 
above not less than £5 

















































on oe 







qualifications, | 






Southampton 4 
THE , 


j UNIVERSITY 


ctureshipin = | 
janic Chemistry 
ations are invited for the 
of urer in Organic 
istry (salary 

4,125 per annum) 


anic chemistry. 
sn-copies of applications 
jiving..a curriculum vitae and list 
publications together with the 
lames of three academic referees 
nould be sent by 8 May, 1984 to 
<- D.A.S. Copland, The 
iversit Highfield, 
outhan 5NH, from 
yhom further details may be 
btained. Please quote Reference 
umber: 2030. (1606)A 


RSITY OF LONDON 
INSTITUTE OF NEUROLOGY 


RESEARCH ASSISTANT 


t-doctoral research assistant 
research experience in 
sychopharmacology or similar is 
equired for an MRC-supported 
ect On the behavioural functions 
T GABA — and benzodiazepine — 
sitive pathways in the rat brain. 
intment will be for 1 year in the 
rst instance, renewable for 3 years. 
alary and superannuation on the 
niversity scale. Apply with C.V. 
yd names of referees to Dr. L. J. 
erberg, Experimental Psychology 
aboratory, Institute of Neurology, 
ational Hospital, Queen Square, 
ondonWCIN3BG. — (1590) 


z EGON HEALTH 
TENCES UNIVERSITY 

; PART MENT OF NEUROLOGY 

_ POSTDOCTORAL 

RESEARCH POSITION 
ostdöctoral position (Research 
ssociate) available immediately at 
: gon Health Sciences Univ 

‘or an individual 


“on cell surface 


ealth and disease. The 
olves the application of 
reparative and analytical 
cluding cell partitioning 
hase aqueous polymer 
nd cell electrophoresis. 
swith a background in cell 
» Membrane biochemistry 
eparation techniques would 
ropriate. Salary range 
000 commensurate with 
and experience. Current 
able for up to 30 months 
renewal. Résumés and 
referees should be 


Dr G V F Seaman, | 
enri TA 04 


-| DEPARTMENT OF PSYCHIATRY 
4 It is hoped soon to appoint a ‘New 
| Blood’, 

| UNIVERSITY LECTURER OR 


UNIVERSITY ASSISTANT 
LECTURER | 


in the Department of Psychiatry. 
Applicants should be not more than 
35 years of age although exception- 
ally a marginally older person may be 
considered. The appointment will be 
in the field of The Psychology of 
Human Ageing. Preference will be 
given to candidates with experience in 
the epidemiology and neuro- 
psychology of late life. The appoint- 
ment will-be for three years with the 
possibility of reappointment to the 


retiring age if the initial appointment 


is as a University Lecturer. Assistant 
Lecturers may be reappointed for a 
maximum of two years. Scale of 
stipends: for University Lecturers, 
£9,875 a year rising by eleven 
increments to £15,085; for University 
Assistant Lecturers, £7,630 a year 
rising by four increments to £9,425. 
There is no grade of senior lecturer in 
Cambridge. 


Further information may be 
obtained from the Secretary of the 
Appointments Committee (Mr J F 
Howe), Clinical School, Adden- 
brooke’s Hospital, Hills Road, 
Cambridge CB2 2QQ, to whom 
applications (12 copies) including a 
curriculum vitae and the names and 
addresses of three referees, should be 
sent not later than 18 May 1984, 

(1624)A 


UNIVERSITY OF 
EDINBURGH 


DEPARTMENT OF ZOOLOGY 


POSTDOCTORAL PROTEIN 
CHEMIST, BIOCHEMIST OR 
IMMUNOCHEMIST 


required to work on biochemical 
characterisation of antigens of 
human malaria parasites and to assist 
with development of immunoassays 
for detection of response to defined 
antigens. Candidates should be 
familiar with PAGE and immuno- 


blotting, peptide mapping, use of | 


radioisotopes and protein purifica- 


tion procedures. Monoclonal anti- É 


bodies for the project are available 
and previous experience in parasitol- 
ogy is not necessary. 


The post is funded by the World 
Health Organisation and is available 
immediately, initially for one year, 
with the possibility of renewal for up 
to three years. The salary will be 
within range £7190 — £11615 accord- 
ing to.age and experience. 


from the Establishment Office, University House, 


_ referees, ‘should besentNO 


FISH TAXONOMIST AND 
CURATOR OF ICHTHYOLOGICAL 
DIVISION OF FISHERIES RESEARCH 
MARINE LABORATORIES 

HOBART TAS 
AUSTRALIA 


CSIRO conducts scientific and technological research in laboratories. a 
located throughout Australia and employs about 7,500 staff, Of. oe 
whom some 2,900 are professional scientists. The Organization's- i 
research activities are grouped into five Institutes: Animal and Food = 
Sciences, Biological Resources, Energy and Earth Resources, Une 
Industrial Technology and Physical Sciences. The CSIRO Division of 
Fisheries Research is a member of the institute of Animal and Food poe 
Sciences. i 
General: The Division of Fisheries Research is a major componentof 
the CSIRO Marine Laboratories, which is Australia’s principal marine. 
research institution. The Division currently employs about 70. ne 
scientists and 40 support staff based in laboratories in Sydney, Perth — 
and Brisbane. The Sydney staff will be transferred in the latter half of F 
1984 to new laboratories being built at Hobart, Tasmania. The PAE 
appointee will be located in the new laboratories which are expected. 
to be completed about August 1984, 


The Division's major research program is an investigation of fisheries A 


resources right around the Australian coast using a 53m stern 
trawler, The first stage of a study of the fish resources and ecology 
of the North West Shelf of Australia will be completed by early 1984 
and the ship will then be operated out of Hobart, principally to 
investigate the demersal fish resources in south eastern Australian 
waters. 
Duties: To perform taxonomic research on Australasian fishes of 
importance to Divisional fish ecology programs (tropical and 
temperate species); to curate and add to the large ichthyological 
collection of the Division and to develop a good working knowledge 
of this collection; and to assist fish ecologists with taxonomic 
problems. The appointee will organise the transfer of the Division's 
fish collection to Hobart and set up the archival facility in the new 
Laboratories. 
Qualifications: A PhD degree or equivalent qualifications in 
taxonomic ichthyology and significant research achievement in this 
field plus a knowledge of, and experience in modern curatorial 
practice, including the use of computers for indexing, experience in 
collecting methods; ability to work at sea essential. 
Location: Initially Cronulla, a suburb of Sydney, NSW, for several 
months, then to Hobart. 
Tenure: indefinite with Australian Government superannuation 
benefits available. 
Applications: Quoting reference No A2393, giving full personal 
particulars, including details of qualifications and experience, copy of 
academic transcripts and the names of at least two professional 
referees, should be directed to: 

The Acting Chief 

CSIRO Division of Fisheries Research 

PO Box 21 

CRONULLA NSW 2230 

AUSTRALIA 

By May 4th, 1984. 


(W875)A  ¢ 


THE UNIVERSITY OF LANCASTER 
DEPARTMENT OF ENVIRONMENTAL SCIENCES ) 
RESEARCH ASSISTANT . 


Applications are invited for the post of postgraduate Research Assistan 
to work with Dr. M. Kelly ona 1% year study of the sediment system, an 
associated radionuclide distributions, of the Esk Estuary, Cumbria 
Applicants should possess a good BSc degree in Geology, Environmen 
Sciences, or other relevant subject. The salary will be £6,310 p:a. 


Further particulars may be obtained (quoting reference o3 


ancaster LA14YW where applications (five copies) namin hi 












od’ app 
in scie 


nce 


(including Clinical Medicine 
and Mathematics 


Applications are invited for the following university 
lectureships tenable from 1 October 1984. itis hoped that each 


of these appointments 


will be held in conjunction with a 


b college fellowship. Unless otherwise stated, further 


particulars of the university lecturerships, and of the relevant. 


| college appointments, may be 


obtained from the head of- 
to whom applications (ten 


de typed copies, or one from overseas applicants) should be sent: 
J] (Separate: application is not necessary for the associated 
“college appointments.) The closing date for receipt of 


“applications is 7 May 1984. 


CLARENDON LABORATORY 
Atomic, Laser and condensed matter physics. (Clarendon 
Laboratory, Parks Road, Oxford, OX13PU. Telephone Oxford 


(0865) 59291). 


ENGINEERING SCIENCE 


Physical. Electronics. 
‘Parks Road, Oxford, 
59988). 


HUMAN ANATOMY 


(Department of Engineering Science, 
OX1 3PJ. Telephone Oxford (0865) 


Anatomy. (Department of Human Anatomy, South Parks 


Road, Oxford, OX1 
MATHEMATICS 


30X. Telephone Oxford (0865) 58686). 


Application of Differential Equations. (Chairman of the Board 
of the Faculty of Mathematics, Mathematical Institute, 24-29 


"St. Giles’, Oxford, OX1 
PAEDIATRICS 


3LB. Telephone Oxford (0865) 54295). 


Paediatrics and Infectious diseases. (Department of 
Paediatrics, John Radcliffe Hospital, Headington, Oxford, 
OX3 9DU. Telephone Oxford (0865) 817434). 


PHYSICAL CHEMISTRY 


Computational Chemistry. (Physical Chemistry Laboratory, 
South Parks Road, Oxford, OX1 30Z. Telephone Oxford 


(0865) 53322). 


ZOOLOGY (INCLUDING MOLECULAR 


BIOPHYSICS) 
p Development 



















“KING’S COLLEGE LONDON 
= {University of London) 
QUEEN ELIZABETH 
COLLEGE 
CHELSEA COLLEGE 
LECTURESHIP IN 
<. BIOCHEMISTRY 



















didate will be expected to have an 

















A 1984. Please quote ref 


and Cell Biology. (Department of Zoology, 
Road, Oxford, OX1 3PS. Telephone Oxford 


(1626)A 


CC is not expected to affect the 
location of the Lecturer’s main 
teaching and research responsibil- 
ities, which will continue to be at 
King’s College in the Strand. 


Salary on the non-clinical 
academic teaching staff scale: £7,190 
— £14,125 per annum (according to 
age and experience) plus £1,186 per 
annum London Allowance. USS 
payable. 


Application forms and further 
details are available from Mr S P 
Harrow, Assistant Registrar, King’s 
College London, Strand, London 
WC2R 2LS (tel; 01-836 5454 


ext 2689), Applications should be 


submitted in duplicate with the 
names of two referees as soon as 
possible, and not later than 24 april 









d Cardiov 


Pharmacology 
This is a new position within our 
Pharmacology Department 
where there is an active group 
formed to investigate the 
pases? apy of putative 
enin inhibitors. 

Candidates will be post doctoral 
pharmacologists with specific 
experience in this scientie area 
able to participate in the 
research and development of 
novel chemical agents. 

This appointment will initially be 
for one year, although there 
exists the possibility of an 
extension. 

Starting salary, dependent on 
experience, qualifications and 
job content, will be around 
10,500 


Please write with full 
curriculum vitae, quota 

reference number WRL/ 264 
to Alan Murdoch, Personnel 
he Wellcome 


Lanagley 
Beckenham, 
3BS. 


POSTDOC/RESEARCH 
ASSOCIATE POSITION 


available immediately to study the 
molecular mechanism of cell trans- 
formation/carcinogenesis by EBV 
and HTLV, including cloning of 
HTLV genome and preparation of 
molecular probes, transfer of EBV 
and HTLV sub-genomic fragments 
into lymphocytes, mapping and 
analysis of the viral and cellular 
transforming functions. PhD and 
experience in molecular virology 
preferred. Salary $18-20K/yr. 


Send résumé and 3 ref to: Dr David 

J Volsky, Path & Lab Med, Univ 

Nebraska Med Ctr, Omaha, NE 

68105, USA. An Equal Opportunity- 
Affirmative Action Employer. 

(NW442A) 


NATERA ANANA AAVERE TO AABAA AANT 


ROYAL POSTGRADUATE 
MEDICAL SCHOOL 


(University of London) 
GASTROENTEROLOGY 


SENIOR RESEARCH 
OFFICER 
(POSTDOCTORAL) 


Required to join the Unit for a three 
year study, funded by the Wellcome 
Trust, of the control of gall blader 
contraction using RIA, HPLC and 
organ bath bioassay. 


Applicants must have a PhD 
degree in an appropriate field and 
have been workng or studying in a 
UK University continuously for the 
past three years. 


Salary will be on range 1A for non 
clinical Research and Analogous 
Staff commencing at £7,190 plus 
£1,186 London Allowance a year. 


Applications and further 
particulars may be obtained from the 
Personnel Office, Royal Post- 
graduate Medical School, 150 


Ducane Rd, London W12 OHS 





quoting ref: 2/JC/H. 


ing Date: 





| AND ARTIFICIA 


| Senior 





School of Epistem 


A POST-DOCTORAL 

RESEARCH FELL 
is required to work ôn d 
funded project entitled ‘ 
Recognition of Words if r 
Speech: and Interdisc 
Approach’. Candidates sh 
training to doctoral level in 
linguistics. Experience in. Art 
Intelligence and/or computa 
processing of speech would be 
advantage. À 








Grade 1A. EO 

Further particulars are available 
from the Secretary to the University, 
University of Edinburgh, Old 


College, South Bridge, Edinburgh 
EH8 9YL, with whom applications 
(three copies) including a cv and the 
names of two referees should be 
lodged not later than 30th April 1984. 


Please quote reference no 5162. 
(6IS)A | 


UNIVERSITY OF 


INSTITUTE OF NEUROLOGY: 


Medical Federation 
RESEARCH TECHNICIAN/ 
ASSISTANT oes 

Graduate required to join a Researck 
Group working on Moleculas 
Genetics of the Brain. Experience in 
Molecular Biology will be as 
advantage. Eo 
Salary scale: £6,401-£7,285 p.a 
inclusive depending on age ani 
experience. Apply with Curriculun 
Vitae to Dr. L. Lim, Department o 
Neurochemistry, Institute 0 
Neurology, 33 John’s Mews, Londo! 
WCIN 2NS (Tel: 01-242 4063) 
aSa 






UNIVERSITY OF LONDON 


GOLDSMITH’S COLLEGE 
BIOLOGICAL SCIENCES = 
DEPARTMENT 


LECTURER IN 
ZOOLOGY oo 
Applications are invited for the pe 
of Lecturer in Zoology to commen 
on 1 September 1984, or as soon. 
possible thereafter. Preference w 
be given to experimentalists 
teaching and research interest: 
of the following fields: : 
and/or Comparative Physi 
Ecology; Animal Behavio' 
higher degree and good te 
record are desirable. 


Salary on the scale £8,20: 
increments to £13,539 inclusiv 


Write for further particul 
‘Assistant > 
(Personnel), University 
Goldsmith’s Colleges, 
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The European Molecular Biology Laboratory, a research institute 
“situated in Heidelberg, West Germany, invites applicants for the 
following vacancy in its Nucleotide Sequence Data Library Group 
which is engaged in collecting, organising, and distributing a genetic 
sequence database. 





MOLECULAR BIOLOGIST OR 
MATHEMATICAL BIOLOGIST 


A position is available for a molecular biologist or mathematical 
biologist interested in genetic sequence data and their interpretation. 
The successful candidate will divide his or her time between research 
and improvement and development of the database. Possible research 
interests could include: 


~~ investigation of sequence encoded signals using pattern recognition 
Statistical or linguistic methods 

— genetic applications of alignment, comparison, and search algorithms 

— genome organization 

-- secondary structure prediction 

~~ molecular evolution 

Work on the database itself will include the development of research 

requirements and nomenclature, critical review of data, and 

supervision of student workers in annotation of sequences. 





_.gpme ideal candidate would have a doctorate or equivalent experience in 
~ fan appropriate area of study. Candidates at both the post-doctoral and 
‘<: more senior levels will be considered, but should be capable of relatively 
~ independent pursuit of their research interests. Some experience in the 
use of computing tools would be helpful, but expert programming 
capability is not required. Fluency in English is required and the ability to 
speak one or both of the two other official languages of the Laboratory 
(German or French) is desirable. 


Remuneration will consist of a competitive salary plus certain additional 
allowances, depending on personal circumstances. An initial contract 
of 3 years’ duration which can be renewed, will be offered. 


. Please write briefly for an application form, quoting ref. No. 
_ 84/19 to: EMBL, Personnel Section, Postfach 10.2209 D-6900 






ANIMAL ECOLOGIST a 
$A24,344 — $A35,806 
DIVISION OF WILDLIFE AND 
RANGELANDS RESEARCH _© 
DARWIN NT 
AUSTRALIA 


CSIRO conducts scientific and technological research in laboratories 
located throughout Australia and employs about 7,500 staff, of — 
whom some 2,300 are professional scientists. The Organization's 





research activities are grouped into five Institutes: Animal andFood f 


Sciences, Biological Resources, Energy and Earth Resources, 


Industrial Technology and Physical Sciences. The CSIRO Division of & : 


Wildlife and Rangelands is a member of the Institute of Biological 
Resources, 


The Division of Wildlife and Rangelands Research has establisheda — : 


multidisciplinary study of wetland and forest ecosystems in the Wet- 
Dry Tropics. Particular emphasis is being placed on plant-animal 
relationships, fire and environmental heteorogeneity in time and 
space, Data obtained systematically since 1975 have provided the 
basis of experimental investigation of relationships as the new and 
current phase of this study. 
The program is collaborative and involves a team of 6 ecologists and 
support staff, with a number of external collaborators including 
specialists in statistics and computing. It is based on a laboratory. in 
Darwin, with a dedicated study area of 700km? at Kapalga 200km to 
the east, with good field facilities. 
Duties: To undertake research into the effects of fire in a tropical 
ecosystem, with particular emphasis on mammals, reptiles and 
amphibia. The study would involve an experimental approach in 
cooperation with other plant and animal ecologists. The appointee 
will be responsible for the coordination of the fire Studies of the 
team. 
Qualifications: A PhD degree or equivalent qualifications in 
vertebrate ecology, preferably with post-doctoral experience in 
community ecology in the tropics and Statistically designed field 
sampling of animals and environmental parameters. 
Tenure: Indefinite with Australian Government superannuation 
benefits available. 
Applications: Stating full personal and professional details, the 
names of at least two referees and quoting reference No A5768, 
should be directed to: 

The Acting Chief 

CSIRO Division of Wildlife and 

Rangelands Research 
PO Box 84 












HEIDELBERG. 


(W869)A 


Eriin renee NAAA 
anannanaaaaaneanaanananoaoenaaasnan aO 


UNIVERSITY OF BRISTOL 


- CHAIR IN GEOGRAPHY 

Applications are invited from 
suitably qualified persons for a Chair 
in Geography tenable from ist 
August, 1984. In making the appoint- 
ment the University will have regard 
for the Department of Georgaphy’s 
involvement in the Faculty of 
Science. Candidates are sought with 


major interests and experience within 
the field of physical geography or a 
closely related area. Candidates are 
invited to submit applications, 
including the names and addresses of 
three referees, not later than the 30th 
May, 1984, to the Registrar and 
Secretary, University Senate House, 
Bristol. BS8 ITH, from whom 
further particulars may be obtained. 
(631IDA 






=- RESEARCH 


Department of Physiology, South- 
‘western Medical School, Dallas: 
-M.D, or Ph.D. with post-doctoral 
research experience in the 
¿mechanisms and regulation of pro- 
_ tel turnover, protein purification, 
nd in RNA preparation and trans- 

. Candidates should have 
funded grant support. 


Applicants should submit 
curriculum vitae and cover 
fetter to Dr. K. Wildenthal, 
-B12.100, The University of Texas 
‘Health Science Center at Dallas, 
5323 Harry Hines Bivd., Dallas 
Texas 75235. Equal Spr otan 

















employer. 








POSTDOCTORAL -Research 
Associate available immediately for 
studies on nuclear structured & 
functions in erythrodifferentiation & 
lymphocytic blastogenesis. Project 
area concerns with primary tran- 
scripts, heterogeneous nuclear RNA, 
small nuclear RNA & nuclear 
protein. Background in bio- 
chemistry, molecular biology & some 
training in tissue culture is desirable. 
The applicant will join an active 
research program in recombinant 
DNA technology. Send curriculum 
vitae & letters of reference to: Dr 
Oscar Pogo, Head Dept of Cell 
Biology, Kimball Research Institute, 
The New York Blood Center, 310 
E 67 St, New York, NY 10021. An 


| Equal Opportunity Employer. 
W448A) | q pp y emp 


(NW438)A 


LYNEHAM ACT 2602 
AUSTRALIA 
By May 4th, 1984. 


(W8 
CSIRO IS AN EQUAL OPPORTUNITY EMPLOYER 


TIA 


MONASH UNIVERSITY 
Melbourne, Australia 
DEPARTMENT OF PHYSICS 
RESEARCH FELLOW 


In Magnetism and Neutron Scatter- 
ing to investigate disordered 
antiferro-magnetic materials and 
spin glasses using low temperature, 
low field magnetometers and neutron 
polarisation analysis. Applicants 
should have a PhD or appropriate 
research experience and have 
completed research into similar 
magnetic materials. Familiarity with 
computing an advantage. 
Appointment from approx 1/9/84 
for a minimum of 2 years. Salary 
$A20,164 — $A22,513 per annum 
(plus some travel assistance). 
Enquiries to Dr T J Hicks. 


Applications, including Ref 
No 40662A, curriculum vitae and 3 
referees to the Registrar, Monash 
University, Clayton, Vic 3168, 
Australia, with a copy to the 
Secretary General, Association of 
Commonwealth University (Appts), 
36 Gordon Square, London WCIH 
OPF, by 30/4/84. (W874)A 


| Friday, 4 May 19 


THE UNIVERSITY COLLEGE _ 
OF WALES Go 
Aberystwyth 

DEPARTMENT OF 

BOTANY AND MICROBIOLOGY 
Applications are invited for the | 

post of Po 
POST-DOCTORAL s 
RESEARCH = 
ASSISTANT > 
tenable for a fixed term of up to th 
years to work on an AFRC fun 
project entitled ‘‘Studies on Ethyl 

Binding and Metabolism’. Ca 

idates should have a good hono 

degree and relevant postgradu 
experience. Salary on the Grade 

Scale £7,190 to £11,615 per annu 


Application forms and- 
particulars can be obtained 
Staffing Officer, The Uni 
College of Wales, Old Colleg 
Street, Aberystwyth, SY23 2 
0970 3177, Ext. 207).. 
enquiries can also be m 
Professor M A Hall (Tel 
3063). Closing date for a 
























UNIVERSITY 
FACULTY OF HEALTH SCIENCES 


Applications are invited for the following full-time 
faculty positions: 


| CTI Ea S; 
PHARMACOLOGY MB ASSISTANT PROFESSOR 
PHYSIOLOGY ASSOCIATE PROFESSOR 


ASSISTANT PROFESSOR 



















Candidates must have a Ph.D. or equivalent qualification 
with experience of teaching in a medical college and of 
research relevant to medical sciences. Those intending to 
pursue a career in Pakistan will be preferred, The under- 
graduate curriculum in Medicine is intended towards 
integration of basic and clinical sciences. The Faculty of 
Health Sciences and the Aga Khan University Hospital 
Services will be inter-dependent. 


Salary and benefits will be commensurate with quali fi- 
cations and experience. The letter of application with 
detailed resume and names of at least two referees 
should be addressed to the Personnel Director, The Aga 
Khan University, P.O. Box 3500, Stadium Road, Karachi, 
Pakistan. 
















Scientists 


Cetus Corporation, a leader in the 
field of biotechnology, is currently 
seeking qualified Ph.D.’s for our Phor- 
macology Department. The can- 
didates should have a minimum of 3 
years’ postdoctoral experience in the 
field of pharmacology with animal 
experimentation. 


Protein chemistry, immunology, 
cancer or monoclonal antibody exper- 
tise preferred. Industrial experience 


helpful. 


This position will report to the Direc- 
tor of Pharmacology, will set up a 
laboratory in Emeryville, CA, will 
have the support of two technicians, 
and will interact with other scientists 
at Cetus. Duties will include work on 
immunotoxin pharmacology (including 
efficacy, metabolism and distribution, 
and toxicology). 
Please send resume in confidence to: 
Dr. Art Frankel 
Cetus Immune Corporation 
3400 West Bayshore Road 
Palo Alto, CA 94303 





cetus. 


An equal opportunity employer 
oo. ait handicapped 


iNW436) A 













(W889) A 












































VILLEFRANCHE WORKSHOP 
ON 
CELL MOTILITY 


original structures and functions 
10-12 September 1985 


Celebration of the centenary of the Marine Station 
sponsered by EMBO 


Programme: The workshop intends to provide a forum for current 
research in cell motility with emphasis on unusual motile structures, 
and original features of cell movement. It will include plenary speakers, 
cammunications and posters sessions on the following topics: — 
motility in protists, fungi, sporozoa, gregarine axostyles ... — 
structures (basal bodies, striated roots, spindle. . .) and mechanisms 
controlling motility (ciliary reversal, chemotaxis. . .). — motility and 
non-actin filaments. 


Applications: a letter of application containing research interests 
should be sent to the organizer before December 1st, 1984. The total 





VILLEFRANCHE/ MER, 


number of participants will be limited to 60. 
Organizer: M. CACHON. Station Zoologique B.P. 28 06230 
(W880) Q 















STUDENTSHIPS 


UNIVERSITY OF 
CAMBRIDGE 
ZOOLOGY DEPARTMENT 
ARC RESEARCH 


STUDENTSHIP 


in 
NEUROCHEMICAL 
PHARMACOLOGY OF 
INSECTS 


Applications are invited for one 
research studentship, tenable for 3 
years, commencing October 1984. 
Candidates will be expected to 
register for a PhD degree and must 
have achieved a first-class or upper 
second-class degree in Biochemistry, 
Chemistry, Physiology or Zoology. 
The research topic for the student- 
ship will be in the area of insect nuro- 
chemical pharmacology and will 
involve the use of a multidisciplinary 
approach combining biochemical, 
physiological and anatomical 
techniques to identify and study the 
functional roles of insect neurones. 
The project will be supervised by 
Dr P D Evans. Applicants should 
write to: The Secretary, AFRC Unit, 
Department of Zoology, Downing 
Street, Cambridge CB2 3EJ, UK 
before ist May 1984 giving names 
and addresses of two referees and full 
details of academic career to date. 
(1595)F 


KING’S COLLEGE LONDON 


(University of London) 


Applications are invited from 
students/postgraduates wishing to 
undertake PhD research in the 
Geography Department: 


(D) Clay minerology, weathering and 
mudslide behaviour on coastal cliffs. 
Supervisors: Professor D Brunsden, 
Dr J I Pitman. (NERC supported). 


(2) Rainfall chemistry and acid 
deposition in SE England. Super- 
visor: J I Pitman. 


Further details and application 
forms can be obtained from 
Professor W B Morgan, Department 
of Geography, King’s College 
London, Strand, London 
WC2R2L5. (1598)A 





Southampton | 
: THE 
UNIVERSITY 


3 months. 

Applicants should have, or expect 
to obtain, a good honours degree in 
Geological Sciences. 

Applications with a full cv and 
names of two academic 
referees to T. Clayton/ J.E.AJ 
Marshall, from whom furthe 


articulars are avilable, by. ` | 
ay, 1984. (16; 





UNIVERSITY OF 
NOTTINGHAM 


DEPARTMENT OF 
BOTANY 


SERC STUDENTSHIP 


Applications are invited for a 
research studentship to investigate 
nitrogen in soil-rhizosphere systems 
in relation to soil moisture oxygen 
tension. a 


Candidates should have, or should 
expect to obtain in 1984, a first class 
or upper second honours degree t 
Botany, Biology or Microbiology A: 
the project involves fieldwork a 
current driving licence is desirable. 


Further details can be obtained 
from Dr. P. D. Crittenden, Depart. 
ment of Botany, The University, 
Nottingham, NG7 2RD to whorr 
letters of application, including. £ 
curriculum vitae and the names 0! 
two academic referees, should be sen’ 
as soon as possible, (1593)F © 
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= LEICESTER BIOCENTRE 
UNIVERSITY OF LEICESTER 
-° SERC BIOTECHNOLOGY 
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es for a research studentship in 
-yeast molecular biology commencing 
‘In October 1984 and tenable for 3 
-years. The project will involve studies 
on the replication and maintenance 
of linear dsDNA plasmids from the 
-yeast Kluyveromyces lactis using 
recombinant DNA and yeast genetics 
“methods, and will be under the joint 
supervision of Dr P A Meacock and 
Dr A Boyd. 


- Applicants should have at least an 
‘Upper Second Class Honours Degree 
by July 1984. 


. Applications, including 
-curriculum vitae and the names of 
two referees, should be sent to: Dr P 
“A. Meacock, Leicester Biocentre, 
University of Leicester, University 
Road, Leicester LEI 7RH. 
Telephone Leicester (0533) 551234 
Ext 277 where further details may be 
obtained. (1613)F 





UNIVERSITY OF LONDON 
WYE COLLEGE 

“DEPARTMENT OF HORTICULTURE 

RESEARCH STUDENTSHIP 


Applications are invited for a MAFF 
postgraduate Studentship tenable 
from October, 1984 to carry out an 
investigation into ‘The Status of the 
Hedgerow on Farms.’ 


Candidates should hold or expect 
‘to receive first or upper second class 
“honours degrees in Biological 
“Sciences, or Ecology/Geography, or 
related disciplines. 


- Further details and application 
forms from the Registrar, Wye 
College, University of London, Wye, 
Ashford, Kent. 


Closing Date 14th May, 1984. 
(1577)F 
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MEDICAL RESEARCH 
COUNCIL 


REPRODUCTIVE BIOLOGY UNIT, 
EDINBURGH 


RESEARCH STUDENTSHIP 


«Applications are invited for an MRC 
unded three-year PhD studentship 
-xto commence in October, 1984, for 
‘mesearch on either the neuro- 
endocrine control of sexual behavi- 
our in the common marmoset, or the 
ole of the ovarian hormones in the 
_ regulation of premenstrual syndrome 
n women. 
i 


\aditional information may be 
ed from Dr D W Lincoln, 
rector. 


Applications, including full 
curriculum vitae and the names of 
wo referees, should be submitted to 
Administrative Officer, MRC 
Reproductive Biology Unit, Centre 
‘or Reproductive Biology, 37 
halmers Street, Edinburgh, EH3 
W, by Friday, 20th April, 1984. 

2 y (1590F 























TUDENTSHIPS 


ROTHAMSTED 
EXPERIMENTAL STATION 
Harpenden, Herts ALS 2JQ 


AFRC RESEARCH 
STUDENTSHIPS 
Applications are invited from 
graduates in appropriate disciplines 
for three AFRC Studentships to 
commence October 1984, Successful 
candidates will be expected to under- 
take research on a topic chosen from 

the following list: 

1. Gene expression in transformed 
potatoes 

2. Transcriptional control of cereal 
protein genes 

3. Gene isolation in relation to C, 
photosynthesis 

4, Genetic basis of the efficiency of 
symbiotic nitrogen fixation 

5. Insecticide resistance and enzyme 
polymorphism in aphids. 


Applicants must hold, or expect to 
gain a first or upper second-class 
honours degree. The successful 
candidates will be registered for a 
MPhil or PhD with a University. 


Applications, indicating the 
project selected and giving names and 
addresses of two referees, should be 
sent to the Secretary by 27th April 
quoting Ref: 553. (1620)F 





UNIVERSITY OF BATH 


SCHOOL OF BIOLOGICAL 
SCIENCE 


RESEARCH STUDENTSHIP 
IN PLANT TISSUE 
CULTURE 


Applications and enquiries are 
invited from candidates with first or 
upper second class honours degrees, 
or those who expect to be awarded 
such a degree in the Summer for a 
research studentship leading to a 
PhD to study the establishment in 
vivo of tissue cultured (micro- 
propagated) plants. Work will con- 
centrate on the acclimitization of 
plant material by conditioning in 
vitro in order to optimise the plantlets 
in vivo establishment. 


Application forms and further 
details may be obtained from Dr H 
Wainwright, Plant Biology Group, 
University of Bath, Claverton Down, 
Bath, BA37AY. (1602)F 





UNIVERSITY OF BATH 


SCHOOL OF BIOLOGICAL 
SCIENCES 


RESEARCH STUDENTSHIP 
in 
COMPARATIVE 
ENZYMOLOGY AND 
CELLULAR EVOLUTION 


Applications are invited for PhD 
studentship to begin in October 1984. 
Candidates should possess, or expect 
to obtain, a first or upper second 
Honours degree in Biochemistry or 
the Biological Sciences. 


Applications, including a 
curriculum vitae and names and 
addresses of two referees should be 
sent to Dr M J Danson, Biochemistry 
Group, University of Bath, 
Claverston Down, Bath, BA2 7AY. 

(1601)F 
Continued on page 20 
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QUEEN MARY COLLEGE — 
University of London es 


New Blood Lectureshiy 
Applications are invited from those who will be under 35.0n 1 
1984 for posts established under the national scheme to encourag 


appointment of young staff:- 3 


AVIONICS: Applicants should have experience of and a researc 
interest in the interaction of ACT with structural dynamics or the design 
and simulation of complex control systems which use several micro- 
processors. They will also be expected to develop Undergraduate 
courses in Digital Control Systems and in Aircraft Sensors & Signal 
Processing. = 


EXPERIMENTAL PARTICLE PHYSICS: OMC has an active and | 


expanding programme: future experiments include electron-positron 
collisions at LEP, neutrino interactions at the SNS and nucleon-nucleon . 
polarization at LAMPF. There is a continuing programme at the proton- 
antiproton collider (UA1) and at LEAR (PS172). The Lecturer could join 
a current experiment and will be encouraged to take a major role in the 
developing and exploiting of the OPAL detector for LEP and in shaping 
the future programme of the group. 


ORGANIC CHEMISTRY: Candidates in any area of organic 
chemistry will be considered, but excellence and potential for 


achievement in the field of organic synthesis, particularly in the.. 


development of novel reagents, is the preferred field. 


SCHOOL OF MATHEMATICAL SCIENCES: a) DYNAMICS — 
applicants should have made significant contributions to dynamics and 
its applications. The group’s activities include the study of regular and 
chaotic motion in Hamiltonian and dissipative systems, and in a wide 
range of applications. 


b) PURE MATHEMATICS — the group's interests centre on 

algebra, especially algebraic and linear groups, homological algebra 
and representation theory, including integral representations. It is 
hoped by this appointment to strengthen the research base in 
representation theory, particularly as it relate to arithmetic and 
topology. 
Salary scale (under review): £7,190 — £14,125 p.a. plus £1,186 London 
Allowance. Applications forms and further details obtainable from The 
Senior Personnel Officer, Queen Mary College, Mile End Road, London 
E14NS (Telex 893750}, to be returned by 11 May. Forms also available 
from Joyce Eggleton, CERN, or Peter Nichols, Rutherford Appleton 
Laboratory. Applicants resident abroad please send c.v. and list of 
publications and ask 3 referees to write directly to QMC. (1635)A 





ASSISTANTSHIPS 


GRADUATE RESEARCH 
ASSISTANTSHIPS 


for PH.D. level students are available to work 
in the areas of molecular biology, gene ex- 
pression and characterization, and/or so- 
matic cell genetics of plants. Stipends range 
from $8,000 to $12,000 annually. Available 
through a cooperative degree program be- 
tween Los Alamos National Laboratory-Life 
Sciences Division and New Mexico State Uni- 
versity-Plant Genetic Engineering Laboratory. 
Send resume or contact: 

Dr. Gregory C. Phillips, interim Director, 

Plant Genetic Engineering Laboratory, 

Box GL, New Mexico State University, 

Las Cruces, New Mexico 88003. 


DIV. 84-BA 


university 


AUAN 


An Equal Opportunity/Affirmative 


Action Employer. (NW446 










Ludwig Institute for Cancer Research 


Walter and Eliza Hall Institute 
of Medical Research 


Biochemistry Department, University of Melbourne 
Protein Structure Laboratory 


Research Fellowship 
in Peptide Chemistry 


Applications are invited for a Research Fellowship which is 
available immediately. The duration of tenure is initially 2 
years with the opportunity for renewal. 


Applicants should have a Postgraduate Degree in Chemistry 
or Biochemistry with substantial experience in Peptide 
Synthesis and the separative and analytical procedure of 
Peptide and Protein Chemistry. The objectives of the 
research projects will be to synthesise Peptides 
corresponding to protein sequences in (a) Parasite Antigens 
and (b) Cell Surface Receptors. 


The work will be carried out in the laboratory of Professor 
S J. Leach in the Department of Biochemistry which is fully 
equipped for Peptide and Protein Structure, Analytical, 
Conformational and Immonchemical Studies. 


The Conformational Properties of the Purified Peptides will 
be studied using spectroscopic (CD, NMR) methods: 
Immuntogical and other biological properties will be studies 
by research groups in the three institutes involved. 
Depending upon the background and interests of the 
successful candidate, there will be ample opportunity to take 
an active interest in the uses to which the Synthetic Peptides 
will be put. 


Salary will be in the range of a Research Fellow Grade 1 
($20, 164-$23, 100) or Grade Ii ($23, 394-$26,540). 


Applications should include age, qualification, 
experience and the names and addresses of three 
referees. Applications close on April 21, 1984. 
Enquiries and applications should be addressed to: The 
Director, Ludwig Institute for Cancer Research P.O. 
Royal Melbourne Hospital, Victoria 3050. (W882)E 











































THE LONDON HOSPITAL 
MEDICAL COLLEGE 
(University of London) 


POST-DOCTORAL 
RESEARCH FELLOWSHIP 


DEPARTMENT OF IMMUNOLOGY products in malignancy. 
Applications are invited from 
Molecular Biologists with 5 years + 
post-doctoral experience and an 
interest in immunology/immuno- 
genetics. The appointment is funded 
by the Cancer Research Campaign of 
Great Britain and is tenable for 3-5 


WILMOT CANCER RESEARCH 
FELLOWSHIPS 


qualification and experience. 


EIL 2AD. 





pathology, and radiation oncology. 


allowance of £5,000 for other research costs. 


For further information, contact: 
Aat CANCER RESEARCH FELLOWSHIP PROGRAM 
Ox 
University of Rochester School of Medicine & Dentistry 
601 Elmwood Avenue 
Rochester, NY USA 14642. (NW438)E 





years. The successful candidate will 
be expected to establish and develop a 
molecular biology subsection of a 
Cancer Research Campaign funded 
group already working on the 
biology, immunochemistry, and 
molecular genetics of MHC gene 


Salary and tenure depending upon 


Applications to Professor H 
Festenstein, Department of Immuno- 
logy, London Hospital Medical 
College, Turner Street, London 
l (1608)E 
















The University of Rochester School of Medicine offers research 
training to individuals with the MD degree and at least one year of 
postdoctoral experience. Research fellows can train for up to three 
years in any discipline relevant to the cause, diagnosis, treatment or 
prevention of cancer. Training is available in fields such as: 
endocrinology, experimental therapeutics, genetics, hematology, 
immunology, microbiology, molecular and cellular biology, 


Stipends range from $27,000 to $30,000, depending on the number 
of years since the MD degree was achieved, and there is an annual 
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UNIVERSITY OF NOTTINGHAM FACULTY OF | 
AGRICULTURAL SCIENCE < 
POSTDOCTORAL FELLOWSHIPS — 
RESEARCH ASSISTANTSHIPS 
IN REPRODUCTIVE PHYSIOLO 


Applications are invited for three positions: en. 
A PHYSIOLOGIST with a doctorate degree or equivalent training to 


assist in teaching physiology and research in reproductive physiology. — 
Tutoring and/or demonstrating experience in neuro- and cardio. $ 
vascular physiology an advantage. Research interests preferably in $ 


neuroendocrinology or neuropharmacology. Post available from ist 
May for a three-year period. 

A BIOCHEMIST and a VETERINARY PHYSIOLOGIST are required for 
a five year co-operative project established with Dr A.P. Flint of the 
institute of Animal Physiology, Babraham, Cambridge, to investigate: 
the endocrine control of the corpus luteum in the cow and the relation- 
ship between luteal function and embryo mortality. Closing date for 
applications is Ist June. 

For the PHYSILOGIST’S post we seek an appointee with a veterinary 
degree, preferably with a PhD or equivalent research training and 
experience in reproductive physiology, particularly embryo mortality. 
The work involves whole-animal and tissue culture studies, mainly at 
Sutton Bonington. 

Applicants for the BIOCHEMIST'S post, who should have a doctorate 
degree in biochemistry or molecular biology, will be required to study 
novel aspects of the endocrinology of the corpus luteum and uterus 
mostly at IAP Babraham; experience in techniques of protein purifi- 
cation would be an advantage. we 
Successful applicants would all become members of the AFRC 
Research Group on Hormones and Farm Animal Reproduction. gl 
Applicants should forward a curriculum vitae giving the names. - 
and addresses of two academic referees to Professor G.E. 
Lamming, University of Nottingham Faculty of Agricultural 
Science, Sutton Bonington, Loughborough, Leics LE12 SRD, — 
from whom further written details can be obtained. Salaries 
within range £6,310 — £8,530 or £7,190 — £10,710 p.a. according to 
age, qualifications and experience. (1S73)E 

















POSTDOCTORAL RESEARCH 
FELLOWSHIPS FOR PLANT 
MOLECULAR BIOLOGY 
AT THE 
FRIEDRICH MIESCHER-INSTITUT, 
BASEL 


Investigators experienced in microbiological and gene cloning 
techniques, and interested to participate in studies of genetic 
transformation and gene regulation in higher plant cells, are invite 

to submit their CV and names of two referees to: Ainm" 
Drs. B. Hohn and |. Potrykus, Friedrich Miescher-Instituly 
PO Box 2543, CH-4002 Basel, Switzerland. (W867YE 










UNIVERSITY OF CAMBRIDGE 
DEPARTMENT OF PHYSICAL CHEMISTRY 


Postdoctoral Research 
Fellowship in Surface Chemistry 
and Catalysts 


Applications are invited for this postdoctoral fellowship which is 
supported under the ICI Joint Research Scheme and is tenable for 
up to three years. The project involves investigating the properties 
of intermetallic systems and heterogeneous catalysts derived from 
them by a novel route. Experimental techniques include IR 






of a wide pressure range (molecular beams, dynamic mass spectro 

metry, high pressure single crystal reactor). A PhD ina relevant are 

of experimental chemistry of physics is essential, and same @x- 

perience of ultrahigh vacuum techniques and electron spectro- — 

scopy is desirable. The post is available from 1 October 1984 and. ~~ 

starting salary is in the 1A range (up to £8,530 plus 

Superannuation}. Applications including c.v. and the names and ` 
addresses of two referees should be sent to: 

Dr R. M. Lambert 
Department of Physical Chemistry | | 
Lensfield Road, Cambridge, CB21EP. (1612E >= 


bps 





A 

a< 
> a 
a7 
> pan 








O 





Say goodbye 
ne soft ak 


Trisacryl separates better and faster 


The built-in magic of 
matrix engineering gives 
you form, porosity, » 
strength and hydrophilic’ 
behaviour. Just pure 
chemistry. Hard. Inert. 
Synthetic. The ultimate support — Trisacryl". 
Whether for Affinity, Ion Exchange or Gel Fil- 
l Diut a tration, Trisacryl is engineered to give you better 
oe martwe | yaguits— guaranteed! 
Hit: OOSM modtam aeeai Suc eas) Get the facts in our new catalogue and give your- 
| self a whole new scenario of problem-free chro- 
matography. 


Trisacryl is developed and manufactured by IBF 


Pointet-Girard (Rhône Poulenc Group) 


Circle No.43 on Reader Service Card. 


Head office: LKB-Produkter AB, Box 305, S-161 26 Bromma, Sweden. Tel 08-98 00 40, telex 10492 
Main US sales office: LKB Instruments, Inc. 9319 Gaither Road. Gaithersburg, Maryland 20877. Tel. 301-963-3200, telex 909870 (dom.), 64634 (intern.) 
UK sales office: LKB Instruments Ltd., 232 Addington Road, 5. Croydon, Surrey CR2 8YD, England. Tel 01 -657 8822, telex 264414 
Other sales offices in: Antwerp, Athens (for Middle East), Bangkok, Copenhagen, Lucerne, Madras, Moscow, Munich, Paris, Rome, Turku, Vienna, Zoetermeer 






THE INFLUENCE OF FLOW RATE AND 
PARTICLE SIZE/SHAPE 


optimal flow rate 


me LKB 2205 CM-Trisacry!® M 
spherical, 40—80 um, Naci =0.5M 


=— Competitor CM-ion exchanger _ 
cellulose, microgranular, [NaCl] =0.625 M 
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Hybridization Probe DNAs 


Highly purified, sequence-specific DNA fragments, 
designed for use in nick translation reactions and 
for the detection of oncogenic sequences by nucleic 
acid hybridization. 


Pabi:1™ 0.5ug/5pl* + controls each $125.00 
3+ 99.00 

Pmos:1™ 0.5y¢/5ul + controls each $125.00 
3+ 99.00 

Pmyb: 1™ O.5yg/5pl + controls each $125.00 
3+ 99.00 

Pmyc-1™ O.5yg/5ul + controls each $125.00 
3+ 99.00 
Pras: 1 ™ O.5ag/54l + controls each $125.00 
3+ 99.00 

Pras:2 ™ 0.5ag/5ul] + controls each $125.00 
3+ 99.00 


"Suficient product provided to perform 5-10 Southern blots. 





Antibodies 


‘N. Well-characterized, extensively tested antibodies 
_ for the detection of oncogene protein products and 
related antigens, such as the epidermal growth 
factor receptor. Designed for use in immuno- 
fluorescence, immunoprecipitation, and enzyme 





TWO NEW reliable, up-to-date 
and complete biotechnolog, 


information resources. 









An indispensable guide 
to: * Products, services and 
research * Companies * 
Government and inter- 
national agencies * Infor- 
mation sources 

THE INTERNATIONAL 
BIOTECHNOLOGY 
DIRECTORY 198 — 
+ is thoroughly international 
+ features a unique BUYER'S 
GUIDE to products, re- 
search and services 


Information 
Sources in 
Biotechnology 


* covers both old and new 
technologies 

* covers technical and com- 
mercial literature 

* covers difficult and hard 
to trace sources 

* includes over 20 at-a- 
glance evaluation tables 

* provides an Index of 
publishers and their ad- 
dresses 

Dr. Crafts-Lighty, Head of 
Information and Library 
Services at Celtech Limited, 
systematically and critically 
reviews all the important 
information sources: 

* books ® conferences ® trade 
periodicals ® research period- 
icals ® computer databases 
è patent ® market surveys 
è directories ® organisations 
è secondary sources 


l FREE APPROVAL ORDER FORM 


l- Sertia Jacobs, Globe Book 
I Services Ltd., FREEPOST, 

| Brunel Road, Houndmills, 

' Basingstoke, 

i Hants RG21 2BR, England. 


| Please send me on 30 days FREE APPROVAL 


—— 


* covers both the old and new 
biotechnologies 

The Directory tells you: 
* Who your competition is, 
and what they are doing. 

* Who are potential cus- 
tomers and suppliers. 

* Where to buy equipment, 
chemicals and services. 

* Where culture collections 
are located and what cultures 
they hold. 

% Who imports/exports bio- 
technology products in over 
20 countries. 

* Which government de- 
partments are associated 





with biotechnology. 

All compiled by the eminent 
biotechnologist Dr. Jim 
Coombs and now available to 
you on FREE AP- 
PROVAL. 

Macmillan Hardcover 400pp 
November 1983 

ISEN 0 333 35140 1 

£50.00/ A$100.00 


Macmillan Paperback 320pp 


Saat aes aoe 
ISBN 0 333 361784 


£40.00/$80.00 


Send no money now. 
Examine on FREE 
APPROVAL 

You can take these new 
books for 30 days examin- 
ation without commitment. 
If you are not completely 
satisfied, just return the 
book(s) in good condition 
within 30 days and we will 
cancel your invoice. 





SFr 


Globe Book Services Limited, 
Brune! Road, Houndmills, 
Basingstoke, Hants RG21 2X5 qoe 

Telephone: Basingstoke (0256) 
A DIVISION OF MACMILLAN 
PUBLISHERS LTD 
The Nature Press, 
15 E 26 Street. New York. N.Y 10010 
Telephone: 212-532-4811 





The Nature Press, 


15 E 26 Street, New York, | 

N.Y. 10010. Credit card I 

callers call toll-free | 

800-221-2123 (or in 

New York: 212-532-4811) | 
| 


linked assays. 
ABmyc:1™ 


ABras:1'™ 





ABsrc-1'™ 


ABecr-r:1'™ 





**Sufficient product provided to perform 50 RIP~PAGE assays. 


Recons. Vol. 0.5 ml** 


Recons. Vol. 0.5 ml 


Recons. Vol. 0.25 ml** 


Recons. Vol. 0.5 ml 


each 
3+ 


each 
3+ 

each 
3+ 


each 
3+ 


$125.00 
99.00 


$125.00 
99.00 


$125.00 
99.00 


$125.00 
99.00 





To receive complete product details and the premier issue of 
ONCOS—including your FREE “Gel Scale"—fill out the reader service 


card or call or write ONCOR, INC. 





oncor. 





oncor, inc. * P.O. Box 870 Ħ Gaithersburg, MD 20877 Ħ 301/963-3500 


| copies of The International Biotechnology Directory 1984at | 
£50.00/$100.00 each, and/or__.___copies of Information | 
Sources in Biotechnology at £40.00/$80.00 each. 

l ifi am not entirely satisfied. | may return any book in good 
I condition within 30 days and you will cancel my invoice. 

I Postage and Packing 

| UK subscribers £2.00 (Overseas £3.00) US Subscribers 

| $1.50 

| Tick preferred method of payment 














| Bill me. | need send no money now 
' | enclose cheque for £/$ 
Charge my credit card on publication £/$ 
- Visa L Access/Mastercharge . Am. Express _ Diners 
i Card No. - Expiry Date__ 
| Signature 5 
' (Orders cannot be accepted without a signature) 
Name —E = 
| (PLEASE PRINT) 
l Address 








Postcode/Zip Code 
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| Books will be delivered to you on publication: ls N3 - 
Ta Subscribers POST TODAY — NO STAMP NEEDED T 






Recent developments in 
molecular biology, many of 


< which have been described 


by their authors in Nature, 


3 are helping to clarify the 


causes of cancer. With each 
passing week, more and 


more people consider that a 








full understanding of cancer 


cannot be long delayed. 


But the implications for 


= physicians and their patients 
are still entirely unclear. 


This is why NATURE has 
chosen to devote its third 
international conference to 
an occasion when 
researchers in the life 
sciences and clinicians can 
assess the importance of 
recent developments in 
molecular biology for the 
understanding and, 
ultimately, for the treatment 
of cancer. 
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Sa Lai Site 


NATURE, the international : 
journal of science 


Perhaps the most important international 
conference you could attend in 1984. De- 
voted to the recent contributions of molecular 
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sanded by 


biology to the understanding of malignant 


disease 


For Research Scientists 
and Clinicians 
IN SEARCH OF UNDERSTANDING... 


EAE A IAD 





SEPTEMBER 10, 11, 12, 1984 


BOSTON PARK PLAZA HOTEL 


Park Plaza at Arlington Street 
Boston, MA 02117, U.S.A. 


The conference program has been de- 
signed for two groups of people — resear- 
chers in the life sciences anxious to learn 
about and discuss the latest develop- 
ments in the molecular biology of cancer, 
and physicians who consider that these 
developments may eventually affect their 
own work with patients. 


Participation in the conference will be 


restricted so as to provide opportunities for 
those participating to mix with and to 


question those responsible for the latest 
research. 


To this end, the leading scientists making 


To take part in this important and novel 
rooms (also limited) at the Boston Park © 
Plaza Hotel and Towers. 





TO REGISTER FOR THE CONFER- 
ENCE: Return the form appearing in this 
advertisement, with your check, or an 
authorized purchase order from your 
organization. 


PEARLY REGISTRANTS SAVE $50: If 
your registration and payment is received 
by July 1, you may deduct $50 from the 
regular full registration fee of $325. You 
pay only $275. 


THE SETTING: Boston Park Plaza 
Hotel and Towers, Boston located at Park 
Plaza and Arlington Street, just off the 
famous Boston Public Gardens and 
Common. 


ROOM RESERVATIONS: Alarge block 
of rooms has been set aside for attendees, 
but we do suggest that you reserve your 
accommodations early, to avoid dis- 
appointment. Rooms must be reserved 
directly with the Hotel, at (617) 426- 
2000, or 800-225-2008, Telex: 710 321 
1088. Be certain to mention your parti- 
» cipation in the “Nature Conference”, to 


‘ take advantage of these special lower 


rates: Singles: $70, 80 & 85; Double: 
$85, 95 & 100. 


CONFERENCE DINNER: The Confer- 
ence dinner will be held on Tuesday 
evening, September 11th, in the Imperial 
Ballroom. TO INSURE SEATING AT 
THE CONFERENCE DINNER, please 
include your dinner ticket requirements 
and payment of $25 per person with your 
Registration. 


POSTER SESSIONS: A limited space 
for posters will be made available. Please 
write to: Poster Sessions Editor, Nature 
Publishing Company, 15 E 26 St., N.Y., 
NY 10010. 


RECRUITMENT CENTER: Private 
meeting rooms and staff will be provided 
for recruitment executives and scientists 
to discuss employment opportunities. 
Contact: Miss Gene Fein, Recruitment 
Services Manager, Nature Publishing 


TUESDAY, 11 September 

Exhibition Viewing: 8:30am — 6:30pm 
Recruitment Center: 8:30am — 6:00pm 

DAY 2 

THE CANCER CELL — HEREDITARY 
CANCER, TUMOR PROMOTERS 


Co., 15 E 26 St., N.Y., NY 10010, (212) 


689-5900. 


Conference Program 


September 10-12, 1984 
Boston Park Plaza Hotel 


Daily Themes: 

DAY 1 - ONCOGENES, 

DAY 2 - THE CANCER CELL, 

DAY 3 - PROSPECTS/PROBLEMS. 





MONDAY, 10 September 
Exhibition Viewing: 8:30am — 6:30pm 
Recruitment Center: 9:30am — 6:00pm 


DAY 1 
ONCOGENES AND GROWTH 
FACTORS — WHAT THEY ARE 
AND WHAT THEY DO 
9:00— 9:15 Chairman 
9:15—10:00 Oncogenes 
R. Weinberg (MIT) 
10:00— 10:45 Growth factors 
M. Spom (NIH) 
11.15—12.00 HTLV R. Gallo(NIH) 
12.00— 12.30  Clinician’s view 
S. Broder (NIH) 
2.00— 4.00 Roundtable with 
morning speakers 
4.30— 5.30 Thecancercell 


J. Cairms (Harvard) 


AND CARCINOGENESIS 
9.00— 9.15 Chairman 
9,15— 10.00 Gene regulation 
P. Leder (Harvard) 
10.00— 10.45 Hereditary cancer 
R. White (Utah) 
11.15— 12.00  Carcinogens and 
promoters 
I.B. Weinstein (Columbia) 
12.00— 12.30 = Clinician’s view 
F. Gilbert (Mt Sinai) 
2.00— 4.00 Roundtable with 
morning speakers 
430— 530 NCI program 


WEDNESDAY, 12 September 
Exhibition Viewing: 8:30am — 3:00pm 
Recruitment Center: 8:30am — 3:00pm 


DAY 3 
PROSPECTS AND PROBLEMS — 
DRUG RESISTANCE, MONOCLONAL 
ANTIBODIES AND NEW DRUGS 
9.00— 9.15 Chairman 
9.15— 10.00 Diagnostics and 
therapeutics 
G. Todaro (Oncogen) 
10.00— 10.45  Immunotoxins 
dJ. Uhr (Texas) 
11.15— 12.00  Drugresistance 
A. Varshavsky (MIT) 
12.00— 12.30 = Clinician’s view 
J. Gutterman (Houston) 
2.00— 4.00 Roundtable with 
morning speakers 
400— 445 Prospects 
4.45 Closing remarks 


TO REGISTER FOR THE CONFERENCE, mail this form with your payment. 


























+ 

E; 

j 

Í Please reserve my place at a ae 4 

tan t as a paid conference partici- 
The Molecular Biology of CANCER panes 

ogy pant, I may attend all sessions, and receive all 

| Iwish to reserve Conference Registra- programs and other materials. ! 

{ tion(s) in the names of: (Please print or type) My Check for $ is enclosed. i 

I Charge My Credit Card as Shown: I 

OAMEX  OVISA OMASTERCARD ; 

Credit 

| and___ Seats at the Tuesday Evening Din- crane cuales ee a | 

l ner in the names of: Sioristiire i 
4 (as it appears on credit card) i 

l O Please Bill Me i 

i RER Title O Please Bill My Organization i 

RETURN TO: 
i Co. /Institution The Molecular Biology of CANCER 
c/o NATURE PUBLISHING COMPANY i 
Address 15 E. 26th Street i 
- NEW YORK, NY 10010 i 
i City, State, Zip Phone: (212) 689-5900 i 


du, yO 
vitamin D assay system 





Vitamin D3 


Vitamin D2 





This exclusive assay system has been designed to have 
the following advantages: d 


® Convenience 
-no HPLC step in the sample purification 
- explicit, easy-to-follow protocol 


@ Specificity 
-elimination of non-specific lipid interference 
-extremely specific, high affinity binding reagent 


Please contact Amersham or your local representative for 


further details. > 
Amersham International pic A h 
se bokt Aga 04 04) 4444 m ers am 
SNT ia a ee ee eT 


Amersham Australia PTY Limited Sydney Amersham Belgium SA/NV Brussels Amersham Buchler GmbH & Co. KG Braunschweig W Germany 
Amersham Corporation Arlington Heights USA Amersham Denmark ApS Birkerod Amersham France SA Pans Amersham Japan Tokyo Amersham Nederland BV Utrechi 













ATURE VOL.308 12 APRIL 1984 








Science in India is surveyed in a feature beginning on 
page 581. Cover photos: Mrs Gandhi shows off the 
SLV-3 satellite launcher; background, the Taj Mahal. 
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Authors should be aware of the diversity of Nature's readership 
and should strive to be as widely understood as possible. 


Review articles should be accessible to the whole readership. ` 
Most are commissioned, but unsolicited reviews are welcome {in 
which case prior consultation with the office is desirabie). 


Scientific articles are research reports whose conclusions.are of 
general interest or which represent substantial advances of 
understanding. The text should not exceed 3,000 words and six 
displayed items (figures plus tables), The article should include 
an abstract of about 30 words. 


Letters to Nature are ordinarily 1,000 words long with no. more: ci 
than four displayed items. The first paragraph (not exceeding a 
$50 words) should say what the letter is about, why the study it ie 
reports was undertaken and what the conclusions are. a 


Matters arising are brief comments (up to 500 words) on articles aoe 
and letters recently published in Nature. The originator of a: = 
Matters Arising contribution should initially send his >. 
manuscript tó the author of the original paper and both parties ae 
should, wherever possible, agree.on what is to be. submitted, . es 


Manuscripts may be submitted either to London or Washington Hae 
{decisions . being made only in London). Marius 
scripts should be typed (double spacing) on one side of the pa 
only. Three copies are required, each accompanied by copie 
lettered artwork. No title should exceed 80 characters in length 2 
Reference lists, figure legends, etc. should be on separate ‘sheets, 
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their first appearance. ate 


References should appear sequentially indicated by aona a 
in the text and should be abbreviated according to the World LAE) 
of Scientific Periodicals, fourth edition (Butterworth 1963-65 
The first and last page numbers of each reference should. b 
cited. References to books should clearly indicate the publish 
and the date and place of publication. Unpublished arti 
should not be formally referred to unless accepted or submi 
for pubucanon, but may be mens in the text. 
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Central Autonomic Neurotransmission. L. Swanson, J. Unnerstall, S. Amara: Pe- 
ripheral Peptidergic Regulation of the Circulation. j. Bevan, J. Lundberg, R. 
Bevan; Autonomic Reflex Regulation of the Circulation During Exercise. L. 
Stone, |. Mitchell, L. Rowell, J. Shepherd: Central Peptidergic & Amino Acid Trans- 
mission, |, Phillips, P Sawchenko, W. Talman; Ventral Medulla & Circulatory 
Regulation. A. Loewy, C. Polosa, R. Dampney, C. Ross; Low Pressure Barorecep- 
tors. D. Kostreva, K. Goetz, A. Niijima; Ontogeny of Cardiovascular Regulation. 
T. Slatkin, E. Mills, P Gootman, M, Hofer; Autonomic Ganglia & Cardiovascular 
Regulation. D. Kreulen, W. Weems, A. Armour: Nucleus Solitarius & Circulatory 
Regulation. M. Nathan, R. Bucholz, P Langhorst, W. Blessing. 


MICRONUTRIENTS: VITAMIN A AND RETINOIDS (lune 17-22) 

Chairman: Frank Chytil, Vanderbilt University 

Vice-chairman: James S. Olson, lowa State University 
., Absorption, Metabolism & Storage. D. Goodman, A. McCormick, D. Ong, A. 
-T Ross; Methods of Research. j. Catignani, J. Olson, J. Smith; Retinoids & the Skin. 
“oP Elias, E. Fuchs, H. Green, C, Orfanos; Retinoids & Differentiation of Teratocar- 

cinoma Cells. W. Anderson, M., Sherman, S. Strickland: Mechanisms of Action. 

W. Cohn, M. Griswold, P Peterson, S. Porter, F Chytil: Retinoids & Cancer. L. 
Deluca, R. Moon, Y, Muto, |. Wolf: Clinical Applications. P. Elias, F. Meyskens, 
L. Orfanas, G. Peck; Mammary Carcinomas. J. Rosen, A. Lacroix; Retinoids & the 
Eye. D. Bok, C. Bridges, G. Chader, }. Saari. 


DIAGNOSIS, TOXICITY & THERAPY OF TRICHOTHECENE MYCOTOXICOSIS 

(June 24-29) 

Chairman: Robert Wannemacher, U.S. Army Medical 

Research Institute of infectious Diseases 
Vice-chairman; Paul Newberne, Massachusetts Institute of 
Technology 

in Vivo Toxicity. W. Buck, D. Bunner, H. Schiefer, H. Neufeld, A. Rogers, R. 
Lorenzana; Mechanism of Action at the Cellular Level. C. McLaughlin, |. O'Brien, 
C. Lafarge-Frayssenet, |. Middlebrook, W. Thompson; Metabolism. C. Mirocha, J. 
Pace, M, Marletta, Y. Ueno, B. Waliner, S. Swanson, W. Busby; Immuno Detection., 
F. Chu, J. Hewetson, K. Hunter, L. Richer: Organ Toxicity. P. Newberne, G. Parker, 
V. Beasley, C. Hassler, W. Woods, B, Yagen, T. Cosgriff; Chemistry & Detection 
by Physical Techniques. |, Rosen, 5. Misster, B. Jarvis, B. Heitke, R. Pawlosky, R. 
Black, W. Roush; Therapy of Mycotoxicasis. A. Meister, R, Fricke, M. Bayorh, G. 
Buchi, G. Lundren; Human Effects Associated with Mycotoxicosis. Future Re- 
-oa@ggearch Needs of the Health Service Community. R. Wannemacher, S. Page, D. 
= TBünner, D. Talmadge, USDA. 





IMMUNOPHARMACOLOGY gully 1-6) 
Chairman: Lawrence Liċhtenstein, Johns Hopkins University 

Vice-chairman: Anthony Allison, Syntex Research 

- Phospholipid Turnover & Cell Activation. R. Siraganian, M. Beaven, j. Mato; Bio- 
logical Origins of Arachidonic Acid. T, Sullivan, P. Majerus, E. Lapetina, C. Parker, 
W. Scott; Metabolism of Arachidonic Acid ~ Cyclo-oxygenase/Lipoxygenase 
Pathways. R. Murphy, J. Oates, P Needleman, R, Gorman, W. Lands; Drugs Af- 
fecting Arachidonic Acid Release or Metabolism. ]. Rokach, W. Pickett; Biologi- 
cal Effects of Lipoxygenase Products. A. Ford-Hutchinson, R. Lewis, B. Whitman, 
H. Johnson; Immunoregulation by Arachidonic Acid Metabolism. E. Goetz!, M. 
Goodman, J. Goodwin, D. Payan, P Sirois, V. Kelley; Biological Effects of Non- 
arachidonic Acid-derived Lipids. R. Pinckard, F. Snyder, F. Fitzpatrick, M. Halonen, 
P. Henson; Oxidants in Relationship to Arachidonic Acid Metabolism. j. Hoffeld, 
R. Mason, F. Kuehl, |. Humes, J. Hoffeld: Lipoproteins as immunoregulatory 
Molecules. A. Allison, J. Harmony, C. Pierce, D. Webb, C. Pong. 


SOMATIC CELL GENETICS (uly 8-13) 

. Chairman: Lawrence Chasin, Columbia University 

Vice-chairman; Thomas Caskey, Baylor College of Medicine 

Gene Transfer Systems. M. Botchan, T. Grodzinger, R. Mulligan, B. Wakimoto: 

Mutations & Recombination. L. Chasin, M. Shure, A. Smith, G. Wahi: Onco- 

geñes. M. Wigler, G. Cooper, H. Land, |. Verma; Mammalian Cell Mutants. L. 

Siminovitch, M. Gottesman, L. Herzenberg, L. Thompson; Hormone Response. 

P. Coffino, G. Firestone, H. Herschman, K. Paigen; Genetics of Specialized Celis 

& Genes. M. Pearson, C. Benyajati, G. Martin, A. Skoultchi; Expression of Trans- 
_ ferred Genes. W. Schaffner, M. Capecchi, T. Maniatis, U. Schibler; Genes of the 

_ Immune System. 5. Weissman, M. Davis, S. Lewis, A. Ullrich; Genes Related to 

-~ -Human Disease. C, Caskey, A. Beaudet, J. Prockop, R. White. 
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ANNOUNCING THE PROGRAM FOR 
FASEB SUMMER RESEARCH CONFERENCES FOR 1984 






= gy will again present a series of Summer Research Conferenci 
esigned to meet the demand of experimental biologists for intimate and detailed analysis of current research in areas of intense 
cientific interest. The conferences, held weekly at the Vermont Academy in Saxtons River, Vermont, will be limited to 





RECEPTORS (July 15-20) SB ae ee 
Chairman: Robert Lefkowitz, Duke University Medical Center 
Vice-chairman: Henry Metzger, National Institutes of Health ee 

Biochemical Approaches to Studying Membrane Proteins in Integrated Systems. 

H. Metzger, E. Racker, E, Elson, H. McConnell: Receptors & Adenylate Cyclase 

System. M. Caron, R. Lefkowitz, M. Smigel: Receptors & Gene Expression, B. Pe 

O'Malley, G. Greene, C. Bardin; Receptor Dynamics. D. Lane, W. Schneider, We 

Greene, R. Klausner; Receptors & lon Channels. D. Triggle R. Stroud, W. Catterall: ae 

Growth Factor Receptors. M. Czech, M. Billereal, M, Hayman; Receptors of the: 

Immune System. R. Schwartz, M. Davis, E, Reinherz, W. Paul: Insulin Receptors. | 

C. Kahn, S. Jacobs, M. Fehlmann, $, Taylor; Overview Lecture. |. Pastan. ae 


CALCIUM AND CELL FUNCTION (july 22-July 27) 

Chairman: Claude Klee, National Institutes of Health 

Vice-chairman: Thomas Vanaman, University of Kentucky oe 
Structure/Function of Calcium Binding Proteins. R. Williams, B. Levine: Three 
Dimensional Structures of Calcium Receptor Proteins. K. Moffat; Calcium Se- > 
questration & Extrusion Systems, E. Carafoli, K. Philipson, D. McLennan: Cae 
cium Channels. H. Reuter; Calcium Dependent Regulation of Cytoskeleton & 
Cell Motility. A. Means, S. Kakuchi: Calcium Dependent Protein Kinases & Phos- ae 
phatases. P Cohen; Role of Calcium in Excitable Tissues. P Greengard, Moo. 
Niremberg; Summary Lectures. C. Tanford. 


DEVELOPMENT AND SENESCENCE OF THE IMMUNE SYSTEM 

uly 29-August 3) 

Chairman: Marc Weksler, Cornell University Medical College 

Vice-chairman: Gregory Siskind, Cornell University Medical College 
Molecular Genetics of Lymphocyte Development. M. Weigert, L. Hood: Devel- 
opment of B Lymphocytes — In Vivo. M. Cooper, N. LeDovarin, O. Witte, F. Ault: 
~ In Vitro. W. Paul, R. Lynch, E. Vitetta: Senescence of Humoral immunity, N. 
Klinman, E. Goidl, G. Doria; Development of T tymphocytes In Vivo, O. Stut- 
man, M. Bevan; Development of T Lymphocyte Receptor. H. Kunkel, S. Schloss- 
man; Senescence of Cellular Immunity. R. Walford, R. Miller. W. Weigle; Devel- 
opment of Macrophages. €. Unanue, H, Grey, |. Chiller; Impaired Development 
of the Immune System. T. Waldmann, F Rosen, R. Schwartz. 


LYMPHOCYTE AND ANTIBODY NETWORKS: IMPACT OF INFECTIOUS 

AGENTS (August 5-10) 

Chairman: Charles Janeway, Yale University Medical School 

Vice-chairman: Leonard Chess, Columbia University 
la Antigens & Antigen: Presentation, D. Murphy, R. Schwartz: Major Murine. 
Models of Lymphocyte Abnormalities nu/nu, Xid, Anti-u, Germ: Free, lpr/Ipr & 
SCID. H. Wortis, E Steinberg: Altered APC & Macrophage Function in Infection, 
Leprosy, Listeria, Pneumocystis, TB & Hodgkins Disease. E, Unanue, B. Bloom; e% 
B Cells: Normal & Abnormal: Activation, Growth, Antigen Presentation & Ig 
Genes. F. Melchers; Helper T Cells, Helper Cell Clones, T Cell Receptors, la& o 
ig Recognition. C. Janeway, E Reinherz: Bacteria & the immune Response: Do 
Briles, R. Schwartz; Regulatory T Cells: Suppressor T Cells, Contrasuppressor T 
Cells, Level Il Suppression, Suppressor Factors, AMLR Induced Regulation & B 
Cell Paralysis. L. Chess, M: Greene: Viruses & the Immune Response; AIDS, 
HTLV, MVMi, Activation of Autoantibody Production by Viruses & EBV. R Gallo, 
M. Oldstone; Parasitic infections & the Immune Response: Schistosomiasis, 










Leishmania, Malaria. D. Sacks, D. Colley. 


NEURONAL CELL CULTURES {August 12-17) 

Chairman: Phillip Nelson, National Institutes of Health 

Vice-chairman: Darwin Berg, University of California i 
Growth Cones & Cell Interactions. K. Pfenninger, G. Edelman; Molecular Genet- 
ics. W. Hahn, }, Sutcliffe, |. Merlie Factors-A. H. Thoenen, P Patterson, $. Varon; 
Factors-B. D. Brenneman, W. Matthews: Synapse Formation —- Receptors. i. — 
Sanes, J. McMahan; Synapse Formation — Transmitters. E. Furshpan, T, Jessel; 
lon Channels. |. Talvenheimo; R. Aldrich: Electrical Activity ~ Circuit Behavior. 
L. Cohen, G. Gross, A. Grinvald; Cell Separation — Cell Markers. M. Raff, D. 
Trissler. i P 
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| Where next on Strate 





sic arms: E 


The nuclear powers should start worrying about next year’s review conference of the 
Non-Proliferation Treaty. The other members will expect much of them. 


THE nuclear powers will be in a serious jam this time next year. 
Then, they will no longer be able to put at the backs of their minds 
the knowledge that the third review conference of the Non- 
Proliferation Treaty (NPT) will be just a few months ahead. They 
© will instead be haunted by bad memories of how the last 
conference broke up in August 1980 with the non-nuclear 
signatories of the treaty hurling recriminations at the Soviet 
Union, the United Kingdom and the United States (China and 
France do not even belong) for their failure to make progress 
towards the control of strategic arms. Heaven forbid another 
rough-house will be the cry a year from now. But in reality, in 1980 
the nuclear powers had quite a lot to say. Since the previous 
conference in 1975, they had negotiated agreements to restrict the 
wuse of nuclear weapons for peaceful purposes and, more 
e , important, the complex of agreements known collectively as Salt 
“II which restrict the numbers of strategic weapons the Soviet 
Union and the United States may deploy. True, neither agreement 
had been ratified by the governments concerned in 1980 (and 
neither has been even now), but surely, it must have seemed safe to 
argue, the fact that the agreements have been signed must be 
evidence of ‘‘good faith’’, the spirit in which NPT requires the 
superpowers to negotiate? In the event, that argument cut no ice. 
The nuclear powers were sent away with as clear a warning as they 
could have had that NPT could collapse if nothing happened on 
the control of strategic nuclear weapons. So, this time next year, 
the nuclear powers will be woefully aware that in 1985 they will 
have even less to say than in 1980. 

What has gone wrong? The Reagan Administration was slow to 
square its electoral rhetoric with its treaty obligations to negotiate 
on strategic arms, but eventually two parallel sets of talks were 
begun in 1982, on European missiles and on strategic missiles, 
both at Geneva. The first set of talks (called INF for Intermediate 

x uclear Forces) broke down last November, when the Soviet 

Jegates walked out of the Geneva negotiations in protest at the 
deployment of cruise and Pershing II missiles in Western Europe. 
Against expectations, the strategic talks (called START for 
Strategic Arms Reduction Talks) ran their planned course, but Mr 
Konstantin Chernenko, the new Soviet leader, keeps saying (most 
recently last weekend) that the talks are now suspended until 
cruise and Pershing missiles are removed from Europe. Since the 
impasse that has arisen will certainly persist until after the 
November election in the United States, but since both the nuclear 

- superpowers want NPT to survive, there is a chance that this time 
next year they will have a common cause in putting together some 
tale they can tell the other members. 





Solutions 
What can they say or, better, do? Each will wish to persuade the 
,on-nuclear NPT members that the other is to blame. That 
‘temptation should be resisted not only because mass defections 
‘from NPT will be no more tolerable if one or the other is thought 
to be responsible but also because the apportionment of blame 
conceals an important stumbling block to agreement on both INF 
and START. Long before the collapse of INF, the Soviet Union 
had argued that the British and French nuclear forces should be 
counted i in the European balance of forces. 
The point has some force. While the British and French 






Governments have built their nuclear forces for reasons which are | 


to them strategic — ultimately to provide an element of deneivénce ža 


against threats to national survival — the missiles could also be 
aimed at targets within 1,000 km of the East-West German. 
border exactly as if they were SS20s or Pershing lis. The same 
difficulty has arisen previously, and it is now said that the British 


and French forces are tacitly allowed for in the Salt II treaty by 


means of the less stringent numerical limits with which Soviet. 
missile forces must comply, What seems not to have been 
appreciated, during the long months at Geneva, is that the S820- 
missiles are in some respects exactly comparable with the British 
and French nuclear forces. Although apparently designed for use. 
against military targets such as troop concentrations, there is. 
nothing to prevent their use against cities in Western Europe (and, 


because they are mobile, in the Far East). So the SS20s are both 


squarely within the ambit of INF and, because they supplement 


other Soviet strategic forces, also part of the START. 
negotiations. The declaration by the North Atlantic Treaty — 
Organization (NATO) in December 1979 that the appearance of 
SS20s within range of Western Europe would be met by the. 
installation of Pershing II and cruise missiles could well havegone - 
further and have protested that the appearance of the SS20s on 
the European scene was a breach of the Salt I agreement. 


Pitfalls 


The only moral in this sorry tale is that nuclear arms control is 
indivisible. If the two. superpowers agree about some narrow 
aspect of the problem, the consequence will be a tendency for 
nuclear arms to pop up in greater numbers elsewhere, as they have 
now done in Europe, East and West. The case for separate talks at 
Geneva (while they lasted) was that the hope of winning 
agreement must be greater on a more restricted front. What 
should now be recognized is that such ambitions are certain to be 
fruitless. Whichever side is to blame for what has happened, there 


is everything to be said for mounting the next set of talks ina wider 


framework that will take account of unambiguously strategic 
superpower missiles as well as those held by the British and the 
French and otherwise sited in Europe. : 


But of what value is this conclusion if the two nuclear super- 
powers will not talk to each other? Fortunately, the hard work. ` 


that needs to be done against this 1 me next year does not require es 


` that there should be formal negotiations under way at some. 
central location on neutral ground, The standard form on those 

occasions, anyway, is that people meet for a couple of hours twice | 
a week. No purpose other than symbolic would be served by | 

engaging senior public servants in a continuation of this charade 


until there is something for them to get their teeth into, A general J : 
understanding in Western Europe and North America that the 


nuclear problem is all of a piece would be a good beginning, and 7 
. need not wait for the US presidential election in November. There 
is even, of course, a possibility that a different basis for some 


future set of talks might simplify the task of persuading the Soviet _ 


Union to talk again about the need for an agreement. Since the — | 


prospect of an agreement on a comprehensive test-ban, never 


_bright, will be slim at least until the future of major missile 
_ systems in the United States has been decided, thisisthebesthope | 
that the superpowers have of avoiding another drubbing in 1985. 
Isitre 


sly necessary to wait another year before waking up to what — . 
will then: seem an urgent truth? | ee 





574 


New private monopoly | 


The British Government is turning its public 


f telephone monopoly into a private ogre. 


THE British Government has landed itself in a serious conflict of 
interest. For more than two years, the government has been 
fighting through the British Parliament a bili to sell off British 
Telecom, the public monopoly that now provides telephone 


= services in Britain. The government’s motives are mostly 


laudable. It reckons that a telephone. service which is a public 
company mostly owned by private individuals would be bound to 
conduct its affairs efficiently, returning a good profit in the 
ordinary way to its shareholders. That is true. So is the belief that 
the general public interest will be served by circumscribing the 
long-standing and much-used right of the public monopoly to be 
the sole supplier of the terminal equipment for all rented 
telephone lines. Some moves have already been made in that 
direction, and more are promised. But the British Government is 
also anxious that the sale of shares in British Telecom, due to take 
place within a year, should be a success in the commercial sense. 
The Chancellor of the Exchequer is counting on the proceeds to 
help reduce the government’s need to borrow money from the 
financial markets in the years ahead, perhaps to the tune of £4,000 
million. The trouble is that the last objective, prudent though it is, 
sharply conflicts with the objective that the market for the supply 
of telecommunications services should be genuinely competitive. 

The strains are already shockingly apparent. For the past two 
years, British Telecom has been working a transitional 
arrangement for administering the approval of terminal 
equipment other than its own that may be connected to the public 
network. Technically, suppliers of alternative equipment have 
been required to submit items of equipment for approval to the 
Department of Trade and Industry, the government department 
in charge of telecommunications, which has then taken technical 
advice from none other than British Telecom, the organization 
most directly damaged by alternative sources of supply. Is it any 
wonder that approvals for alternative pieces of terminal 
equipment have been slow to trickle through? Or that alternative 
terminal equipment for which approval was withheld should have 
turned up among the items offered for sale by newly go-go British 
Telecom? (One such item is British Telecom’s ‘‘Fasa-Phone’’, 
essentially a National Panasonic product for whose independent 
sale a private company failed to get permission more than a year 
ago.) 

Now the regime has changed, in that the British Standards 
Institution has published a complicated set of standard speci- 
fications for terminal equipment, and the business of licensing has 
been hived off to a nominally independent board, while under the 
new legislation there will be a new kind of regulatory body (called 
“Oftel’) to supervise the public monopoly when it goes private. 
The obvious snag is that Oftel’s powers to control British Telecom 
when it has become a private company and a majority of its shares 
sold to private persons will be puny in comparison with those 


` thought necessary elsewhere, in the United States for example. 
Thus while British Telecom is exhorted by its draft operating 


licence not to use the revenues from one service to subsidize 
another, innocence or guilt in this respect will be harder to 
establish when British Telecom is a private entity. No wonder that 


-even Lord Weinstock, chairman of the General Electric Company 


(not to be mistaken for GE of the United States) and until recently 


the British Government’s favourite industrialist, has been saying 


that the new legislation is simply a way of replacing a public by a 


‘private monopoly. 


The government’s dilemma is that it will not get the whole of its 


ee .. £4,000 million for the sale of shares if it allows British Telecom to 


be exposed to the full force of commercial competition for 


. terminal equipment — not just handset and answering machines, 


but branch exchanges, computer equipment and the like. The 


> calculation is probably correct but is also shortsighted. In the last 
~~ complete financial year (to March 1983) the telephone system had 





ea revenues of £6,414, out of which it financed two-thirds of its 






‘make a handsome profit and at the same time provide. the 





* 


| capital development and yet managed to turn in a profit of nearly — OS 


£1,000 million. (In the year just ended, the profits will be less | 
because the nascent company is taking every chance to write off 
capital assets in advance of going public.) The business about to 
be sold to the public, in other words, is immensely profitable in 
commercial terms, charging so much for its services that itè 


resources that will earn still larger profits in the future. It-is in 
retrospect ironical that this practice has been forced on British 
Telecom by the British Government’s past insistence that the 
telephone services should not add to its borrowing requirement, 
but as a consequence the shares soon to be sold will be among the 
best bargains the stock exchanges have seen for many years, 
making gentle nonsense of the government's promise that Oftel 
will not allow charges to increase as quickly as inflation for the 
next five years. But if, as seems possible, as much as a third of 
British Telecom’s revenue may represent money that could be 
raised in other ways (by borrowing or raising further equity), it 
cannot be sensible that the Chancellor of the Exchequer should 
institutionalize a monopoly on such a scale for the sake of being 
able to sell a half-share in it for £4,000 million. g 
me me 


Bad news for Unesco 


The British shot across Unesco’s bows is more 


direct than the earlier US threat to withdraw. y 
MR Timothy Raison, Minister of State at the British Overseas 
Development Administration, writes a better letter than Mr 
George Shultz, US Secretary of State. That is one conclusion to be 
drawn from a comparison of the letters the two politicians have 
been sending to Mr Amadou-Mahtar M’ Bow, the director general 
of the United Nations Educational, Scientific and Cultural 
Organization (Unesco). Mr Shultz’s letter last December 
announcing the still-intended withdrawal of the United States, - 
went out of its way to say that the United States had ‘‘no 
complaint’? about the director-general’s administration of 
Unesco — and in the process made the proposed withdrawal less 
easily intelligible, and cast down the spirits of those working for 
the organization, many of whom consider that their employer is in 

a muddle, intellectual and administrative. Mr Raison’s letter, 
earlier this month, should help the people in Paris know more 
clearly where they stand. 

The British Government says that it welcomes the enlargement 
of Unesco’s membership and the consequently increased 
attention being paid to the needs of developing countries, but that. 
it has “felt unease’? about the political aspects of certaigt 
programmes and that ‘‘above all” it fears that Unesco’s 
programmes do not provide value for money. The letter goes on to 
say that the British Government will decide before the year is out 
whether to withdraw, looking for “‘significant indications of 
change’ before then. The letter is accompanied by a list of what 
the British Government thinks should be done both to 
concentrate Unesco’s programme on what it does well — or 
passably well — and to spend its resources more fruitfully. 

Style apart, neither letter will be ignored. Unesco’s willingness 
to open its books to the visiting audit from the United States (now 
in Paris) is one sign of that. The British letter, by being more 
specific, may be resented for appearing prescriptive but the points - 
it makes are too cogent to be shuffled off, but are in any case 
backed up by the threat of a withdrawal. What neither letter says, 
however, is how Mr M’Bow should set about rescuing the agenc: 
of which he is the head from eventual collapse. Unesco is a’ 
potentially valuable organization, not merely because of the kinds 
of things is might do but because there are political circumstances 
(in India, or Yugoslavia, for example) where Unesco aid is more 
acceptable than bilateral aid. It is run down because it has been 
badly administered, because it pretends to be an expert body when 
it is not and, strangely, because it is desperately short of good 
ideas. If Mr M’Bow wants to save Unesco (or merely his present 
job), he should bend his energy to creating an imaginative role for 
an organization that has become dull. Or he should quit. nE 
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Japanese budget 






Tokyo 
SCIENCE, particularly basic science, madea 
few small gains even from Japan’s most 
stringent budget for almost thirty years. 
After a long battle against the opposition 
parties in the Diet, with the April budget 
deadline looming ever closer, the govern- 
ment has finally won agreement for a 0.5 
per cent cut in public expenditure during 
fiscal year 1984-85. Even so, the govern- 
ment will still be short of cash, and will 
have to issue bonds worth around Y2 x 103 
($8 x 10'°) to cover expenditure, adding to 
the Y10'* of public debt already incurred. 
Expenditure increases have been granted 
in only a few areas: defence (plus 5-6 per 
cent), overseas development aid (plus 6 per 
cent) and science and technology (plus 0.7 


| «Per cent). None of the big three science and 





'“'téchnology bodies shown in the table — the 
“Science and Technology Agency (STA), 
the Ministry of Education, Culture and 
Science (MESC) and the Ministry of Inter- 
national Trade and Industry (MITI) — has 
gained much in total, but all have managed 
to protect their basic research programmes. 

The biggest increase of all is for the new 
projects in areas related to computers and 
the life sciences. MITI’s fifth generation 
computer project, the plan to build an 
_ “intelligent” computer which has sent 
< Western governments scrambling to 
support artificial intelligence research, 
receives an 88 per cent budget increase. 
Close behind comes a 43 per cent increase, 
within MITI’s large-scale industrial 
technologies programme, for research 
towards building the world’s most power- 
7! supercomputer. The goal-is a machine 
“capable of 10,000 million floating point 
operations per second, with applications in 
areas such as weather forecasting and the 
design of nuclear warheads. 

All ministries, including the Ministry of 
Agriculture, Forestry and Fisheries and the 
Ministry of Health and Welfare (MHW), 
have increased expenditure in the life 
sciences, concentrating on biotechnology 
and cancer research. Precise budget in- 
creases are hard to calculate, for Prime 
Minister Nakasone’s approval in June last 
year of a comprehensive ‘‘ten-year strategy 
for cancer control” has led to a recategoriz- 
ation of some funds for life science research. 
“© There is little doubt, however, that total 

“expenditure on fundamental research into 
molecular biology and the treatment of 
cancer is growing now that each ministry 
has established special ‘‘anticancer’’ funds 
(MHW Y1,600 million, MESC Y1,200 
million, STA Y7,700 million, STA 
Radiological Institute Y400 million) as well 
as supporting cancer-related research in 
their general budgets. Research is being 















NEWS 


Science benefits despite 
uts elsewhere 


coordinated under seven main themes: 


oncogenesis, carcinogenesis, early 


diagnosis, chemotherapy, radiotherapy 
and immuno-modulation and the use of 
monoclonal antibodies. 

The budgets of the various agencies of 
the Japanese Government are as follows: 

Science and Technology Agency. The 
budget for ‘‘special promotion funds’’, the 
interministerial grants for basic research 
thought vital to Japan’s long-term pros- 
perity which are given out directly by the 
prime minister’s own advisory council, is 
further increased. Priorities are now re- 
combinant DNA research, the develop- 
ment of new materials and cryogenic tech- 








Japanese science budget 
Percentage 
Science and Y(thousand increase or 
Technology Agency million) decrease 
Total science-related 
budget 408.1 + 2.4 
Special promotion 
funds 6.4 + 2.4 
ERATO aK + 3.9 
Nuclear energy 210.2 ~ 0.7 
NASDA 85.9 
Cancer campaign LT 
RIKEN 9.6 + 13.0 
Disaster prevention 2.1 ~ 53 
Expo '85 26.7 + 4.6 
Ministry of Education, 
Culture and Science 
Total science-related 
budget 282.9 + 0.2 
Grants-in-aid 40,8 + 2.4 
Research institute 
grants 100.4 + 2.0 
Special grants for 
large-scale facilities 22.7 +13.0 
Ministry of International 
Trade and Industry 
Total science-related 
budget 232.7 + 3.4 
Basic technologies 
for future industries 6.0 + 1,7 
Large-scale industrial 
technologies H.i ~30.0 
Sunshine project 39.8 = §.2 
Moonlight project 9.6 + 1.0 
Fifth-generation 
computer project 5.1 + 88.0 








nologies. But there is also an increase for 
Project ERATO which, by its support for 
work by small interdisciplinary groups on 
novel and sometimes eccentric themes, sets 


_ out deliberately to stimulate creativity. 


The budget for research at STA’s two 
massive nuclear energy institutes, the 
Power Reactor and Nuclear Fuel Develop- 
ment Corporation and the Japan Atomic 
Energy Research Institute, is slightly down 
but the figures conceal a large increase (33 
per cent) for Project Monju — the building 
of a prototype 300 MW fast-breeder 
reactor by the late 1980s. 

Expenditure on the commercial space 
programme by the National Space 





‘flexible manufacturing systems to cot 







Development Agency (NASDA) remains __ 
static although big increases are likely next 
year as the plan to build the H2 rocket, 










capable of putting 2 

bit, gets under wa 

1984), ee a gt - 
For the secon ng, a big chunk 

of STA’s b ved by prepar- 


ations for I 


Position on 


‘Science and 






of a heavy ion accelerator. he ae 

Ministry of Education, Culture and — 
Science. Grants to research institutes and 
grants in aid of research both increase alit- 
tle but there is a bigger increase in ‘special _ 
funds” for large-scale facilities. Much of —__ 
the extra will go to the High-Energy 
Physics Laboratory (KEK) for the 30-GeV. 
per beam electron-positron collider 
(TRISTAN) at Tsukuba Science City. The 
project is on target, with the first results 
still expected in autumn 1986. ree 

Also blessed among MESC’s research ee 
laboratories are the National Institute of og 
Genetics, which acquires the coveted status ue 
of a National Research Institute for Joint = 
Use by Universities (see Nature 305, 372; G 
1981); the Institute for Space and Aero- > 
nautic Science which receives a 10-15 per eo 
cent budget increase, mostly earmarked for 
the launch of the Halley’s comet probe, “ous 
Planet-A; the University of Tokyo’sAstro- 
nomical Observatory, which gains further 
investment in the Nobeyama millimetre- a 
wave telescope; Kyoto University’s In- oe 
stitute for Mathematical Sciences, wherea 
new section of algebraic analysis is to beset. 
up; and Osaka University’s Microbio- 
logical Institute, which adds a section to 
study the molecular biology of cancer, 

Ministry of International Trade and In- 
dustry. The ministry’s “Basic Technos-  - 
logies for Future Industries” programme, 
made up of long-term research projects on 
biotechnology, new materials and new. 
electronic devices, continues to be fully 
supported, giving credence to the avowed. 
aim not to cut back on fundamental 
research even when funds are tight. Some 
of the more conventional programmes, the 
Sunlight programme for the developmen 
of new energy sources and the Moo igh: 
programme for energy conservation, havi 
done less well. Within the Large-Scale In 
dustrial Technologies programme, which 
covers nine projects ranging from robot 



















puterized sewing systems, only the su 
computer project and the “robots fo 
treme environments” projects will 
budget increases. Alun Anders: 


Washington 
PRESIDENT Reagan has decided against 
_ renewing talks with the Soviet Union on a 


treaty to ban weapons for destroying 
satellites in space. In a report to Congress 


last week, he said he could not foresee a 
new arms control treaty for space that 
would serve the interests of the United 
States and its allies. And he made it plain 
that the administration wants to press 
ahead with tests in space of a controversial 
new anti-satellite (ASAT) weapon to deter 
the Soviet Union from using its own more 
primitive system. 

But the president announced last week 
that the United States would submit to the 
UN Committee on Disarmament a draft 
treaty to ban the production, possession 
and use of chemical weapons. 

The president issued the report on 
satellite weapons in order to release $19 
million for procurement of the weapon, a 
homing interceptor launched from beneath 
the wing of an F-15 fighter (see below). 
Congress voted the money last year, but 
put it-aside pending a report on plans for 
negotiating a treaty with the Soviet Union 
to ban or limit existing and future ASAT 
systems. Weapons of mass destruction in 
space are prohibited by the outer space 
treaty of 1967, which does not, however, 
constrain the development of weapons 
designed to destroy satellites. 

Technically, publication of the report 
leaves the administration free to spend the 
money, even though it has decided against 
formal negotiations for the time being. The 
US Air Force has already tested the new 
weapon within the atmosphere, but tests 
against targets in space are prohibited by 
the terms of a Senate stipulation last year 
that the president must first certify that he 
is trying ‘‘in good faith” to negotiate a ban 
and that tests are vital to national security. 

Last week’s report is nevertheless full of 
arguments against a comprehensive ASAT 
ban. It says it would be hard precisely to 
define anti-satellite weapons and virtually 
impossible to prevent cheating. It says the 
United States may need an ASAT system in 
war to shoot down Soviet ocean 
reconaissance satellites, and that it would 
be ‘destabilizing’. to. leave the Soviet 
Union in possession of the only operational 
ASAT; should the Soviet Union shoot 
down a US satellite during ‘a crisis, the 
United States, unable to respond in kind, 
might be forced to escalate instead. 

The report has disappointed many in 
Congress who fear that: deployment of the 
US ASAT will pose such severe verification 
problems that a future ban on such weapons 
will be impossible to negotiate. 

- In 1981 and 1983, the Soviet Union sub- 
mitted draft ‘treaties to the United Nations 
banning the use of force in space, and has 
announced a unilateral moratorium on the 
| launching of any kind of ASAT weapon. 










Reagan backs tests in space 


These initiatives are dismissed by the- 


administration as an effort to prevent 
development of the US weapon. The report 
claims that Soviet ASAT capabilities in- 
clude an operational orbital interceptor 
system, ground-based test lasers with 
““‘probable’’ ASAT potential, the ability to 
disrupt satellite transmissions electronical- 
ly and, possibly, to destroy satellites using 
nuclear armed Galosh anti-ballistic missile 
interceptors. 

Recognizing the strength of congres- 
sional sentiment against an arms race in 
space, the report says the United States is 
prepared to discuss ‘ta broad range” of 
space arms control issues in the Committee 
on Disarmament in Geneva. The ad- 
ministration might also consider 
negotiating something less comprehensive, 
such as a ban on weapons that could reach 
the high altitude satellites that provide ear- 
ly warning of nuclear attack. That may not 
be enough for Congress, however. Senator 
Paul Tsongas (Democrat, Massachussetts) 
is to force an early debate of a resolution 
calling for a general ban on weapons in space 
and on weapons designed to destroy objects 
in space. Peter David 
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Research : secrecy 


Universities in 


scrap with DoD, 


Washington 





| RELATIONS between US research univer- 


sities and the Department of Defense 


(DoD) are continuing to deteriorate. 


Cornell University has turned down a 
$450,000 electrical engineering research 
contract from the US Air Force because it 
would have imposed an unacceptable 
degree of secrecy. Meanwhile, the presi- 
dents of Massachusetts Institute of 
Technology, the California Institute of 
Technology and Stanford University have 
confirmed that they have written to DoD 
and to the White House science office 
saying they cannot accept the publication 
restrictions proposed in a new DoD 
directive, DODD 2040.2 (see Nature 29 
March, p.389). 

Cornell’s decision came after months of 
negotiation with the project sponsor, the . 
Wright Patterson Air Force Base in Ohio, x 
Dr Robert Barker, the university’s vice- | 
president for research, said the Air Force 
withdrew the contract when Cornell 
refused to promise to seek prior permission 
from the Air Force before any technical 





Soviet and US approaches to ASAT 


THE Soviet ASAT weapon is an explosive 
satellite placed in a low-Earth orbit by a 
modified version of the SS-9 intercontinen- 
tal ballistic missile. When the satellite ap- 
proaches its target a small explosive device 
is detonated, destroying the target with 
shrapnel. 

The US weapon, not yet tested against a 
target in space, consists of a non-explosive 
miniature homing vehicle (MHYV) designed 
to destroy its target by impact. The MHV is 
launched by a small two-stage rocket fired 
from beneath the wing of a modified F-15 
aircraft. An inertial guidance system guides 
the device to the appropriate location in 
space, after which the MHV separates from 
the rocket and closes on the target by means 
of infrared sensors. 


Critics of the US programme complain. 


that, unlike its unwieldy Soviet counter- 


part, the compact weapon would confound | 


attempts to verify 2 treaty banning ASATs. 
The Soviet weapon, by contrast, would 
have to be launched from a limited number 
of launch-pads by large and easily- 
identified boosters. The Soviet system is 
believed to have been tested 20 times, most 
recently in 1982. Six tests of a later version 
of the weapon, designed to home in on heat 
emitted by its target, are all believed to have 
failed. — 

The Reagan Administration argues that 
the Soviet weapon poses verification pro- 


blems of its own. Although the SS-9 is large, 


the satellite interceptor is small. A covert 


supply could be. maintained even if the | | 


States. But US satellites last about five 


Soviet Union claimed that it had dismantled 
existing weapons. And it would not take 
long for the Soviet Union to divert missiles 
from other tasks to launch the interceptors 
into orbit. Another problem is that many 
space technologies not specifically designed 
to destroy satellites could do so. 
"Gee, Constantin—why didn't 
we think of this before?" 





weapons. The Soviet Union launches more 
than 100 civil and military satellites a year, 
about five times as many as the United 


times as long, leaving each side with about _ 
100 active military or military-related 7 
satellites in orbit at any time. But the most 
critical satellites, those that would be used 
for early warning and control in a nuclear 
war, tend to be in geosynchronous orbit 
beyond the reach of the present generation _ 
of ASATs. The maximum altitude of both — 
the US and Soviet ASATs i is believed to be 
less than 1,500 miles. Peter David 
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data generated by the three-year project 
were communicated to foreign nationals. 
Cornell had already agreed to let the Air 
Force vet foreign nationals recruited 
_ directly for the project. But the university 
Maid that since “‘secret research’? was 
banned at Cornell, it would be impossible 
_ to keep foreign nationals out of the project 
laboratory or to curtail normal scientific 
conversation within the department of 
electrical engineering. Last year, thirteen 
foreign scientists were employed in the 
department. l 

`. Fhe universities hope the Cornell 
incident and the letter from university 
presidents will convince DoD that 
universities are in earnest when they say 
they would sooner drop defence 
department contracts than accept an 
abridgement of their right to publish. 
When university spokesmen first raised the 
threat, at a meeting last month of a sub- 
panel of the DoD-University Forum, Dr 
Edith Martin, the department’s Under- 
Secretary for Research, implied that they 
were bluffing. 

Although her comment could sour the 
_Jatmosphere at the next full meeting of the 
forum later this month, the universities are 
anxious to find some form of compromise 
with DoD. After the collapse of the Cornell 
contract, for example, Dr Barker travelled 
to Washington for extensive talks with Dr 
Leo Young, director of research and 
laboratory management at the Pentagon. 
He explained that Cornell and other 
universities had difficulty in understanding 
how DoD’s category of ‘sensitive’? 
research differed from classified research 
— which many universities refuse to 
undertake. 

In a related issue, the research 
community has responded critically to new 
draft regulations setting out the 
circumstances in which the Secretary of 
Defense can refuse to divulge technical 
Mita requested under the Freedom of 
“Information Act. The draft regulations, 
contained in a DoD directive, DODD 
5400.XX, would allow DoD to withhold 
from the public technical data with military 
or space applications that could not be 
exported outside the United States without 
approval under the Export Administration 
Act or the Arms Export Control Act. 

The regulations have been -sharply 
criticized by the National Science 
Foundation (NSF), the American 
Association for the Advancement of 
Science (AAAS) and the Association of 
American Universities (AAU). In a letter to 
oD, Mr William Carey, executive officer 
-Of AAAS, says that by setting out controls 
for unclassified technical data, the 
regulations appear to prohibit normal 
professional communication between 
scientists working on DoD-sponsored 
projects and their colleagues in other 
fields. Dr Robert Rosensweig, president of 
AAU, has asked DoD to exclude university 
research from the rules altogether. 

p Peter David 
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UK civil service science 


Careers congeal on cuts 


CAREER prospects for the mainstream 
scientists in the British Civil Service have 
been seriously affected by manpower 
restrictions, according to a draft study 
carried out by the Institution of Pro- 


fessional Civil Servants. Although young - 


‘high fliers” are still being recognized and 
given rapid promotion, most scientists in 
all grades now face a “‘substantially 
longer” wait for promotion than in 1978. 

In the past five years, there has been an 
overall reduction of 11 per cent in the levels 
of staffing for the main grades and of more 
than 20 per cent in junior grades. The 
study, produced by a working group 
examining the effects of the cuts, concludes 
that the reductions of up to 75 per cent in 
the recruitment of lower grade staff will 
create serious management problems in the 
future. But the rate of loss from the service 
has also decreased, so the rate of 
promotion on the typical route through the 
civil sevice grades has markedly declined. 
Things may not be so bad for all young 
graduates recruited into the service, 
however, some of whom can still expect to 
become Senior Principal Scientific Officers 
by the age of 33, with a salary of £15,600~ 
£20,800 per year. 

Mr Bill Brett, assistant general secretary 


of the institution, says the fundamental. 


Plant conservation 








problems of manpower structure will 
damage both the sciences and the civil 
service. Many scientists employed by the 
research councils are on a similar grade 
system and have been similarly affected by 
restrictions on manpower and, conse- 


quently, on recruitment. 


The figures analysed in the latest study. 
may conceal large differences between 
government departments, an issue- the 
working party sought to investigate. 
Attempts to do so “‘have been thwarted by 
the Treasury’s refusal to provide depart- 
mental information’’. 

The institution represents 15,500 scien- 
tific civil servants and 9,000 scientists 
employed by the research councils. It has 
been active in opposing the planned closure 
of the Letcombe Laboratory in Oxford- 
shire as part of the current reorganization 
of the Agricultural and Food Research 
Council. According to Mr Brett, 
promotion prospects for those that stay in. 
the council are certain to be badly affected, 
and about 600 jobs are now expected to be 
lost. The institution will now be consider- 
ing a major campaign designed to influence 
the annual forward planning exercise 
carried out by the research councils and 
used as a basis for settling the share-out of 
the science budget. Tim Beardsley 


Rescue plans afoot 


TEN per cent of the world’s flora — 25,000 
of 250,000 taxa — are in danger of extinc- 
tion, according to the World Wildlife Fund 
and the International Union for the Con- 
servation of Nature and Natural Resources 
(IUCN). Under the chairmanship of the 
Duke of Edinburgh, the two organizations 
last month launched a campaign to en- 
courage worldwide plant conservation. 
Funds raised by the World Wildlife Fund 
will be allocated on the basis of a list of 
priorities drawn up by IUCN. Apart froma 
range of in situ conservation activities, for 
example in the Pleistocene refuge areas of 


_ the Cameroon forests, at Korup in India 
and on the Andaman and Nicobar Islands, 


the campaign’s aim is to create a 
framework for concerted action and to in- 
volve other national and international 
Organizations. | 
Information is central to this plan. The 
IUCN conservation monitoring centre at 
the Royal Botanical Gardens at Kew in 
London, which already holds details of 
13,000-14,000 species of endangered 
plants, has also set up an additional data- 
base (SEPASAT), with help from the 
overseas charity Oxfam, to store informa- 
tion on economically useful plants from 
arid areas. There is talk of incorporating 
data held at the International Board for 
Plant Genetic Resources (see Nature 8 


March, p.105) into the computer at Kew. 
Having surveyed the activities of inter- 
national organizations as they affect plant 
conservation, IUCN hopes to involve as 
many as possible in in situ conservation, 
for example the World Health Organiza- 
tion for medicinal plants. It will also pro- 
mote ex situ conservation by widening the 
scope of the Botanic Gardens Conserva- 
tion Co-ordinating Body. A micro- 
propagation unit at Kew is successfully res- 
cuing casualties, in particular orchids and — 
ferns. There is still a need for worldwide 
collaboration to monitor and coordinate — 
garden collections. . 
Because perhaps 40 per cent of the 
world’s pharmaceuticals come from wild _ 
plant sources, the Food and Agricultural 


_ Organization has been pooling knowledge 


on the medicinal properties of trees in 
selected developing countries. The United 
National Industrial Development 
Organization is considering placing small 
plant-based pharmaceutical industries in 
developing countries. 

A major problem of conservation is law 
enforcement, and an investigation is being 
carried out of the international trade in 
threatened plants and to assess the ability 
of enforcement agencies in different coun- 
tries to implement plant trade controls, 


Sarah Tooze 
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British universities 





Protests over proposed changes 


BRITISH universities last week attacked 
government policy on higher education in 
the strongest terms they have yet dared to 
use. The Committee of Vice-Chancellors 
and Principals (CVCP) accuses the Depart- 
ment of Education and Science of ‘‘gravely 
underestimating’’ future demand for uni- 
versity education, while the government 
‘sis as a matter of deliberate policy 
providing for fewer places than would be 
reasonable even on the basis of its own pro- 
jections’’. The committee dismisses the 
government’s declared wish for a further 
shift toward scientific and technological 
subjects as representing ‘‘a view of society 
which we cannot accept”. 

CVCP’s comments are made in its pub- 
lished response to the questionnaire circu- 


NIH grants 


lated to universities in November by the 
University Grants Commitee (UGC). The 
questionnaire asked a wide-ranging series 
of questions on the possible future 
development of higher education. But 
several universities have rebelled and 
refused to answer a question which asks 
them to consider the likely consequences of 
an annual reduction of 1 or 2 per cent in the 
level of financial provision per student. 
The University of Aberdeen says bluntly 
«we cannot usefully be willing accessories 
before the fact to our own mutilation and 
we decline to give a detailed response to 
these destructive hypotheses”, 

The questionnaire was circulated in 
response to a request from the Secretary of 
State for Education and Science, Sir Keith 


Indirect costs under attack again 


Washington 

INDIRECT costs continue to eat up an in- 
creasing share of the research budget at the 
National Institutes of Health (NIH). And 
according to a report from the General Ac- 
counting Office (GAO), the chief reason is 
the failure of NIH to audit the indirect cost 
rates claimed by universities receiving NIH 
grants. 

Indirect costs, a euphemism for over- 
heads, cover administration, depreciation 
on buildings, services such as libraries and 
other expenses incurred by the universities 
as a result of taking on federal research 
projects. Since 1966, when Congress lifted 
a restriction that had held indirect cost 
reimbursements to 20 per cent of direct 
research costs, the proportion of NIH 
money going to indirect costs has steadily 
climbed, reaching 43 per cent of direct costs 
in 1983. Some institutions have much 
higher rates; Harvard University, for ex- 
ample, charges indirect costs at 70 per cent 
of direct costs. 

According to GAO, from 1978 to 1983 
NIH audited the indirect cost claims of on- 
ly 47 of the 700 institutions receiving 
grants. Significantly, 40 of those audits 
(the others contained insufficient details to 
draw any conclusions) disallowed a total of 
$57.8 million in indirect costs. The 
unstated implication is that NIH could save 
hundreds of millions of dollars each year 
by closer scrutiny of the universities’ 
claims. GAO says that many requests for 
audits by the government’s contract 
negotiators went unanswered. 

NIH officials are said to blame rising in- 
direct costs on the universities’ adoption of 
“sophisticated cost allocation techniques 
which maximize the amount of allowable 
reimbursements”, but GAO finds that 
government negotiators in at least some 
cases allowed huge increases in indirect 
costs to pass unquestioned. Although 


negotiation with the universities in general 
brought about a reduction in the univer- 
sities’ claimed indirect costs, GAO in- 
vestigators could find no written explana- 
tion for the many large increases of the 
overload rate allowed. 

Departmental administration costs have 
been the hardest to control, as they are bas- 
ed on largely subjective “‘effort reporting” 
by faculty members — a declaration of 
time spent on research (direct costs), ad- 
ministration (indirect costs) and teaching 
(not reimbursable). Effort reporting has 
been decidedly unpopular with faculty 
members, who have complained that it is 
impossible to categorize their functions 
and that the exercise thus becomes mean- 
ingless. GAO agrees, but its report also 
notes that the government has virtually no 
way to verify the universities’ claims for 
departmental costs, which account for 35 
per cent of total indirect costs claimed by 
large universities. 

The GAO report is at least the twelfth in 
as many years to complain about rising in- 
direct costs. None has yet had the least ef- 
fect. An attempt two years ago by the 
Reagan Administration to impose an 
across-the-board 10 per cent reduction in 
indirect costs was laughed out of Congress, 
which apparently remains reluctant to cut 
any part of the NIH budget. 

One GAO recommendation that may, 
however, carry some weight — and which 
would not require congressional approval 
— is that NIH should in advance set depart- 
mental administration costs as fixed 
allowances. As things are, small institu- 
tions (those receiving less than $3 million in 
direct grants) can opt for such a fixed rate, 
set at 20 per cent of the salaries and ex- 
penses of deans and department heads. 
Last year, NIH negotiated a similar ar- 
rangement with Yale University. 

Stephen Budiansky 


Joseph, for a ‘‘free and wide-ranging’ 
debate. The vice-chancellors and principals 
are concerned that the debate has been 
undermined by the apparent removal of the 
prospect of level funding. Recently- | 
published government expenditure plans 
appear to provide for cash increases that 
will be well below the rate of inflation. The 
universities protest that they are now 
having to turn away well-qualified candi- 
dates in far greater numbers than just a few 
years ago, while expenditure per student 
has fallen by about 10 per cent in real terms 
in the past four years. 

CVCP believes that financial restrictions 
have hit research activity in the universities 
more badly than teaching. Many uni- 
versities are making strenuous efforts to 
attract money from industrial companies 
for applied research, so academics are 
devoting more of their increasingly scarce 
time to securing outside sources of finance. 
But universities remain opposed to any 
erosion of their cherished right to spend 
their grant as they wish, although there are 
differences of opinion among the vice- _ 
chancellors. a 

Most are opposed to any extension of 
‘‘earmarking’’ of components of recurrent 
grant for specific purposes. Several inde- 
pendent review bodies have suggested that 
by this means scientific research might be 
protected, but CVCP feels that only the 
universities themselves can provide the 
necessary flexibility of planning. Dr John 
Burnett, principal of the University of 
Edinburgh and a vice-chairman of the 
committee, says UGC “probably doesn’t 
have any idea’? how much individual uni- 
versities are spending on research, and that 
no central body could cope with the ad- 
ministration of research in all of Britain’s 
universities. 

CVCP proposes that universities should 
in future make a much more detailed input 
to UGC’s planning. Since the collapse.a. 
few years ago of the historical au 
quennial system for allocating recurrent 
grants there has been, according to Dr 
Burnett, a lack of dialogue between uni- 
versities and the grant-giving authority. By 
providing full information on how they 
would use their grant, Dr Burnett hopes, 
universities will be able to ensure a better 
distribution while retaining their 


independence. 


Most universities continue to support the 
principle that they should be f inanced from 
two separate sources, UGC for general 
support and the research councils for 
specific research. And they maintain that. 
there is sufficient diversity within th 
system to cater for all the demands imposed ' 
upon it. Not all universities support the 
continued existence of UGC, however. The 
University of Salford, which has earned 
much of its income from external consul- 
tancies since its grant support was 
dramatically reduced a few years ago, 
accuses UGC of being ‘‘intellectually 
partial, managerially weak and admini- ` 
stratively overstretched”. Tim Beardsley 













Soviet-Indian space mission 
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NEWS 


Going along for the ride 


THE visit of Squadron-Leader Rakesh 
‘ypharma to the Salyut-7 space station has 
"been widely acclaimed in the Soviet media 
“as marking a new phase in the programme 
of “‘international’’ flights: for the first time 
the visitor came from a non-aligned 
country, India. (Apart from the 
Frenchman Jean-Loup Chrétien, all guest 
cosmonauts have hitherto come from the 
Comecon bloc.) Public reaction in India 
has been predictably euphoric. The 








peers cosmonaut Rakesh Sharma (left) joins 

Soviet cosmonauts Yuri Malyshev (centre) and 
Gennady Strekalov. 
political importance of the event was high- 
lighted by Sharma’s conversation from 
space with the Indian Prime Minister, Mrs 
Indira Gandhi, in which he skilfully quoted 
the national poet Iqbal to imply that, from 
space, India looks “‘the best in all the 
world’’. 

In the long term, however, the relevance 
of the mission to India’s own space 
programme is problematic. For India’s 
space effort rests firmly on the two *‘legs’’ 
of remote sensing and telecommuni- 
wétions, and aims at eliminating its 

WE endene on foreign hardware as rapidly 
as possible. Media claims that the flight 
proves that India is a ‘‘technologically 
advanced” nation seem somewhat illog- 
ical. The launch of the indigenous Rohini 
satellite or the SRV launch vehicle can 
rightly be cited to substantiate suchaclaim. 
Guest cosmonauts to Salyut stations in the 
past, however, have included represent- 
atives of Mongolia, Vietnam and Cuba, 
which cannot yet claim an “advanced” 
level of technology. 

The mission’s greatest relevance to the 
routine Indian space programme lay in the 

“Terra’’ high resolution photographic 
Murvey of the Indian subcontinent, 
“including the Andaman and Nicobar 
Islands (where it was hoped to find indi- 
cations of oil, gas and mineral deposits) 
and of remote areas of the Himalayas and 

Karakoram. 

The materials science experiments, on 
the other hand, although said to be 

“‘dictated by the needs of the Indian 





economy”, centred on a standard feature | 









of previous joint missions, the production 
of alloys difficult or impossible to obtain 
under normal gravity. 

The most “Indian” note, from the 
Soviet point of view, was provided by the 


medical programme, which included yoga 


exercises performed by Sharma and which, 
it was hoped, might provide a means of 
alleviating the adverse effects of 
weightlessness on the locomotor system. 
(Moscow Radio was careful to point out 
that Sharma is not a yogi but an “ordinary 
person’, since Soviet ideology tends to be 


Biotechnology 


| Physiological and psychological changes | 










wary of the philosophical aspects of yoga.) ’ 
India also provided a portable ‘‘ve 

cardiograph’’ for monitoring the bi 
electric activity of the heart at rest. 
under gradually increasing physical load 
The Indian medical team also resumed 
line of research studied by the joint Polist 
Soviet mission of June 1978: the 





conditions of weightlessness. Since India 
has no regular space medicine programm 
and since no country has so farbeeninvited 
to send a second cosmonaut to the Salyut ` 
station, the results of these experiments, _ 
although helpful to spacefarers in general, __ 
are unlikely to benefit India directly, = 
VeraRich 


Low risks at a premium 


THE Sun Alliance insurance group and 
Reed Stenhouse UK Ltd are planning to 
launch ‘Biotech Protection” — claimed to 
be the first insurance package geared 
specifically to the needs of biotechnology 
laboratories. The policy includes all-risks 
cover On assets and earnings against cross- 
infection of cultures, contamination of 
premises and seizure or closure of premises 


by safety authorities. Legal liabilities to 


third parties for environmental pollution 
and innocent or fraudulent breach of con- 
fidential information can also be insured. 
According to Reed Stenhouse, market 
research has shown that many biotechno- 
logy laboratories are not adequately 
insured against the risks peculiar to their 
work. Celltech Ltd, the UK biotechnology 
company, refuses even to discuss its insur- 
ance protection. Others in the industry are 
surprised that seizure by civil authorities is 


an insurable risk. And there is some 
scepticism about whether theriskofbreach 
of confidential information could be asses- oS 
sed or a claim proved. | LE EE 
Mr Ken Davis of Reed Stenhouse is un- i 
deterred by such questions. His company — 
will provide full advice to its clients on 
safety and security issues, he says, and the 
company’s ‘‘loss engineers” will be able to 
assess the value of cell lines and evaluate 
dangerous practices. He denies that cover 
for disclosure of confidential information 
will encourage greater secrecy, because 
most companies already have good 
arrangements with their staff on such 
matters. But if the loss engineers were dis- 
satisfied then they would be able to make 
appropriate recommendations. The pack- 
age will be launched at the Biotech Europe ` 
exhibition, to be held in London during 
May. Tim Beardsley 
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Company Close Close Change 
high low previous 30 Mar. | 
month 

14 104% Biogen (Switzerland) 13 13 0 

2 Ph Bio-Logicals (Canada) 1% Ih + 
14% 10'% Bio-Response (USA) 10% 11 +% 
14 10% Cetus (USA) 1114 12'% +h 
10% 6's Collaborative Research (USA) 7%% 8'% + V2 
19% 14% Damon (USA) | 17% 18% +5 
2614 13 Enzo-Biochem (USA) 16% 174 +% 
10°% 6% Flow General (USA) T T'ha 7 
42% 31% Genentech (USA) 33% 36 +3% o 
10% 6 Genetic Systems (USA) 67 6% ~% 
17% 12% Genex (USA) 13 13% E a 
23 12% Hybritech (USA) 14% 13% “1M 
16% 11% Molecular Genetics (USA) 13% 14 +34 
15% 10% Monoclonal Antibodies (USA) 11 11% +% 
607% 45% Novo Industri A/S (Denmark) 521% 48 “hs -3h 
22% 16% Pharmacia (Sweden) 16% 187 


Closing prices are for the last Friday of the month. For over-the-counter stocks, bid priceis > 
quoted; for stocks on the American and New York exchanges, the transaction price. Nature's 
weighted index of biotechnology stocks stood at 169 on 30 March, compared with 163 amonth 


earlier. Data from E.F. Hutton, Inc. 






+2 '% 
















j ; + + : 

- Artful scientists 

Sir — In 1878, J.H. van’t Hoff (who 
became the first Nobel laureate in 
chemistry in 1901) read an inaugural 
lecture at the University of Amsterdam 
entitled ‘Imagination in Science’’. In that 
lecture, van’t Hoff suggested a correlation 
between scientific eminence and creativity 
in the fine arts and literature based upon a 
study of more than 200 scientific 
biographies. I am attempting to verify 
van’t Hoff’s thesis with regard to 

_ important scientists since 1800. Van’t Hoff 
himself was a poet, as were his colleagues 
Walther Nernst, Fritz Haber and Richard 
Willstatter. One can add to the list Ronald 
Ross, Julian Huxley, E.N. da C. Andrade 
and Jacob Bronowski. van’t Hoff’s friend 
Wilhelm Ostwald was a painter, as were 
Louis Pasteur, F.F. Runge, Ogden Rood, 
Ernst Haeckel, Theodor Boveri, Frederick 
Banting, Lord Adrian and C.G. Jung. 
C.H. Waddington wrote a history of 
twentieth century science~art interactions. 
Ernst Mach, Hermann von Helmholtz, 
James Jeans, Max Planck, Albert Einstein, 

- Woldemar Voigt and many others had an 
intense interest in music. J.B.S. Haldane, 
C.P. Snow and Leo Szilard wrote works of 
fiction. 

The problem is that all too often these 
nonscientific activities are not mentioned 
in obituaries or standard biographies since 
they are regarded as unimportant. The 
actual products (paintings, sculptures, 
manuscripts and so on) are even more 
difficult to locate. Yet to those interested in 
nonverbal thinking and scientific 
creativity, van’t Hoff’s hypothesis is an 
intriguing one that can only be studied in 
the light of the relevant non-scientific 
products of the scientist’s imagination. 
Further references to scientists of signifi- 
cant professional stature who were notably 
creative in other fields would be 
appreciated, as would descriptions of 
collections or sources of reproductions of 
creative artefacts. 

ROBERTS. ROOT-BERNSTEIN 
The Salk Institute, 
P.O. Box 85800, 
© San Diego, California 92138-9216, USA 











acords of major volcanic eruptions” by 
‘LaMarche and Hirschboeck (Nature 307, 
421-126; 1984) included the phrase ‘‘Re- 
<> cent development of proxy records of past 

eruptions. . .’? But what does this mean? 
Se. This use of “proxy” is unknown to the 
©. Oxford English Dictionary, and two US 
-colleagues I have consulted cannot tell me 
the precise meaning of the phrase “‘proxy 








a P.R. BELL 
Department of Botany 


- and Microbiology, 
University College London, 


Gower Street, London WCIE 6BT, UK 


Sır — The article ‘Frost rings in trees as _ 









A Homeric riddle solved . . . again 
white p» bruce + yellow ~ green purple and or 
+ red + and + brown + pink aad or 
black ~N yellow + grue ~ blue orange 


Sir — I note with interest the recently pre- 
ferred explanations of Homer’s ‘‘wine- 
dark sea’’. The field of anthropological 
linguistics provides another, more elegant 
solution. 

All languages possess between two and 
eleven basic colour terms, that is, colours 
that cannot be described as ‘‘shades’’ of 
other colours'. They enter a language in a 
fixed order”, as shown above, where 
“srue’’ covers both the green and blue 
areas of the spectrum. ‘‘Grey’’ can enter at 
any time after the first five. 

As English has all eleven basic colour 
terms, we find it difficult to cope with 





systems such as Homeric Greek, which 
divides the spectrum into only four parts, 
the equivalents of ‘white’, “black”, 
ured” and ‘‘yellow’’’, and the related 
adjectives cover a correspondingly wide 
spectral band. (Compare Old Irish ffon 
dubh “black wine” and glas-muir grue 
sea” within a five-colour system.) 
HEIDI ANN LAZAR-MEYN 

9321 Cedar Lane, 
Bethesda, Maryland 20814, USA 
l. Berlin, B. & Kay, P. Basie Color Terms (University of 

California Press, Berkeley, 1969). 
2, Kay, P. Language 4, 237-270 (£975). 


3. Capeli, A. Studies in Sociolinguistics (Mouton, The Hague, 
1966}. 
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Sir — Homer’s seas were not always 
‘‘wine-dark’’. Often, they were ‘‘gray”’ 
(liad 14:190, Odessy 2:261...) or, 
“bright”, “black”, even ‘‘violet’? (Od. 
5:57, 11:107). Surprisingly, oxen could be 
‘““wine-dark’’ too (ZI. 13:703), while ships 
might have ‘‘purple-red’’ cheeks (Od. 
11:124, 23:271...). Cloaks worn by 
nobility were invariably plain “purple” 
(Od. 4:154). Yarn and wool, however, 
might be ‘‘sea-purple”’ (Od. 6:53, 6:306) or 
‘‘violet-dark’’? (Od. 4:135). Sometimes a 
“steel” or, “bright blue’ was mentioned 
(Il. 18:564, Od. 7:87) or a ‘farayish blue 
green’’ — glaucous. 

The mysterious, often-used epithet 
‘‘wine-dark’’ very possibly did come, in 
part, from the bluish-purple collour of 
wine mixed with water (Od. 7:164. . .) — 
as has been suggested by others. 

Mostly, however, it was probably a 
discreet salute to the surly, dark-haired sea- 
god, Poseidon, ever raging against 
Odysseus to take his life. “Flaming” or 
“swarthy wine, aiOna (I. 1:462, 4:259 
_. .) was used for libations to the gods. 
Poseidon spent his leisure moments 
feasting with the Ethiopians, Aibna, 
‘who dwell sundered in twain, the farther- 
most of men, some where Hyperion sets 
and some where he rises’’. His watery 
realm divided Zeus’s heaven and Hades’ 
underworld (Z1. 15:189). He was the jealous 
husband to Amphitrite, the ancient sea | 
goddess and his vengeful roiling of the sea 
with quakes, storms and winds was akin to — 
a besotted spirit’s. His name, Mootiĝawv 
surely derived from Moois, (1) ‘‘drink’’, 
(2) “husband” and, datw,(1) “set ablaze’, 
(2) ‘‘divide”’ (as with the trident). 

Like Odysseus, Homer the poet-minstrel 
was probably a frequent sailor from 
kingdom to kingdom. He may also have 
felt assailed by treacherous seas. 

J. ASHLEY 





7320 Barberry Lane, 
Manlius, New York 13104, USA 


SIR — It has been suggested"? that Homer 
addressed the sea as ‘“‘wine-dark’’ either _ 
because his wine was blue or because dust 
clouds at dusk made his sea crimson. 

The true reason is quite different but 
equally wonderful. Our colour system is 
primarily based on the frequency spectrum 
of light: not so the Homeric one. It was that 
great classical scholar and part-time Prime 
Minister, William Ewart Gladstone, who 
first noted that Homer used colour terms to 
refer primarily to distinctions of light and 
shade?, 

Thus the word khloros describes both 
green leaves and yellow sand: meaning 
something like ‘‘pale’’. Whereas glaukos 
describes grey eyes and green willow leaves: 
meaning ‘‘glinting’’. So Homer’s wine- 
dark sea merely had the albedo of wine, not 
its frequency. 

Gladstone suggested ‘‘the organs of. 
colour and its impression were but poor! Sy 
developed among the Greeks of the heroic 
age” (cited in ref.4). But we need not 
asume there was anything physiologically 
the matter with the ancient Greeks. Indeed 
several tribes today have a notion of colour 
remarkably similar to that of Homer. For 









example? the Jale of New Guinea have but 


two colour terms, corresponding to 
“dark” and “‘light’’; and the Tiv of Nigeria 
have three colour terms, meaning ‘‘dark”’, 
“light”? and ‘‘reddish’’. . 

One final speculation. According to 
tradition, Homer was blind. Perhaps he 
was just colour blind? 

JONATHAN TREITE 

Department of Physics, 
Stanford University, 





Stanford, California 94305, USA 


Lo Wright, R.H. & Cantley, RED. Nature 303, 568 (1982). 

2. Ratherfoird-Dver, K. Mature HM, 110 (1983). 

3. Gladstone, W.G. Studies on Homer and the Homeric Age, 
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4. Wodworth Psych, Buli 7 325-334 (910). 

5, Berlin, B. & Kay Basic Color Terms (University of 
California Press, Berkeley, 1969). . 
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SCIENCE IN INDIA 


xcellence in the midst of poy 






India has set ambitious goals Jor science and technology — se If-re ance an d ihe re ief of pove 


Some great things have been accomplished, but much effort is frustrated, 


INDIA, where zero was invented, often 


describes itself as the third nation in the | 


world in science and technology. The claim 
is based on the output of graduates in 
science and technology from Indian 
universities, which is exceeded only in the 
United States and the Soviet Union. 
Naturally, the ranking would be different if 
the figures were adjusted for population 
size, but the Indian claim is justified 
qualitatively even by casual inspection. 
The newspapers are fuller than in the West 
of reports of technical developments, or of 
the speeches made at scientific meetings. 


__ (And government agencies seem always to 
“Woe advertising technical vacancies.) The 





`- major cities have laboratories scattered in 
their inner suburbs. People are alert about 
the doings of the scientific enterprise, 
especially in the Antarctic or in space. And, 


knowing how much importance is attached 
to. science and technology by the Govern- 
ment of India, and how much is being spent 
on them, people — even technical people 
~~ are forever asking ‘‘Why aren’t we 
doing better?” 

What follows is not a presumptuous 
answer to that question but a comment on 
it. First, it seems not fully to be appreciated 
in India that the question is commonly 
asked elsewhere, in places such as West 
Germany, the United Kingdom and even in 
the United States. Second, many in India 
overlook what has been accomplished. The 
most staggering achievement is the increase 
of agricultural production in the past two 
decades, which has allowed agricultural 
economists the luxury of worrying about 
the import bill for cocconut oil and not to 
have to worry about the external source of 


India’s inheritance of ambivalence 


THE bias of this survey, written by John 
Maddox with contributions (as noted) 
from Vera Rich, is as follows: 

Among developing nations, India has 
by far the best chance of succeeding. The 
doubt is not whether but when. The 
country’s greatest asset is not its natural 
resources (which are nevertheless vast) 
but the ingenuity and articulateness of its 
people. 

The difficulties are well-known and 
formidable. The huge uncounted 
~ | population (the registration of births and 
_ deaths is not everywhere compulsory or 

even practicable) is about 750 million 
and growing at 2.5 per cent a year, 
The percentage of illiteracy, officially 
estimated as a third, may be twice as 
much. Poverty is literal in the sense that 
large numbers of those who live in the 
estimated 700,000 villages have no 
regular source of cash of any kind. For 
them, to make a purchase is not possible. 

India is culturally as well as geo- 
graphically diverse. There are a dozen 
different regional languages, but the plan 

_ that Hindi should become the common 
# janguage makes only slow progress. The 
state governments are constitutionally as 
independent of the Union government as 
are those of the United States but, 
because of regional political interests, 
often have a more powerful vested 
interest in resisting what “the centre” 
wishes. The Sikh rebellion in the Punjab 
during the past year is as worrying as the 
trouble in Northern Ireland. 








In the circumstances, it is remarkable 
that so much has been achieved. The 
green revolution, however, did take 
place, with the result that India now 
exports some staple food. Urban 
prosperity has visibly increased — too 
fast, the purists say. Most large cities are 
awash with construction (but mercifully 
the authorities have halted the construc- 
tion of tower blocks along the sea front in 
Bombay). 

Two principles underlie what has been 
done — the conviction of everybody with 
an opinion on the subject that India, 
being a democracy, must remain a 
democracy and put up with the disad- 
vantages thereof (notably bureaucracy 
and legitimate and litigiousness) and the 
conviction (going back to Nehru’s chair- 
manship of the Planning Commission 


before independence in 1947), that 


science and technology are indispensable 
to development. Considering the 
difficulties there have been, it is 
marvellous that these principles are still 
upheld. 

British rule in India seems to have left 
both Indians and British with a curious 
ambivalence — both regret what might 
have been, some British tend to pointless 
reparation, many Indians make past 
colonialism a universal excuse. 

These prejudices are not meant to 
show. But that the Indian telephone 
system is appalling, and a bizarre 
impediment to efficiency, is not a pre- 
judice buta facte — T 











- next year’s grain. While the most obvious 


transformation of farming has been in the _ 
rich irrigated areas such as the Punjab, the 
agricultural extension services which have oe 
been strengthened nationally area 
powerful insurance for the future —a more _ Se 
durable asset than a handful of Nobel _ 
prizes. But none of this advance would __ 
have been possible without the small _ - 
army of geneticists, plant physiologists, p 
soil scientists and the like who have _ 
managed and who maintain the green _ 
revolution. | a 
For the rest, disappointment must bea a 
function of expectation. And it is true 
that many of the country’s best-known Susy 
technical organizations have sprung from 
hopes that their creation would solve 
particular problems. The Council for 
Scientific and Industrial Research was to 
have made manufacturing and mining 
industries profitable, yet exports of 
engineered products are declining. Why 
have an Indian Council of Medical — me 
Research (and an All-India Institute of Hos 
Medical Science) if diseases banished 
elsewhere are still common and population —__ 
growth unchecked? Why does the Atomic oe 
Energy Commission’s goal of generating _ 
10 per cent of the country’s electricity from 
uranium so steadily recede? What use is an 
Electronics Council (now the Department 
of Electronics) if the telephone system does oe 
not function properly? Could there even be 
a fallacy in the common assumption that: 
science and technology are, for India, the 
keys to development? | 
Fortunately, the present government is 
not infected by such doubt. There are few: 
technical communities elsewhere that __ 
enjoy the sense now common in Indiathat 
circumstances have recently improved and 


| are still improving. Who would have 
guessed five years ago that there would - 













now be a permanent Indian base in the 
Antarctic? Or that the rudimentary experi 
ments ten years ago with satellite-to-villag 
broadcasting would so quickly have been 
followed by the prospect of a national. __ 
system using indigenously-built satellites? 
In the support of academic science, the. 
government has also moved decisively,- 
with the result that good projects are not - 
being frustrated for lack of funds. The 
government seems to be taking the - 
empirical view that what has been spent has 
returned social, economic and intellectual _ 
benefits, and that spending a little more can 
only yield more of the same. That isagood - 
first approximation toastrategy. = 
Bevond that hawever 


tha  cadntinal 
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SCIENCE IN INDIA— 


- Enthusiasm from the top 


Mrs Indira Gandhi is for the time being the 
heroine of Indian science. Since her return 
as Prime Minister in 1979, people in 
laboratories everywhere have been con- 
gratulating themselves that they again 
have a government that understands what 
laboratories are about. Mrs Gandhi is 
indefatigable in her sponsorship of science, 
as chairman of the governing bodies of 
organizations such as the Atomic Energy 
Commission and of the Council of 
Scientific and Industrial Research, of 
the Science and Technology Council, 
inaugural speaker at the annual Science 
Congress and an opener of countless 
exhibitions, laboratories and conferences. 

How did this interest arise? ‘I’ve had it 
since I was a child’’, she says, explaining 
her passion for natural India. One of the 
first acts of her new government was to set 
up a Department of Environment (see p. 
589), She has also appointed six or seven 
scientists as government secretaries (heads 
of departments) — the count is uncertain 
because the most influential of them all, 
Professor M. G. K. Menon, is now a 
member of the Planning Commission. 

As is well known, Mrs Gandhi is a sharp 
and witty lady but when she speaks of **my 
scientists”, one cannot tell whether she 
refers to her intimates or, maternally, to 
everyone. 

So what does her government hope to 
do about the plight of the universities? A 
large part of the trouble, she says, is that 
“they're so terribly politicized’. Some way 
has to be found of restoring authority to 
where it belongs. Those responsible must 


question needs more careful consideration. 
The range of scientific activity in India is 
vast. There are some hundreds of 
laboratories run by the government, its 
central agencies and the states, all of them 
essentially paid for by public funds. There 


are as many higher education institutes 


teaching science and technology. Some of 
these establishments are splendid by any 
standards (and some of these are described 
in the pages which follow). But elsewhere, 
quality varies from place to place. Both 

an academic and applied research, India’s 
peculiar difficulty is that first-rate 
institutions are so few as to be a veneer that 
barely conceals the prevalence of the 
second-rate. Sometimes it seems that the 
practitioners have learned the rules of 
science — how to submit a paper to a 
journal — but not the content. This 
phenomenon is not much disputed. What 
matter are the causes and the cures. 

The shortage of money is no longer a 
serious problem. The difficulties that 
were common as recently as ten years 
ago in purchasing new equipment seem 
to have melted away, at least at the better 
places. And while some people still 


work with microorganisms in conditions so | 


_ unhygienic as to be a hazard for the experi- 
mantare many lahnratories are superbly 


take charge. She emphasizes how much is 
being spent on the universities, and that the 
country has hardly begun to tackle the 
problem of the education of the poor. 

But Mrs Gandhi is also quick to insist 
that educational attainment is not a 
standard by which people should be 
judged. India’s strength may be in the 
villages. 

In these circumstances, why so much 
concern and resources for high technology, 
the space programme for example? 





Because satellites are the only practical way 
of reaching all the poor. Then why not 
simply build the communications satellites, 
and let the Europeans, the United States or 
the Soviet Union bid to launch them? ‘“We 
couldn’t rely on that. Look what they did 
to us over the nuclear reactor contract!”’ 
On the question (raised by the television 


equipped. Travel funds, especially for 
going overseas, are still: short, but the, 
importance of keeping in touch with what 
is happening elsewhere is now more widely 
appreciated than ever, by laboratory 
directors, university department heads and 
by their ultimate sponsor, the government. 
There is no sign that this improving trend 
will be halted. 

Sheer inefficiency is a more common 
problem. Some complaints are almost 
universal and persuasive. Young people 
have too little say in the design of the 
projects on which they work. The 
bureaucracy makes research harder and 
slower than it should be. Spending a small 
part of a grant already awarded may take 
days of negotiation with the institutional 


administrators, buying a simple piece of | 
equipment may require that tenders should 


be invited from suppliers by advertise- 
ments in the local press. (Although people 
in India are fond of saying that the 
bureaucracy is the least welcome legacy of 
the British Raj, the practice of collecting 
useless information on multiple forms so 


badly printed that it cannot be digested 
seems an indigenous refinement.) The inef- | 


ficiency of suppliers is a notorious cause of 
delay. Complaints such as these are not of 
course confined to India, but they are 
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critic of The Statesman of Calcutta) 
whether it would be possible to deliver 2 
working television set to every school when 
the supply of blackboards had been 
failure, Mrs Gandhi scornfully dismisses 
‘‘anybody who writes for The Statesman’. 
And the question why the Indian telephone 
system does not function is turned with the 
remark that it too had been designed in the 
West. 

The argument that if India is to succeed, 
it must find export markets by making 
some products superbly weli, and better 
than other people make them, cuts very 
little ice. “The West’’, Mrs Gandhi says, 
‘sig basically a consumer-oriented 
society,” India is different. 

On the recurring problem of the poor, 
Mrs Gandhi says “You’ve no understand- 
ing how colonial rule impoverished India’. 
But she considers that science and 
technology “could do a better job” in 
catering to the needs of the villages in 
simple ways such as the improvement of the 
tyres on bullock carts. She emphasizes — 
again that India is a densely populated 
country and adds ‘my scientists tell m s- 
that we're still moving” and that India is 
getting smaller every year. 

Mrs Gandhi’s enthusiasm for science 
and technology, and her governments 
generous support of it, are most easily 
explained in strategic rather than economic 
terms. Self-reliance rather than self- 
sufficiency is the immediate objective but 
import substitution is also important for 
financial reasons. It also helps that people 
have some achievements to be proud of. 
“We are not feeling insecure’’, she says at 
one point. 0 









nowhere more prevalent. Yet the experi- 
ence of the better laboratories, many of 
them squarely in the public sector, shows 
that the bureaucracy is not indispensable 
and that research can be carried out on th 
collegiate basis shown to be effective 
elsewhere. There are three reasons why 
such self-inflicted impediments to achieve- 
ment are not swept away: many people with 
responsibility for research were brought up 
in earlier more hierarchical times when 
responsibility equated directly with power 
over others, some use the system 
tyrannically to conceal their own weak- 
nesses and in some places — the other side 
of the coin — the younger people cannot be 
trusted to function on their own. On the 
first two counts, the remedies are obvious, 
the third points at the deficiencies of higher 
education. | 
The conditions under which technicaM 
people are employed create other 
problems. Most work on the terms layed 
down for servants of the state or of central 
governments. While the salaries and allow- 
ances compare well with those of other 
public servants, the rigidity of the system of 
allowances (for housing, the cost of living 
and medical care) and of the promotion 


| ladders is widely recognized to be an- 


impediment to personal advancement and _ 
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mobility. Moreover, a person’s appoint- 
ment and promotion will be inordinately 
determined by paper qualifications and 
publications record. In circumstances in 
_gvhich the decisions of personnel 
committees can be challenged in the courts 
one famous case has just been settled by 
the Supreme Court after 14 years (see p. 
599) — it is natural for the authorities to 
shrink from using subjective criteria of 
promise and achievement. 

Yet even the present system does not 
Outlaw nepotism; when every graduate 
student is potentially a co-author, the head 
of a university department or a laboratory 
can further his friends’ prospects by a 
judicious allocation of each year’s student 
entry and in many other ways. While there 
is no hope of mass escape from public 
service, for employers on a sufficient scale 
do not yet exist, surely ingenious India can 
adjust housing allowances to encourage 
mobility and help give laboratory directors 
the courage of their convictions about 
people with the external review of internal 
appointments. As things are, the wonder is 
“ygthat so much has been accomplished in 

“such stultifying circumstances. 

Petty charlatanism is another scourge 
crying out for banishment. There is a lot of 
it about, especially in the journals. When 
publications are as important as in India, 
recycling old ideas in new papers is a 
constant temptation. The practice of senior 
authors’ names being added to junior 
colleagues’ papers is widespread (but 
sometimes junior people hope to improve 
the chances of publication by embellishing 
a paper with an important name). The 
refereeing system leaks intolerably, so that 
peple fear giving honest negative opinions 
for fear of reprisals. The solution is clear: 
use referees from outside as well as inside 
India. The journals which say they cannot 
afford the postage should ask themselves 
whose interest is served by the present 
‘System. And in any case some journals 
(notably those of the Bangalore academy, 
the Indian Academy of Sciences) seem to 
manage. Out-and-out false claims are 
commonly suspected but rarely investi- 
gated seriously. 

The influence of powerful men and 
institutions on the pattern of research is far 
too direct. In one of the largest technical 
communities in the world, it is surprising 
that the chairmen of advisory boards and 
the inaugural speakers at congresses should 












Conversions 

WHE unit of currency in India is the rupee, 
vritten here as Rsi but also in India as / “a 
reminder that during British rule the value 
of the rupee was that of the British shilling. 
Now, Rs15 are very roughly £1 and Rs10 
are $1 (US). 

Counting is more difficult. The major 
multiples of 10 in the decimal system are 
1,000, 100,000 (one lakh), 10,000,000 (one 
crore) and so on in multiples of 100. c] 
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be drawn from such a narrow circle. This is 
not to deny the value of experience of the 
system, but it is dangerous if a great man’s 
chance remark can be converted overnight 
into a research programme that a mere 
laboratory director could mount only after 
battling for weeks with his administrators. 
Letting wishes father the perception of 
reality is another common failing. The 
complaint last year by the parliamentary 
Public Accounts Committee that the 
Council for Scientific and Industrial 
Research had failed to produce colour 
television monitors in time for the Asian 
Games two years ago (see p. 586) is an 
illustration of the danger. Everybody 
knows that it is now possible to make 
integrated circuits that will drive television 
sets, but it does not follow that a suitable 
production line can be set up in an 
arbitrarily short time. The cultivation of 
realism about technological projects would 
be a great economy of time and temper. 
The government’s enthusiasm for bio- 
technology may be a larger error of the 
same kind; the hoop-la on the New York 
stock exchanges seems to have blinded 
people in India to the likelihood that the 
economic pay-off will be slow to come. 
The twin government policies of import 
substitution and self-reliance encourage a 
more general sense of unrealism in applied 
research. Behind the cloak of import 
substitution, even the practitioners are 


hard-pressed to know the difference 
between original and derivative develop- 
ments. Adapting technology developed 
elsewhere to Indian needs is never child’s 
play, but can it be in India’s best interests 
that so much bright enthusiasm should just 
now be invested in the replication in Indian 
laboratories of machines and com- 
munications networks using micro- 
Processors that can be bought across the 
counters of retail shops elsewhere in the 
world? In due course, no doubt, these same 
machines will be manufactured in India 
more cheaply than they could have been 
bought, and self-reliance (‘‘wecan doitata 
pinch”) will have been satisfied as well. But 
might there not be even greater benefits in 
manufacturing some product that nobody 
else can make? 

If private industry were more vigorous, 
questions like these would more easily 
be answered. But then, the administration 
of science and technology would also be 
simplified — government and the applied 
research laboratories would no longer have 
to second-guess the course of industrial 
development. Then, it would also be 
possible to hope for some flexibility in 
the pattern of research institutions with 
which India has been lumbered since 
independence. Even more obviously than 
elsewhere, it is much easier to create new 
organizations than to close them down or 
to carry through radical reform. Laudable - 












democracy is the restraint. E 
This applies more directly and more 
urgently to the universities of India (see p. 
591). The University Grants Commission 
has been diligently devising incentives for 
universities to improve themselves, but is 
now faced with a stark choice. Either the 
system that it loosely controls must be 
accepted for what it is, a collection of 
diverse institutions which provide students 
with an education that varies in quality 
from place to place, in which case the 
commission will have to use its influence to 
combat the Indian legend that all degrees 
are equally valuable, or it will have to use its 
powers to strike some institutions off its 
lists, The first course is preferable because 
diversity itself is valuable. Either way, the 
political difficulties will be formidable. 
The problem of the universities is 
important (see p.591 ef seq.) not merely 
because universities everywhere are 
important but because the science-based 
success for which India has been striving 
since independence seems so constantly 
just within reach. Some group of industries 
may one day find itself overwhelmed by the 
demand for its products. The universities, 
now reviled for having too many students, 
will then be reviled for producing too few 
graduates in the field concerned. The 
justifiable complaint, however, is the 
variability of the technical competence of 
the academically qualified. The haunting 
question is not which opportunities may be 
lost in future but how many have been lost 
already for lack of people to carry through 
to fruition the bright ideas which abound. 
The problem of the elitist research 
institutes (p.589) is by contrast not a 
problem, nor is the government's pursuit 
of space applications and nuclear energy. 
Not, that is, in India. The view from the 
West that activities such as these must be 
counted luxuries while poverty, squalor 
and needless death persist is not widely 
shared in India. The explanation is partly 
emotional: these activities help to lift spirits 
that would otherwise be profoundly 
depressed, But there is some logic, too. The 
scale of the social problems is so vast that 
even closing down the Atomic Energy 
Commission would not begin to scratch the 
surface. Indeed, when the social needs are 
for adult literacy, primary education and 
the other probable remedies for rapid 
population growth and the poverty that 
follows, the physicists working on the high- 
technology projects have little to 
contribute except the chance that what they 
do will bring economic success some day. 
If the patronizing West insists on finding 
a contradiction, it is less stark than that 
between high-technology and rural 
poverty, and lies in the inconsistency of the 
policy of self-reliance. That is a recipe for 
spreading resources thinly and thus for 
doing everything a little less than 


excellently. The universities need most of | 


all reform. The telephone system hardly 
functions, Can this be the long-term 
interest of the poor? G 


Administration 





How India runs its science 


SCIENCE has a special place in the structure 


of the union government. While each of- 
the fifteen ministries has operational 


responsibility for and need of science and 
technology (and some, like those for 
energy and irrigation, are largely technical 
in function), there is also a group of six 
agencies, without administrative responsi- 
bility except for themselves, which for 
practical purposes report directly to the 
Prime Minister. These agencies, whose in- 
fluence on research and development is 
crucial, are listed here: 

Atomic energy. Now responsible for 
the building of nuclear power stations and 
fuel manufacture as well as for research, 
this department also controls the Atomic 
Energy Commission (AEC), with its head- 
quarters in Bombay. During the 
chairmanship of Homi J. Bhabha, AEC 
established the nuclear research centre at 
Trombay (north of Bombay), now the 
Bhabha Atomic Research Centre (BARC) 
and was also responsible for creating the 
Tata Institute of Fundamental Research 
(Bombay) and a fuel production research 
centre at Hyderabad. Bhabha’s successor, 
Vikram Sarabhai, inspired the collection of 
space-related institutes in Gujerat, first the 
Physical Research Laboratory (p.600) and 
the Space Applications Centre, from which 
the space enterprise has emerged. 

Space. An outgrowth of AEC, the 
Department of Space now administers the 
Indian Space Research Organization, itself 
responsible for laboratories and launching 
facilities, the National Remote Sensing 
Agency and — separately — the Physical 
Research Laboratory. 

Electronics. This department is also an 
outgrowth of AEC whose origin was the 
Electronics Council set up in 1970 under 
Professor M. G. K. Menon, who was then 
the director of the Tata Institute of 
Fundamental Research. As a department, 
the organization has responsibility for 
research work in electronics and com- 
munications and administers nationalized 
industries in electronics as well as 


safeguarding users in the field by way of 


standards. 


Science and Technology. This depart- | 


ment has grown in size and influence in the 
past ten years. On the advice of an 


independent council, it makes grants for 


research to universities and other 
institutions and also has a supervisory role 
in relation to the Council of Scientific and 
Industrial Research (which is formally 
separately responsible to the Cabinet). 
Ocean Development. This now 
independent department has responsibility 
for oceanography both in research and 


diplomatically (through Indian interests in 


international treaties). 
Environment. The newest department 
(created in 1980) has also been derived 





from the Department of Science ane 
Technology, partly because of the growth 
of the administrative burden of environ- 
mental legislation and partly because of 
recent interest in the politics of the 
environment. | E 

Other organizations with a direct interest 
in science, technology and the universities 
include the four research councils, three of 
them dating from before independence 
(Indian Council of Medical Research, 
Indian Council of Agricultural Research 
and the Council of Scientific and Industrial 
Research). Like the Indian Council of 
Social Science Research, they representan . 
earlier phase of direct Cabinet respon- 
sibility for science and technology. The 
corresponding ministries have a super- 
visory role in relation to the research 
councils. 

The universities are the responsibility of 


the University Grants Commission (UGC), g 


which has a supervisory function over 
universities and which makes grants. for 
capital developments as well as financing 
central institutions directly (p.596). But the 
Indian Institutes of Technology (p.594) are 
separately financed through the Ministry 
of Ecucation, to which UGC is also 
responsible. 

To outsiders, the most distinctive feature 
of the Indian administration of science and 
technology (as of other matters) is the 
Planning Commission, a reminder that the 
constitution (adopted formally in 1950) 
embodies provisions for the systematic 
planning of the Indian economy on 
socialist lines. The next five-year plan will 
be in operation a year from now, to which 
end all research departments and- the 
administrative entities to which they 
belong are now in the throes of drawing 4 
proposals to be included in the plan. While 
the responsibilities of the scientist member 
of the Planning Commission, Professor M. 
G. K. Menon, extend to other fields than 
science and technology, his influence 
within the Indian scientific community 
and with the government suggests that the 
next five-year plan will be unusually inter- 
esting. 

The scale of spending on science and 
technology in India has increased rapidly 
since independence and, in the current 
(sixth) plan amounts to 2 per cent of all 
public expenditure by the states as well as 
central government. Spending by tł 
scientific agencies consumes 70 per cent of 
what is spent on science and technology, of 
which atomic energy and agriculture are 


the biggest spenders (23 per cent each in. 


of agency spending in the same year. UGC 
Department of Science and Technology — 
nearly Rs500 million. | oe 
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Antarctic research 


SCIENCE IN INDIA 


Frontier in the far south 


_ AANDIA’s Antarctic exploration programme, 
Which has mounted expeditions to the 

_ Princess Astrid Coast in each of the past 
three seasons (including that now ending) 
and has now established a permanent base, 
has one great asset — public enthusiasm 
and approbation second only to that for 
the space’ programme. 

Why this should be so is not obvious. 
The cost of mounting the expeditions is 
high, with ships chartered from Norway 
and Finland, and the only obvious 
economic advantage is that the weather 
pattern of the Indian Ocean, and hence of 
the monsoon, may be determined in this 
region of the Antarctic. A report on the 
Programme, published in January 1984 by 
the Indian National Science Academy, 
indeed suggests that this concern with 
climate influenced the Indian Government 
to go ahead, after people had been floating 
‘mtie idea for some years. 

“' In reality, the government seems also to 
have been influenced by the putative 
wealth of Antarctica, and by the fact that 
the Antarctic Treaty expires in 1991. India, 
the largest non-aligned State, often 
shoulders a watching brief for other 
developing nations and was not prepared 
to allow the developed world to keep 
Antarctic resources for itself. But to carry 
weight in the Antarctic Treaty organi- 
zation, a brief toehold on the Antarctic ice- 
shelf is not sufficient. There must also be a 
substantial scientific programme. 

The first expedition in 1982, mounted in 
only four months, stayed only 10 days 
towards the end of that Antarctic summer, 
It made some meteorological and geodetic 
observations and carried out preliminary 
experiments on radio wave propagation, 
Bat most of the first harvest of data related 
to the sea-voyage. A major sea-mount, 
rising from a depth of 4,500 m to about 
1,200 m was discovered at 53° 39.79 S, 47° 
55.87 E and named, inevitably, Indira 
Mount. 

The highlight of the spell onshore was 
the discovery of an ‘‘oasis’’, at 70° 45’ 
13°°S, 10°38'14” E, where the unmanned 
Dakshin Gangotri weather station was 
established. Four fresh-water lakes were 
discovered in this area, with a high 
bacterial flora count (12 x 104 to 5.9 x 106 
ml-') predominantly Bacillus, Micrococcus 
and Corynebacterium. A petrophilous 
chen (Acarospora sp.) and a moss Brymn 
p.) were found growing on the rocky sub- 
stratum and in crevices in the area. 

The second expedition, during the 
southern summer of 1982-83, spent 57 days 
on the Antarctic landmass and was able to 
make a detailed geological survey of 4.5 
km? in the Dakshin Gangotri hills, and 
also a geological reconnaissance in the 
Wohlthat mountains. Snow and ice studies 
_. were made far inland into the Dakshin 
















Gangotri hills as well as recordings of snow 
accumulation and ablation of the shelf, 
changes in the surface microrelief and 
thermal profile of the shelf ice, and snow 
stratigraphy and density studies of the 
polar ice. Experiments were carried out on 
the artificial ablation of the shelf ice, and 
ice-core samples collected for dating 
purposes, 

The meteorological programme of this 
expedition included the launching of $5 
balloons (including 8 low-level sondes, 6 
ozone sondes and 10 omega sondes). Radi- 
ation observations revealed strong reflec- 
tion of solar radiation from the snow, 
without significant attenuation of ultra- 
violet in the reflected radiation. 

The primary productivity of the Dakshin 
Gangotri lakes was estimated and measure- 
ments made of krill biomass at 16 loca- 
tions. The magnetic programme included 
both a total intensity survey over a 
relatively small area using a proton preces- 
sion magnetometer and the collecting of 
rock samples for palaeomagnetism. Radio 
propagation studies were continued, and 
the marine programme expanded to 
include acoustic and hydro-acoustic 
Studies of the pack ice, and the drift of 
icebergs. 

This impressive research package was 
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An Indian view of Antarctica — a booklet 
produced by the Indian National Science 
Academy, New Delhi. 


sufficient to win India (along with Brazil) 
its desired seat on the Antarctic Treaty 
organization. But now, it is felt, there 
has to be a permanently staffed base from 
which observations can be made through- 
out the year. Of the 82 people comprising 
this year’s expedition, a dozen or so-will 
spend the winter there. Vera Rich 


— eee eenaa 


Oceanography 


Playing for an ocean’s wealth 


INDIA’S National Institute of Oceano- 
graphy (NIO) is appropriately situated in 
Goa, one of the most scenic areas of the 
Indian coastline and with a long maritime 
tradition dating back throughout its five 
centuries as a Portuguese colony. Yet in 
1962, India’s participation in the four-year 
international Indian Ocean research pro- 
ject was run from an office in Delhi. Goa, 
of course, had then only recently been in- 
corporated into the republic. Only in 1969 
were the NIO headquarters moved to Dona 


Paula, a promontory 7 km from the 
Goanese capital, Panaji. | 

Today, NIO also has regional centres at 
Cochin, Bombay and Waltair and two 
ships, the 1,900-tonne RV Gaveshani and 
the 1,555-tonne RV Sagar Kanya. It has a 
staff of around 500 and comprises eight 
main research divisions: physical, 
chemical, biological, oceanography, 
geology and geophysics, instrumentation, 
Ocean engineering and the planning and 
data division. 

Like all CSIR institutes, its aims are 
closely linked with the needs of the Indian 
economy, ranging from development to 
marine farming techniques, and from pol- 
lution control to the extraction of drugs 


from marine organisms. NIO organized 


the first Indian Antarctic Expedition, 
which was led by its former director, Dr S.Z. 
Qasim. (The Antarctic programme has 
since become a separate entity and in the 
opinion of some NIO scientists is distract- 
ing attention from the achievements of 
NIO itself). , 

But the institute has a number of recent 
successes to its credit, In 1981, for example, 
it found polymetallic nodules in the Indian 
Ocean and was then put in charge of the ex- 
ploration of deep sea mineral deposits in 
the central Indian Ocean. The future share- 
out of these deposits is a politically 
sensitive issue for India, and NIOis accord- 
ingly proud of the speed with which it was 
able last year to negotiate two possible sites 
for exploration with the UN authorities, as 
required by the Law of the Sea treaty. 

Equally important for India’s policy of 
self-reliance is the work on extracting 
organic chemicals, including pharma- 
ceuticals, from marine life. This has been 
carried out on a somewhat pragmatic basis: 
marine flora and fauna have been col- 
lected, and tested for biological activity, . 
There have already been some notable suc 
cesses with biota from the continental 
shelf. Anti-hypertensives and even contra- 
ceptives may result. A new joint Indian- 














United States programme which will 
` extend the search beyond the limits of the 

- continental shelf was launched in January. 
(The funds for this, on the United States 
side, come from the Indian repayment, in 
rupees, of past United States loans for food 
aid.) 


the Indian economy, is the aquaculture 
programme, including shrimps and 
mussels, as well as local fish such as 
Etropus suratensis which, it has been 
found, can be successfully farmed in the 
canals of coconut groves. Recent projects 
include the induced spawning of mullet and 
the mass culture of feed organisms — 
nematodes, turbellarians and harpacticoid 
copepods. The biology division investi- 
gates the oxidizing and reducing properties 
of bacteria found in conjunction with 
manganese nodules, which play an 
essential role in nodule formation. 

NIO’s main cause for rejoicing during 
the past year, however, was an event which 
happily did not take place. The west coast 


Industrial research 


Less exotic, but equally important for 


A glimpse of the goal. . . 
of India lies full in the path of currents 
from the Arabian Sea, and is therefore 
always at risk from tanker spills and dis- 
charges. Last spring this hazard was im- 
measurably compounded when a vast slick, 
discharging from oil-wells bombed in the 
lraqi-Iranian war, began moving down the 
Persian Gulf and out into the sea. Special- 
ists in ocean currents and chemical oceano- 
graphy laid their contingency plans for a 
major devastation — and waited. In the 
event, the slick dispersed in mid-ocean, and 
NIO, in retrospect, can refer to the alarm as 
“instructive”. Vera Rich 


Source or victim of red tape? 


THis has been a bad year for Dr G. S. 
Sidhu, the director-general of the Council 
for Scientific and Industrial Research 
(CSIR), India’s chief agency for turning 
science into industrial prosperity. At the 
end of last year, the Public Accounts Com- 
mittee of the Indian Parliament prefaced a 
critical report on the working of the 
organization with the flat declaration that 
it is “disappointing that CSIR had failed to 
make any significant impact on the 
development of technology for use in in- 
dustry” and, in the process, implicitly rais- 
ed questions about the future of the 
organization. 

CSIR’s origins go back before in- 
dependence to 1942, and to the belief that 
the economic future of India would turn on 
the successful application of research in 
manufacturing industry. Now, the coun- 
cil’s spending amounts to more than 
Rs1,000 million a year. CSIR maintains 35 
national laboratories whose programmes 
collectively range from basic research to 
strictly practical projects. It is also one of 
the chief means by which young scientists 
can hope to find employment in India, 
partly because of its fellowship schemes by 
means of which people can be kept in 
research for limited periods. 

The Public Accounts Committee’s com- 
plaints were several. The proportion of 
CSIR projects taken up by industry is too 
small (15 per cent or less), too little atten- 
tion is paid to low technology that might 
benefit the rural poor, CSIR runs pilot 
plants (for the. production of optical 
glass and magnesium for example) un- 
economically and outside its terms of 
reference, younger scientists have too little 
influence on the programmes of the 


laboratories in which they work and — 
scandal, scandal — two separate labor- 
atories were found to have embarked on 
the development of a household water 
pump in the 1960s without the central ad- 
ministration being aware of what was hap- 
pening. (CSIR’s defence is that the cost of 


the duplication was only Rs10,000, and | 


that it has nearly 2,500 projects to 
monitor.) 

The report is personally hurtful to Dr 
Sidhu, coming as it does on the eve of his 
retirement (in May) from a post- he has oc- 
cupied for nearly a decade. And in any 
case, he says, the record is not nearly as bad 
as it seems. In 1983, he guesses, more than 
Rs600 million was invested by the chemical 
industry alone in processes developed at 
CSIR laboratories, yielding products as 
different as anti-inflammatory drugs and 
for manufacturing methyl acetylate. The 
laboratories are a principal source of 
microwave systems for defence, while the 
council’s capacity to move quickly is il- 
lustrated by the way in which it surveyed 
300,000 square kilometres of the Indian 
Ocean in only four months last year, when 


asked to advise on sites at which manganese | 


nodules might be mined (see above). 

One of the council’s mistakes, Sidhu 
says, may have been that it has done less to 
publicize its successes than it might have 
done; ‘‘we are trying to modify that’. But 
CSIR must also remain an agent for basic 
research. Silicon technology is an example 
— CSIR laboratories have the knowhow 


on which a microelectronics industry could — 


be built, but whether such a technology will 
emerge depends on the government’s will- 
ingness to invest in it. “Now”, says Sidhu, 


“India is 10 or 15 years behind industry in ! 


-| on these pages) is that both Sidhu and the 
| critics of his organization have a sus-_ 


‘Laboratory at Pune is, indeed, widely © 
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ey Er Japan and the United States. Perhaps in- 
k + 1990 we shall be only five years behind.” 


_ This outsider’s impression (see elsewhere 


tainable case. The National Chemic 


respected for the design of heterogencous 
chemical catalysts, the National Physical 
Laboratory (in Delhi) does mastermind the 
imaginative Middle Atmosphere Research 
Programme (an outgrowth of the 
laboratory’s long-standing interest in radio 
propagation and the ionosphere) and the 
Centre for Cell and Molecular Biology at 
Hyderabad is a brave adventure in basic 
research. 

On the other hand, there are projects and 
programmes in CSIR laboratories which 
are imitative of work being done outside 
India but which are unlikely to make a 
distinctive mark in the foreseeable future. 
And some research projects are simply se- 
cond rate. Much obviously depends on the 
directors of individual laboratories. Much 
depends on the quality of the staff they in- 


herit, and on those people’s willingness tog” 


change their ways. But there are vivid 
demonstrations, at the National Geo- 
physical Research Laboratory and the Cen- 
tre for Cell and Molecular Biology (both at 
Hyderabad) that a determined director can 
pull a programme round to his way of 
thinking in spite of the bureaucracy. 

Would it not help if there were stronger 
links between CSIR laboratories and the 
outside world? Sidhu is planning to move 
in that direction. CSIR will listen to the 
Public Accounts Committee's complaint 
that research advisory committees ap- 
pointed for each laboratory will in future 
meet regularly, and he hopes to strengthen 
links with universities by setting up some 
research units on campuses of which the In- 
stitute of Microbial Genetics set up at the 
University of the Punjab may be a prota, . 
type. The council has also approved | 
scheme to allow university people to work 
at council laboratories as well as to en- 
courage laboratory staff to teach. 

The bureaucracy is not, Sidhu insists, 
nearly as great a problem as the critics say. 
Because India is a parliamentary 
democracy, the director-general and his 
staff must know what is going on in the 
laboratories. But for the past two years he 
has been trying to persuade laboratory 
directors to take seriously the manual on 
delegated authority he put out in 1982. His 
hope is that by the time of the seventh five- 
year plan (to begin in 1985) it will be possi-. 
ble for CSIR substantially to haveg. 
«watered down” its role as the final arbiter | 
of the details of all laboratory research pro- 
grammes. a4 S E f 

For the future, Sidhu hopes that CSIR | 
will continue to emphasize the importance 
of basic research. Originally, he notes, the 
chief objective was “import substitution”. 
Now, he thinks, the time has come when 
CSIR must hope to “come up to some of _. 
the world’s best’*. Concentrating resources 
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on good projects is one way of doing that, 
which is one reason why CSIR projects asa 
whole have been reduced by a third in the 
past few years. | 

„į, Import substitution, however necessary 
_ itmay in the past have been, has probably 

become a distracting objective for an 

organization such as CSIR, now conscious 
of the importance of quality in research, if 
only because it justifies imitative and 
repetitive research. 

Another difficulty is that CSIR, firmly 
placed within the government Structure as 
it is, cannot be sure that the research pro- 
jects it carries out for the benefit of Indian 
industry will yield products that industries 


menemene 
Pushing invention 

FOR the exploitation of inventions arising 
within the public sector, India has a 
National Research Development Corpor- 
ation modelled on the same-name British 
organization now absorbed in the British 
Technology Group. Out of an income of 
some Rs13 million a year, the corporation 
sy £turns 60 per cent to the inventors. Some 
“development is carried out directly: the 








corporation is building solar heating 


plants on the roofs of two Delhi hotels and 


taking an equity stake in an electrolytic 
manganese dioxide plant. Dr H.S. Rao, the 
managing director, says that the flow of in- 
ventions offered is nevertheless declining. 

amna eesti, oz 
will actually wish to exploit, for which 
reason the Public Accounts Committee’s 
complaint that only 15 per cent of CSIR 
projects were actually exploited may be less 
discreditable than it seems. But although 
everybody seems to agree that manufactur- 
ing industry has recently become much 
more conscious of the value of research, as 
shown by the growth of contract income at 
CSIR and other government laboratories, 
_&xperience elsewhere shows that networks 





less effective in ensuring the relevance of 
research than a company’s tangible com- 
mitment to a project represented byits own 
investment in it. 

The conditions on which scientists are 
employed in CSIR and other government 
laboratories must be, as it seems to an out- 
sider, another handicap. The principle 
seems to be that an appointment to CSIR is 
an appointment for life. There are rules for 
Promotion from one grade to another 
which usually require that a person should 
have spent five years or so in his post, 
disappointed employees can appeal if they 
e not promoted when they might be, 
~. everybody is badly paid (laboratory direc- 

tors may have a gross salary, including 
allowances, of Rs4,000 a month, people 
recruited with a first degree less than a third 
as much) and there is no sense among new 
recruits that they will become powerful 
figures in their laboratories, perhaps even 
- directors, if the quality of their work is 
high. The government service is too grey 
 forits own good. a 






Q industrial advisory committees are much _ 


Geophysics 


Resources of a moving plate | 


THE National Geophysical Research Insti- 


tute may yet prove to be an illustration of 


how, even in India, it is possible to take an 
established institution by the scruff of the 
neck and point it in a different direction. 


The laboratory, in a handsome set of 
modern buildings at Hyderabad, is part of 


the CSIR network whose objectives stem 
from the argument that India must be 
stuffed with natural resources and that a 


geophysical understanding of the sub- 


continent is a necessary basis for discovery. 

The new director (since last April), Dr 
Vinod Gaur, is an energetic youngish man 
from the University of Roorkee, originally 
a technical college which has in the past ten 
years won a high reputation as an engineer- 
ing school. Gaur does not know whether 
the life of an administrator will suit him — 
he knows he enjoys tramping about in 


Defence shows off 


DEFENCE science, normally as reticent in 
India as elsewhere, marked its silver jubilee 
this year with a small exhibition in Delhi on 
Army Day (14 January). And a series of 
annual awards to ‘‘defence scientists of the 
year” has been instituted in fourteen fields. 

This year’s “silicon trophy” is shared by 
five laboratories which contributed to the 
development of India’s first indigenous 
main battle tank (now in its final develop- 
ment stage). Second place (the “titanium 
trophy’’) has gone to the Defence Food 
Research Laboratory, Mysore, for its 
development of processed foods for 
Antarctica and for the Indian visit to 
Salyut-7. Other awards range from the 
conventionally military (ammunition and 
camouflage for example) to such unlikely 
topics as high-altitude agriculture, poultry 
and animal husbandry — a reminder of 
India’s constant concern with the 
Himalayan frontier. 

A similar mix was to be seen in the exhibi- 
tion. Alongside sophisticated electronics 
concerned with the performance of 
projectiles and explosives were protective 


clothing for mountain troops, mosquito, 


fly and leech repellants for the south, a dry 
body-shampoo for desert conditions and 


survival ration packs (vegetarian). 


The relationship between defence and 
civil science is far from obvious, but it may 
be significant that laboratories operated by 
the Department of Defence Research and 


Development Organization are often sited 


alongside their opposite numbers in the 
civil sector. Thus the Defence Food 
Research Laboratory and the Central 
Research Food Technology Institute are 
both in Mysore and the Explosives 
Research and Defence Laboratory and the 


National Chemical Laboratory are both in 


Pune. Vera Rich 
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the northern foothills looking for place: 
at which to site seismographs. So he has 
agreed to run the laboratory at Hyderabad. an 
on a five-year secondment from Roorkee. 
Gaur’s arrival at Hyderabad will be long — E 
remembered. He began by telling the 180 2 
scientist members of the staff that they _ 
should spend the following threemonthsin 
the library, reading the recent literature in 
their fields, deciding what they should be — 
doing. In Gaur’s opinion, the underlying = 
difficulty in the management of 
government laboratories is that people- 
have no incentive to be active. It is easier, 
he observes, to “recycle” the same idea ae 
over and over again. me 
On the basis of a series of workshops aa 
held at the laboratory last summer, he says 
that it has now been possible to hammer 
out a coherent programme of research. The 
laboratory will take up anew geochemistry 
(there is a high-performance mass spectro- 
meter on order), deep seismic surveys of 
south India and earthquake prediction, 
Gaur says that CSIR has backed him upin 
his deliberately subversive spell as director, 
and that he hopes to be able to appoint 30 
new people to the staff in the course of this 
year, partly because of planned retirements 
and partly on the strength of new money, 
The tangible outcome of this approach 
so far has been a thick two-volume plan of 
what the laboratory wishes to undertake in 
the years ahead (and a corresponding bill 
for CSIR). The programme is ambitious, 
nothing less than the use of modern 
geophysical methods for a full description 
of the Indian lithosphere and its 
surroundings. 
The hunt for minerals, oil and natural 
Bas especially, is at the back of everybody’s 
mind. In this connection and others, the 
geophysical laboratory is the basic research 
arm of a group of interested Indian 
agencies. Some support for this work 
comes from overseas organizations, the 
UN Development Program for example. ae 
Instrumentation is an important part of 
the programme, and the laboratory plans 
both to improve on existing instruments 
(and stimulate their manufacture in India) 
and to develop a computer centre capable 
of handling efficiently the huge volume of 
data generated by geophysical prospecting. | 
Much of the general interest in the . <= 
laboratory’s programme stems from the 8) 
continuing northward movement of. the oo 
subcontinent relative to the Eurasian plate, = 
in which connection the results gathered by - 
the Franco-Chinese expedition to Tibet 
(see Nature 307, 17-36; 1984) are of special — 
interest. But deep seismic surveys organiz- ` 
ed from Hyderabad have now thrown light : 
on another Indian geophysical puzzle — 
the origin of the Deccan Traps, the huge. 
lava flow that bites into the west coast o 
India over a distance of 200 kilometres and - 




















which reaches as far inland. 


Dr K. L. Kaila, leader of the seismic 
sounding programme, explains that data 


accumulated in the past few years have 


shown that this igneous structure, perhaps: 


the largest accumulation of lava now 
known, consists of a lens-shaped structure 
approximately 1.5 km thick on the west 
coast which becomes progressively thinner 
as it is followed inland. The inference is 
that the source of the material lies seaward 
of the west coast, perhaps at the edge of the 
still moving Indian plate. 

The practical importance of this in- 
vestigation, first stimulated by the Oil and 
Natural Gas Commission (one of the spon- 
sors for the continuing investigation) is the 
discovery beneath the igneous layer of a 

: sedimentary basin perhaps 100,000 km in 


Molecular biology 


Ambition unrestrained 


IN the heady days after independence from 
British rule, one of the first of the CSIR 
laboratories to be created was the Regional 
Research Laboratory (RRL) at 
Hyderabad, now a particularly Indian 
proof of the principle that it is much easier 
to found an institution than to close it. But, 
like a chrysalis from which a butterfly 
emerges, the laboratory has given rise to 
one of the most talked of laboratories in In- 
dia. Bhargava, people say, “‘can get away 
with murder’. 

The reference is to Dr Pushpa Mittra 
Bhargava, the director of the Centre for 
Cellular and Molecular Biology which has 
been quarried by the dint of unspoken 
politicking from the dormant body of 
RRL. Dr Dorairajan Balasubramanian, 
the deputy director of the centre says 
(Bhargava was in Lucknow for the week): 
“Our aims are up here” (lifting his hand 
above his head). ‘‘We want this laboratory 
to be as well known as the Salk Institute or 
the Medical Research Council Laboratory 
at Cambridge.” 

The centre, formed in 1979 but now 
housed separately from RRL on a separate 
campus a mile away which is dominated by 
new construction, is aiming deliberately at 
that goal. The scientific staff now amounts 
to sixty, organized into half a dozen 
groups. Ultimately there may be three 
times as many. But in spite of the extra 


space there will soon be, the senior people 


insist that recruitment will be deliberate. 

Younger people, for example, are 
recruited by means of an advertisement in 
the national press every six months. Each 
round produces 300 applications from new 
PhD graduates, of whom perhaps 100 are 
called for an interview and for an ingenious 
elementary test of scientific competence — 
what, for example, is the function of the 
ball in a ball-point pen and is a sea horse a 
mammal, reptile, fish or invertebrate? Ap- 
plicants are invited to answer 60 question in 
two hours. and it seems that on many occa- 


sions all those called to Hyderabad go away 
without a fellowship. 


senior appointments — the laboratory has 
set out first to recruit people with such a 
well-established reputation in some field of 
cell or molecular biology that they can 
become project leaders, and then to give 
the people concerned an important voice in 
the choice of those who work for them. 


bound to seem undemocratically 
discriminatory. Why should one man’s 
PhD be preferable to another’s? The 
answer is that a productive laboratory re- 
quires well-articulated teams of people. 
And in the present mood in India, when it 
seems to be dawning on people that ex- 
cellence is not merely desirable in itself but 
the only sure foundation for worthwhile 
discovery in a competitive field, breaking 
convention may be necessary. 


the support of the people at CSIR head- 
quarters. Over five years, the laboratory 
will have spent Rs350 million, mostly on 
buildings and equipment. The NMR 
machine on order will cost Rs5 million, the 
cell sorter nearly a tenth as much. 


boast of already. Balasubramanian, a 
physical chemist by origin, is for example 
one of the few practitioners of the craft of 
photo-acoustic spectroscopy — the techni- 
que by means of which a laser is used to ex- 
cite characteristic molecular vibrations. 
One neat application for example makes it 
possible to detect in malaria parasites com- 
plexes between breakdown products of 
haemoglobin and the drug chloroquine, 
themselves believed to be toxic to the 
parasites (see Science 223, 828; 1984). 





pears to consist of projects of two kinds — 
those to which an Indian laboratory can | 
make a distinctive contribution (as in the 
molecular basis of the sense of smell, a 








‘mouse-based genetic study, and the search 
for novel ribonucleases such as that known 
to occur in human milk, a project with an 
Indian interest because of the lower co: 
centration of RNAase in the milk of Parsee, y 
women who are also prone to mammary \ 
cancer) and mainstream molecular — 
biology, genetic regulation and the role Gif 
any) of retroviruses in oncogenesis. 

If they have their way, the project leaders 
will stick to basic research, resisting the 
temptation to become the mainspring of 
biotechnology for the subcontinent. But 
the laboratory would like also to be a 
source of trained people for the 
biotechnology enterprises which the 
Government of India is doing everything it 
can to foster. 

In the long run, it seems agreed, mobility 
is what will matter most. If ‘‘Bhargava’s 
place”, as the laboratory is also widely 
known, can win areputation for itself and 
at the same time not be so attractive that the 
people whom it recruits with such care are 
never prepared to leave, its founders’ high 
ambitions may be fulfilled. Meanwhile, as 


extent which is itself up to 2 km thick and 
which is almost certain to have been form- 
ed when India was still part of Gond- 
wanaland. There is now high hope that 
there may be substantial economic reserves 
of coal beneath the relatively thin igneous 
overburden where the Deccan Traps thin to | 
a few hundered metres towards the east. Oil 
and gas would be even more welcome. 
Among CSIR laboratories, the 
geophysical laboratory is perhaps the most 
stringent test there could be of the com- 
bination of basic research with humdrum 
management. Shooting a seismic profile re- 
quires not merely instruments and means 
of gathering the data they produce but a 
small army of truck drivers and other 
miscellaneous helpers. Mercifully for 
Gaur, there is no shortage of them. G 














The same principle applied to more Killin g mos quit oes 
THE ponds of the campus of the University 
of Madurai are uncommonly free from 
mosquito larvae, thanks to repeated 
spraying with a bacterial larvicide secreted 
by sporulating Bacillus sphaericus. The 
aim is to use the biocide as a complement to 
chemical insecticides in breeding grounds 
for Culex and Anopheles mosquitoes. 

Dr Kunthala Jayaraman, sometime 
Harvard post-doc, explains that the toxin 
lasts well in spores released in the field, that 
genetic selection of bacteria should yield 
strains with amplified genes and that (in 
collaboration with the CNRS laboratory 
near Paris) the gene has in any case now 
been cloned in Escherichia coli. The toxin 
is effective at the microgram per ml levels {2 


| 







By Indian standards, such a policy is 






[Ue EDTEETEE enroll 


Certainly the centre seems to have won 
in any Western laboratory, the senior peo- 
ple reckon to help determine policy cor- 
porately, and insist that time spent on 
group seminars is part of the job. 

The new centre’s parent, RRL, was no 
doubt once like that, and even now it suf- 
fers by Indian standards only by com- 
parison. Essentially an applied research 
laboratory, RRL’s programme has not 
changed much in thirty years. The process- | 
ing of minerals is a large part of the pro~ 
gramme, the exploitation of natural — 
vegetable oils another. E 
The laboratory commissioned a Lurg 
coal gasification plant last September, aim- | 
ed largely at theexploitation of the lignite 
coals of the region. The chemistry of 
vegetable oils continues to spawn formulae 
for new drugs. The economics of the 
vegetable oil industry, a constantly shifting 
quagmire, preoccupy the managers. With. 
its 1,200 people, however, the laboratory 
may well be too large to manage effective 
ly, or to be effective. | l + a 


Technically, the laboratory has much to 






The research programme as a whole ap- 
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without plants?’’) and hopes to use so 
his department’s research | 
supporting studies in seed biology, 
of tissue culture techniques and the 
But he will manfully prosecute “Proj 
Tiger” and help encourage the breeding o 
crocodiles. Given that nearly half the land __ 
surface of India (part desert, part moun- 
tain) is unused, Khoshoo hopes there will 
be a number of environmental institutes. - 
dealing with specific regions (the 
Himalayas are first on this list). EENE 
Among pollution problems, water pok 
lution (in its broadest sense, the most com- o 
mon cause of death in India) is paramount. 








Environment | 


Search for a policy 
EVISING a policy on the environment that 
ill be soundly based in science is the task 
that Dr Triloki Nath Khoshoo, Secretary to 
the Government of India at the Depart- 
ment of the Envionment, has set himself. 
Khoshoo is a plant geneticist persuaded 
reluctantly to Delhi only after eighteen 
months of pressure from ‘‘the highest 
levels”. He had been a distinguished 
director of CSIR’s National Botanical 
Research Institute at Lucknow, once the 








matched only by the waywardness with 
which farmers and one-cow families allow 
their animals to graze whatever land has 
traditionally been open grazing ground, 
with disastrous consequences for saplings — 
and young tree growth, and by the zeal with 
which the rural population scavenges for 
fuelwood. More recently, fierce passions 
have been roused by the introduction into 
India of Eucalyptus species, which grow 
splendidly in much of India, which are 















National Botanic Gardens but now much 
more concerned than that name would sug- 
gest with the propagation and cultivation 
of vegetable and medicinal plants as well as 


flowers. 


Khoshoo has arrived energetically in 
Delhi proclaiming that he is not a “miracle 
man’’. While his department (created after 
the 1980 election in which environmental 
issues had figured prominently) has execu- 
v ive responsibility for the air and water pol- 
“7 lution legislation and wildlife protection 
“legislation of the 1970s, Khoshoo seems to 
be especially interested in the power his 
position offers to keep an eye on develop- 
ments planned by other departments and, 
if necessary, to fight them in cabinet com- 
mittees. He is keen that all major projects 
should be looked at. He seems undismayed 





that his role is a recipe for making enemies. 


If Khoshoo has his way, India may be the 
first country of any size to have an environ- 
mental policy securely based on Darwinian 
principles. Too many discussions of 
and = conservation 


environmental 





funds from the central government that 
will be required for operating the reserves. 
~ He has more immediate conservation 
problems on his plate, however. Setting up 
five gene banks for plant material would 
seem a straightforward task, but one 
gathers that it has not always been a simple 
task to persuade technicians to take 
responsibility for commissioning imported 
deep freezes. And there is the contentious 
issue of the forests. 

The Indian love affair with trees is 








described by their supporters as a necessary 
source of fuelwood but which offend con- 


servationists (because of the competition 


they offer native species), nationalists 
(because they are exotic) and ecologists 


(because they lower the water table). 
Khoshoo is doing his best to help cool 
this argument. In January, he told a cote 
ference on eucalypts in Kerala that it was 
clear government. policy that exotic trees 
Should not be introduced into conservation 
areas, but that farming eucalypts on tracts 
of land that would otherwise be devoid of 
forest can be not merely a direct economic 
benefit but could also help to relieve pres- 
sure on natural forests. But “there is a need 
for more scientific data” about the circum- 
stances in which Eucalyptus can be grown 
without environmental damage, which is 
another way of saying that those who wish 
may delay, and the whole dispute should in 
any case be set against a policy of 
afforestation — in 1952, the government 
decreed that a third of India should be 
covered with trees, but the proportion has 
instead fallen to 10-12 per cent — and of 
plant breeding to. improve. forest pro- 
duction. Meanwhile, even in the streets of 
Delhi, people carrying bundles of twigs and 
brances culled from city trees can be seen 
making their way home. The foresters have 
a battle ahead of them. Inevitably, 
Khoshoo is a plant-orientated environ: 
mentalist (“How can you have animals 


No more Indian 
WHERE have all our Nobel prizewinners 
gone? This constantly repeated question is 
not satisfactorily answered by mentioning 
Professor Subrahmanyan Chandrasekhar, 
the astrophysicist who shared the physics 
prize last year, for he works in the United 
States and is in any case too modest a man 
to wear with ease the mantle of greatness 
that India is bursting to thrust on its heroes. 
Now Bose and Raman were different . . . 

C.V. Raman’s reputation is kept alive in 
Bangalore, in the institute which he found- 


tual entrepreneurship comparable with, 


the Royal Institution in London more than 


ed there in the 1940s in a piece of intellec- 


say, Sir Humphry Davy’s foundation of | 


But in the cities, the chief cause of pollution — 
is dust (as anybody who runs his finger 
along a piece of Indian paintwork can tell). 
Concentrations of dust range from SOugto 
1,000 ug per m3, making this land of open 
skies one of the grubbiest in the world. So. 
Khoshoo will be taking on big industryand 
small business, but not yet. Hard-headed 
cost-benefit analysis is for the time being 
the order of the day, all within a framework 

of some 500 separate pieces of legislation 
and with the hope that state governments 

can be persuaded to do what is required of 
them. : 

Perhaps, unknowingly, Khoshoo is as it. 
happens a natural politician with a 
thoroughly un-Indian regard for the self- 
respect of his junior colleagues. Like | E 
natural politicians anywhere, he is building = 
a constituency by means of an imaginative’ - 
Programme of public awareness, chiefly ae 
among schoolchildren and their teachers. ~ 
Last year, he was able to give 140 prizes for 
school projects of an environmental 
character — making a model of an elephant 
forexample. This year, no doubt, there will . 
be more. 

Making what is generally known as 
ecology scientifically respectable is 
Khoshoo’s other goal. Perhaps there will 
be an Academy of the Environment, but 
certainly there ill be a research programme, 
prehaps even a big one. And Khoshoo has 
every chance of remaining what he is now, 

a bureaucrat talking like a scientist. 0 











heroes 


acentury earlier on the generosity of his ad- 
mirers. From his retirement as director of 
the Indian Institute of Science until his 
death in 1970, Raman’s institute was his 
personal research fiefdom where, with a 
succession of assistant devotees, he con- 
stantly sought the unattainable — a second 
discovery comparable in importance with = 
the Raman effect of the 1920s. An upper 
room at the institute filled with the objects | 
collected for scientific observation — spec-. 
tacular mineral crystals predominate — is 
his shrine. . 
The Raman Research Institute is now 









very different place, a physical resear 
laboratory with two concentrated researct 


390 





programmes supported almost entirely by 
the Department of Science and 
Technology. (Raman’s endowment has 
withered away to | per cent of the total in- 
come.) The director of the laboratory, Dr 
V. Radakrishnan, is a radioastronomer 
(with an Australian accent) whose chief ob- 
jective seems to be to bring the temper of 
Western science to southern India. The 
radiotelescope at Ootacamund, nearby, is 
used for observations of pulsating stars; 
that at Gauribidanur (operated in conjunc- 
tion with the Indian Institute of 
Astrophysics) operates at decametre 
wavelengths and is one of the largest of its 
kind anywhere in the world. There is a plan 
to design and build a millimetre wave 
telescope. 

Alongside this programme in physical 
astrophysics is an outwardly incongruous 
group — Professor Sivaramakrishna 
Chandrasekhar’s liquid crystal team. By 
general agreement (outside India), Chan- 
drasekhar’s own contributions to this field 
have been outstanding. He is a refugee in 
Bangalore from the University of Mysore, 
where “‘there was no library and no 
laboratory space’’. His group of 20 people 
is as much concerned with applications as 
with theoretical understanding— but 
Chandrasekhar himself is disappointed 
that after he had blazed ‘‘an inconspicuous 
trail’’ in the 1960s towards the use of liquid 
crystals as visual displays, the agencies of 
the Government of India were reluctant to 
believe his claims until RCA in the United 
States had shown them to be realistic. Now 
the institute has made an arrangement with 
a private company for the use of his latest 
liquid crystal display in the manufacture of 
a million watches, one of which he wears 
proudly on his wrist. 

This institute is as vivid a proof as there 
could be that research of the highest class is 


alive and well in India. The necessary con- 


ditions seem to be that people of distinction 
should work in institutes which are small 
and generously endowed and that it should 
be possible for those with ideas freely to 
select those who work with them. The 
benefits? Reputation, some practical 
benefits (Chandrasekhar’s work for the 
Defence Department as well as his watch 
display) and a trickle of people with distinc- 
tive PhDs. | 

Calcutta, the other pole of physical 
science in British India, has its own 
institute on this pattern, but to com- 
memorate J.C. Bose, not S.N. Bose (of 
Bose-Einstein statistics) but the Cam- 
bridge educated contemporary of Lord 
Kelvin who, in Calcutta, divided his 
attention between classical physics and 
plant physiology. (S.N. Bose, educated in 
Calcutta, moved to Dacca in 1921.). 

His institute, a cloistered gothic building 
(with ivy) is in the throes of moving to anew 
site on the way to Calcutta Airport. Like 
the Raman Research Institute, it has an 
independent programme of research in 
which nuclear physics is prominent, but 
which runs to biology as well. Again the 
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objective is to train exceptional graduate 


students but, Calcutta being the culturally 
self-conscious place it is, the Bose Institute 
thinks it proper that it should tell the world 
(or at least West Bengal) what science is 
about. 

The Indian Association for the 
Cultivation of Science in Calcutta has 
similar but more explicit terms of 
reference. Founded in 1876, and the place 
at which Raman began his work, the associ- 
ation is partly a membership organization 
and partly a research institute. Funds come 
from the Department of Science and 
Technology and (in smaller amounts) from 
the Bengali Government. The research 
runs from theoretical physics to the 
experimental study of macromolecules. 
With a staff of 80 qualified people, the 
association produces more than a score of 
PhDs a year. 

Like the Bose Institute, it also serves as a 
central repository of research equipment, 
running a helium-liquefaction plant for the 
benefits of neighbouring universities and 
institutes. The director, Professor A. K. 
Barua, a solid-state physicist by 
background, has turned enthusiastically to 
a project for improving the photoelectric 
yield of amorphous silicon as his and the 
association’s contribution to a nationally 
coordinated programme of research. (They 
hope to be able to attain 6 per cent 
efficiency.) 

The lesson of these fundamental 
research institutes is not the obvious — that 
small is beautiful. The Tata Institute of 
Fundamental Research on the other side of 
the subcontinent is much larger but has the 
same temper (and is the best equipped). 
TIFR as it is commonly known is 
essentially a creation of the late Dr Homi J. 
Bhabha (its first director) in the 1950s, 
when it was very much an offshoot of 
Bhabha’s Atomic Energy Commission. 
From the start, the objective has been to 
create a centre of excellence, and one 
whose international connections would be 
strong. 

The result is an institution that most 
closely resembles those in the West typified 
by the Institute for Advanced Study at 
Princeton University, even to the extent 
that the director for the time being reckons 
still to be a working scientist. (Professor B. 
V. Sreekantan, the present director, is a 
cosmic ray physicist.) Members of the 
faculty are mostly professors of the 
institute. Most other scientists are either 
fellows on three or five-year fellowships or 
students following the PhD course (but 
registered at, say, the University of 
Bombay). 

The research programme is osten- 
tatiously catholic. Mathematics is strong, 
especially in algebra and group theory 
(with a continuing interest in the 
prodigious stream of conjecture left behind 
by Srinivasa Ramanujan, the young Indian 
mathematician taken up by G. H. Hardy of 
the University of Cambridge in the 1920s). 
Theoretical physics runs to the esoteric — 





NATURE VOL, 308 12 APRIL 1984 


grand unified theories, for example — and 
theoretical astrophysics (which has J. V. 
Narlikar, Hoyle’s ex-colleague) to 
“‘quantum cosmology”. An experimental 
high-energy physics group which h 
operated a bubble chamber at CERN 
Geneva has now joined a collaboration 





| that will include a Chinese group to plan an 


experiment for the large electron-positron 
accelerator (LEP) due to be commissioned 
at Geneva in 1988. 

The underlying strategy is that a 
laboratory like this must keep up with all 
the Joneses, at least in the quality of what is 
done. The nuclear physicists at TIFR, 
lacking a large accelerator of their own, use 
the variable-energy cyclotron at Calcutta 
but are building an ingenious accelerator of 
their own from a bought-in tandem Van de 
Graaff machine and a superconducting 
linear accelerator whose twelve 
accelerating modules have been fashioned 
on the premises. Delay in finding out about 
the properties of nuclei is counterbalanced 
by what is learned about an advanced 
technology. 

So it is with the radioastronomy and the se 
balloon and satellite-borne astrophysics Ba 
the scale of operations is less than it might 
be elsewhere, but the operations are 
qualitatively no different. But the pursuit 
of excellence is impeded not by the 
difficulty of providing equipment but by 
the personal difficulties of working in local 
isolation (TIFR’s generous overseas travel 
budget notwithstanding), which is why the 
work of people such as Professor O. 
Siddiqi on the behavioural genetics of 
Drosophila may be as remarkable as 
anything else at the institute. 

Inevitably, TIFR and other free- 
standing institutes like it are widely 
criticized (what, in India, is not?) as ivory 
towers, detached from the country’s true 
problems. (Most of them have projects 
aimed at problems in development but the, 
design of a rural windmill or cooking stoy 
is hardly the price of a licence to be an 
academic of the international community.) 
So formal papers are written endlessly 
about fundamental research in developing 
countries. The most convincing argument 
is that the practice of international science 
in a country such as India is a proof to the 
others that it can be done, and thus an 
example to be followed, and that in due 
course these ivory towers will be invaluable 
when India’s gamble that it has a 
prosperous future pays off. 

How safe are these frankly elitist 
establishments? In the present climate in 
Delhi, there seems hardly a cloud on the 
horizon. As private foundations, they also 
enjoy the protection of the law (which does 
not, of itself, ensure their budgets). At 
present the most serious risk is that, in spite 
of the arrangements made for self-renewal, 
they may be undermined by the immobility 
that abounds. In the past fifteen years, 
even TIFR seems to have aged a little, not 
by the whole of fifteen years but perhaps by 
a third of that. E 
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- Universities 









he 


THE Indian university system is Certainly 
the largest in the world, but probably also 
the most chaotic: Some institutions are 





good. Most are afflicted by a host of prob- | 


lems — inadequate facilities, inadequate 
teachers, inadequate students, too many 
Students, too much external political 
influence,‘ academic nepotism (or even 
corruption), police brutality towards 
students, excessive concern for academic 
qualification and status, meaningless or 
even phoney research. The wonder is 
merely that so many young people survive 


_ the system, even wresting an education 





from it. 

In round numbers, there are three 
million students at roughly 120 Indian uni- 
versities — unambiguous definition is not 
easy — but undergraduate teaching at the 


THE difference between a pressure group 
and a ginger group is one of temperament. 
The earnest gaiety of the Indian 
Association of College-Going Scientists 
puts it squarely in the second category. It is 
a group of 2,000 bright science students 
whose objective is to persuade their elders 
to improve the quality of teaching in the 
universities, and meanwhile to persuade 


those same elders to give lectures on 


cosmology and molecular biology in Delhi 
and Bombay and who wage a running 
battle against superstitition in general and 
astrology in particular. There is no record 
of them having gheraoed a vice-chancellor 
in his office. 

The organizers are fresh-faced and 





x#tstly-dressed for revolutionaries. Indeed, 
leir own recruitment literature calls them 










“‘budding scientists’. Somehow they have 


persuaded bodies such as UGC and the 
Department of Science and Technology to 
help them out with modest grants, “ʻa 
thousand rupees here and there”. 

The ring-leaders are able young men who 
bubble with enthusiasm for science and for 


their cause, the reform of the educational 


system. Once a year they organize an All- 
India Congress at which about half the 
speakers are invariably from the older 
generation who, in the setting in which they 
find themselves, almost always commit 


themselves to the reform movement. 


CN. Srinivasan, the secretary at the 








as ociation, a Bombay MSc student in 


astrophysics, is eloquent about the need for 


change. His chief complaint is at the | 


rigidity of the examination system; there is 
no credit for knowing something about 
science but only for what is in the syllabus, 
with the result that those who can regur- 
gitate what they have learned at 


_ examination time perform well, while the | 
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ost chaotic education anywhere _ 


larger institutions is delegated to what are 
called affiliated colleges, of which there are 
nearly 4,500. Since independence in 1947, 
the system has grown with astonishing 
speed, by a factor of twenty or thereabouts 
when measured by student enrolments. 
Even so, the participation rate, the propor- 
tion of young people of the appropriate age 
finding their way into higher education, 
only a few per cent or so, is tiny compared 
with that in most industrialized countries. 
For some of the faults of the system, 
Indians can fairly blame the British occu- 
pation of India. Indeed, the general pattern 
of the Indian university was fashioned by 
the British administration in 1857, which 
in that year created three universities 
(Calcutta, Madras and Bombay) by 
adapting the formal organization of what 


College association makes a mark 


others are discouraged. 

The paradoxical result, the association 
says, is that there is a need to popularize 
science among the audience that should 
need this least, science students at the uni- 
versities. Whence the projects the associ- 


ation persuades its sponsors to let it under- 
take — after building a 30cm nitrogen laser | 


with the help of the Bhabha Atomic 
Research Centre, the Bombay chapter of 
the association now hopes to build a radio- 
telescope, with the help of TIFR (see p.590) 
at the Ootacamund centre. 

The running battle with the astrologers 
(in which the association is supported by 
people like P. M. Bhargava, (see p.588) is 
not merely amusing. While astrology is well 
entrenched in India, few will speak out 
against it, leaving a fruitful field to the 
association. With a publicist’s timing, the 
association put out a statement attacking 
astrology (and appealing to the press not to 
publish horoscopes) on 10 March 1982 — a 
day predicted by some astrologers to be a 
kind of doomsday. It earned from the 
Astrological Magazine the put-down that 
its president should address the ‘more 
onerous task of minding his own studies 
first rather than straying into unfamiliar 
grounds with a bee in his bonnet’’. 

The association is both admirable and 
astonishing. Why are such well-educated 
people so angry about the educational 
system? Their critics say that they are 
merely practising the skills they will need 
when they, too, join the establishment — 
how to run membership societies, 
congresses and so on. But the distinction of 
their well-placed backers Suggests the 


association has a more subtle function, | 


that of making public criticisms of the 
educational system that most people utter 


only in private. | E 











was then the University of London to- 
Indian circumstances. On this model, the 
university was simply an organization for __ 
setting examinations and for subsequently _ 
awarding degrees, Tak 

Administratively, this system had the a 
convenience that it could handle steadily _ 
increasing numbers of students without the ue 
central administration being disturbed by 
the need to write new charters for new insti- en: 
tutions. This same feature of the systemhas. o 
naturally made growth virtually uncon-. 
trolable in the decades since inde- as 
pendence. re. 

The same process is encouraged by the 
way in which financial responsibility for a 
the universities rests with state govern. 
ments (but seven institutions are supported 
centrally, through the University Grants oe 
Commission (UGC), while a few others __ 
depend directly on central government 
ministries). Local and regional demand for ce 
higher education cannot lightly be. . 
disregarded, while state governments may 
also calculate that the direct cost of oper- 
ating a new university (or of expandingan = 
existing institution) may be kept within ae 
reasonable bounds if others, charitable 
organizations or industrial companies, are 
persuaded to meet the cost of operating 
affiliated colleges. The consequence is that 
the UGS, which decides which universities 
can award degrees, has often been but a p 
pawn in a game played between centraland = 
regional governments, 

As things have developed, the larger- 
federal universities are more than mere 
degree-stamping organizations. The ae 
doctrine that research should be apart of 
higher education, widely established in 
India after the First World War, has led to 
the arrangement that federal universities 
should maintain academic as well as 
administrative staff, should award 
masters’ degrees and PhDs (after two anda 
further three years respectively) and that 
there should be a grant-awarding 


mechanism (through UGC and, more 
recently, through the Department of 


Science and Technology and other 
ministries) for the support of research. _ 

The consequences, for the temper of 
academic life, are curious. Many depart- 
ments in the better-organized universities : 
have all the appearance of being research =~ 
establishments, with graduate students 
working hard on the problems that engage - 
the interest of their supervisors and with 
little to remind those concerned of the. 
harsh realities of academic life — the need, 
in particular, that undergraduates should: 
be well taught. That, one senses, ‘is an 
administrative problem. ae. 

Thus one physicist at the University of 
Delhi (one of the seven centrally supported. 
universities) complains eloquently tha 
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One oasis of success in Bombay 


ONCE-Portuguese Goa is not much more 
than 200 miles south of Bombay, which is 
part of the reason why a Jesuit educational 
foundation is one of the hundred or so con- 
stituent colleges of the University of 
Bombay. St Xavier’s College was begun in 
1869, soon after the university itself, but is 
hardly the place at which to see the weak 
link of Indian higher education, the down- 
at-heel affiliated college, at first hand. In 
reality, the college boasts that more than 90 
per cent of those entering for their final 
undergraduate examinations are awarded 
degrees. In science subjects, more than half 
of the degrees awarded are in the first class. 

The college is, however, a splendid illus- 
tration that high-quality education is pos- 
sible even in gothic buildings which are 
chiefly a monument to the optimism of 
their Victorian architects. Worn stone 
steps have been fitted into the ornamental 
turrets, science laboratories have oriel 
windows, the library looks like a chapel 
and as much as possible of the downtown 
campus is covered with ivy. The Jesuits 
have the advantage of continuity. 

Inevitably, the competition for entry is 
fierce. Selection is by the marks awarded in 
school-leaving examinations, but the 
college gives preference to those from 
Roman Catholic schools (and to the 
children of former students). Sport is 
applauded, and there is a two-year junior 
college for those needing to complete their 
preparation for a degree course. 

Success seems to derive from the 
intimacy of the place. Dr (Miss) Y.M. 
Freitas, head of the department of micro- 


“students from the colleges these days are 
no good”. Their preparation in physics 
and mathematics, he says, is second rate, 
with the result that the good students opt 
for management and business studies 
“where anyway the salaries are better’ ’, He 
regrets the lack of opportunity for teaching 
undergraduates, or for influencing their 
teaching. 

‘What nonsense!’’ says his vice- 
chancellor, Dr Gurbakhsh Singh, who goes 
on to say that the academics at the central 
university are well placed to determine the 


curriculum and who would almost. 


certainly be welcome if they chose to spend 
time teaching at the colleges. Reality is not 
quite so simple, given the jealousy with 
which the colleges guard their autonomy. 
The disagreement rather reflects the 
common academic view that the teaching 
of undergraduates is a demeaning occu- 
pation. (College teachers are, in any case, 
paid even less than those employed 
centrally, and are less likely to enjoy the 
gift of a subsidized bungalow on the 
campus grounds.) 

The colleges affiliated within the ambit 
of federal universities are usually a mixed 
bag. Some, perhaps early nineteenth 


_ century missionary foundations (see 





abow , predate the universities to which 


biology, explains that it is customary for 
members of the staff to worry over the per- 
formance of students as if they were all 
prize students (as indeed, given the com- 
petition for places, they are). But even if it 
were not for the university ordinance res- 
tricting student entry (to about 550 for the 
first-year degree courses), there would be 
no room for larger numbers. 

Teaching science in these circumstances 
is a constant headache, but the science 
departments are proud of the way in which 
they have fashioned a large laboratory- 
cum-classroom, perhaps 12m x 8m, for 
their new life science course. The black- 
board earlier this year was decorated with 
what was obviously part of an explanation 
of DNA. The cost of experimental work 
for students is a continuing worry. 

So could the central university provide 
more? The general opinion seems to be that 
the university has in the past few years 
shown welcome signs of flexibility. 
Teachers (at least from this one college) can 
if they are energetic hope to influence the 
development of the curriculum. But the 
university, which specifies in detail the 
syllabus that degree students must cover, 
could be more active in helping to put flesh 
on these bones by providing demonstra- 
tions of how this material could most use- 
fully be taught. Access by college teachers 
for their own research to equipment 
located centrally is, however, being 
improved, while there is a general welcome 
for the proposal — not yet a fact — that 
within the University of Bombay the first 
of the three annual examinations required 


they belong. Others may be much more 


recent, perhaps founded and for practical | many universities, students 


purposes managed by industrial companies 
which have calculated that there are 
political or even financial benefits to be 
won by demonstrating to a state govern- 
ment a willingness to help the provision of 
higher education. 













for a first degree should be left to the 


colleges. (The task of administering these 
examinations centrally is gigantic at all the 
federal universities, some of which recruit 
part-time helpers for the purpose.). >: y 

A greater measure of autonomy would | 
probably not be welcome, at least in such a 
small institution, if only because the 
faculty , fewer than a hundred covering arts 
and science, is hardly large enough to 
pretend to be a university faculty. But at 
least some members of the teaching staff, 
many of whom have been able to keep alive 
their research interests in these difficult 
circumstances, resent being paid less 
(Rs600 a month) than members of the 
university proper. (They also complain of 
the fly-by-night colleges within the 
university, where shoestring budgets mean 
that teachers are paid even less.) 

Proof that St Xavier’s is far from fly-by- 
night is to be found in the Blatter Her- 
barium, by common consent the largest 
collection of the plants of north-west 
India, begun in the nineteenth century by 
Father Ethelbert Blatter, a Swiss Jesuit 









who was principal of the college from” 


1919-24. The herbarium is now reached by - 
climbing the steps in one of the wedding- 
cake turrets. It consists, as such collections 
do, of pressed dried flowers and plants in 
folders that can be retrieved by reference to 
a card index. (Mrs Saramma Almeida, who 
looks after the collection, does not think it 
will be possible soon to obtain a micro- 
processor to keep the catalogue.) But the 
collection has been and no doubt will still 
be the focus for continuing research — 
something else by which to be distinguished 
among the affiliated colleges. g 


of people and of resources for example. At 
may register 
for a degree and, three years later, take the 
appropriate examinations, without in the 
meantime having signed on with a college». 
The general complaint is that colleg. 
education consists largely of rote learning, 
the more particular complaint that learning 






Students embarking on higher education | by heart is practised within a curriculum 


are thus able to choose from a diversity of 
undergraduate colleges. Entry to the 
“better”? colleges is difficult, especially 
now that many universities (that of 
Bombay for example) specify the numbers 
of students that colleges may takein. At the 
other end of the spectrum, the eye of the 
needle is wide enough to accommodate 
most of those who wish to pass through. 
Often, local politicians and other 
influential people are able to subvert 
prescribed entry regulations in the interests 
of their protegees. 

The quality of a college education, even 
within a federal university, is in the circum- 


+ 


which is out of date, inflexible and un- 
demanding. The knowledge and intellec- 
tual capacity required of students gradu- 
ating from run-of-the-mill universities in 
India exceeds that of 18-year-olds leaving 
British high schools with qualifications in 
specialized ‘‘Advanced’’ or A-level 
examinations, but not by much. The repu- 
tations of the best colleges stem from their 
capacity to provide a much better 
education. 

This inhomogeneity is.one of the reasol 
why some universities are cautiously allow- 
ing their stronger affiliated colleges a 
measure of autonomy, over the curriculum 


stances patchy. The capacity of a university for example, within the university as a 


administration to influence and to improve 
will often be limited not only by its pre- 
occupation with other matters but by the 
degree to which individual colleges enjoy a | 
measure of financial independence as well | 
as by more familiar constraints, shortages 


whole. The University of Madurai, in the 
far south, now has four colleges linked with 
the university in this way. For the distant 
future, these institutions are potentially 
universities in their own right. But that 
prospect is still a very long way off. 
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Meanwhile, the college system remains 
the Achilles heel of the university system, 
the means by which standards are deter- 
mined by those of the weakest. The social 
„and political pressures ensure that degrees, 
ecessary qualifications for senior govern- 
ment appointments, cannot be withheld en 
masse. But the colleges are also the 
Principal seats of political unrest within the 
universities. 

By comparison, the graduate schools of 






the federal universities are comparatively | 


serene (although this is not the case at ex- 
clusively graduate universities such as the 
Jawaharlal Nehru University at Delhi, 
repeatedly closed either by students or the 
authorities in the past few years). Two-year 
MSc courses yield qualifications necessary 
for more elevated government appoint- 
ments and themselves feed into three-year 
PhD courses., Broadly speaking, the 
students function as the arms and legs of 
university research. 

The size of these central departments can 
be huge by standards established else- 
where. The botany department at the Uni- 
“versity of Delhi, for example, consists of 
`: more than 200 people, more than half of 
them graduate students. The result is a 

sense of scholarly mass-production. 

Not all the universities are like this. 
Madurai-Kamaraj University in Tamil 
Nadu (the huge state of which Madras is the 
capital) was separated from the University 
of Madras less than twenty years ago, 
taking under its wing roughly 100 colleges 
previously affiliated to Madras. Like many 
other Indian universities, but more success- 
fully, Madurai runs a correspondence 
course college for those unable to be full- 
time students. 

The university’s chief claim on public 
attention is, however, its school of bio- 
logical sciences, widely spoken of through- 
out India as an up and coming place. The 

ret seems to be a relatively young 
“faculty, many of whose members are con- 
scious of the need that their work should 
stand comparison with what is being done 
elsewhere, a tradition that senior scholars 
discuss their work with each other and the 
willingness of these same people to boast 
about their junior colleague’s work. How 
long, one wonders, will the Grand Old Man 
syndrome, every full professor’s belief in 
himself as some kind of fountainhead of 
wisdom, be kept at bay? 





ATE, 





This one department shows how suc- 


cessfully it is possible for a well-run depart- 
ment to make use of the government’s 
generous support of scientific research 
ghrough, for example, the Department of 
cience and Technology. So why are not all 
departments like the Department of Bio- 
logical Sciences at Madurai? Much 
depends on the people, much on the local 
bureaucracy. One academic complains that 
even when he has won a grant to carry out 






some piece of research, he then has to | 


negotiate with the university admini- 


stration for ‘“‘permission to spend Rs100 
.. from the money sitting in the university’s 





| ‘Bangalore, originally a Tata 
(like the Tata Institute of Fundamental 


SCIENCE IN INDIA ————— a “9 


2.000 





No. of doctorates awarded 





' 


1973-74 1974.75 1975.76 1976-77 1977-78 1978-79 | 


Science 





Engineering tech. 
Medicine 
Agnculture 


Veterinary science a 






979-80 


HE 
{ 


Doctorates awarded in Indian universities and colleges from 1973-74 to 1979-80. The total | 
awarded increased by 65% in this period, but for the sciences the increase was almost 70%.. 


bank account. 

Sheer size is often the excuse for the 
obtrusiveness of the administration, but 
even small places are not always free from 
the paperwork peril. Size is also, of course, 
the enemy of quality, which is why there is 
growing interest among Indian academics 
in smaller institutions in which under- 
graduates and graduate teaching live side 
by side. There are three groups of institut- 
ions of this kind, typified by the five Indian 
Institutes of Technology (set up in the 
1960s with financial support from overseas 
governments), the Indian Institute of 
Science at Bangalore (a distinctive instit- 
ution dating from 1909) and those among 
the regular universities — the Jadavpur 
University in Calcutta, for example. 

The institutes of technology (known 
everywhere as the IITs) are frankly 
intended as the Indian equivalent of the 
Massachusetts Institute of Technology 
(MIT). By all Indian standards they are 
enormously successful institutions. 
Student entry is by a national competitive 
examination among 80,000 high-school 
students every year. Success requires that a 
student should have spent 12 years in 
school (on the pattern now known as “10 
plus 2”, analogous to the English system in 
which two years of ‘advanced level” 
teaching follow the general high-school 
course). Student entry is strictly limited, 


courses are almost exclusively techno- 
logical (but there is talk at some of these 


institutions of a leavening of humanities or 


| Social science) and the universities are both | 


attractive and well equipped. . 


The snag is that a large proportion of 
_those who graduate: promptly emigrate, at 


least for a time. Meaningful figures are not 


easily come by, principally because there is _ 


no way of knowing how many of those who 
move Overseas after graduation return with 
still better qualifications. But many in 
India shake their heads over what is 
happening, and agree with the academic 
who says that the “IITs are India’s most 
generous gift to the United States’’. 

The Indian Institute of Science at 
‘Tata foundation 





Research at Bombay) is both a research 





institute and a university. Thestudentbody __ 
numbers just over 1,000, of whom more Se 
than 80 per cent are graduate students. As os 
at the IITs, the educational programme is Sie 
largely technological, with the handful of = 
undergraduates following courses leading =~ 
to a degree in engineering. The complaint 
that graduates leave for overseas once the 
ink is dry on their degree certificates is 
almost non-existent, perhaps because 
those concerned have been given. not 
merely a saleable education but a degree of 
engagement with the practice of science 
and technology in India. 

Bangalore is widely admired, not least 
because of the numbers of its graduates 
who now occupy senior positions elsewhere 
in Indian academic life. The small scale of 
the institute makes it manageable, while 
the generosity of support from the Univer- 
sity Grants Commission (more than RsS0 
million a year) and from the grant-making 
agencies makes it possible to sustain a 
research programme of high quality. The 
institution seems more like California 
Institute of Technology than MIT. 

Bangalore has also been fortunate in its 
directors. The present director (due to 
retire in the next year or so), Professor 
Sivaraj Ramaseshan, is a perceptive physic- 
ist with a background in crystallography 
(with Professor Dorothy Hodgkin at 
Oxford). Ramaseshan, now also president 
of the Bangalore-based Indian Academy of 
Sciences, is widely respected for his zealous 
defence of academic standards at Banga- 
lore over the past decade. By his colleagues’ _ 
account, his success stems largely from the 
encouragement he provides for heads of — 
department and less exalted academics at - 
the institute, in sharp contrast with the — 
habit of most of those with administrative — 
responsibility of reminding their colleagues E 
of their subordinate status. TE 

Even so, Bangalore has not entirely . 
escaped the creeping bureaucracy. One 
senior academic at the institute, who 
returned last year to India after fourteen 
years in North America, says that he had 
resolved at the outset to keep his mornings. 
free for research and to set aside the afte 
noons for administration. In the event, h 
has found that administration accounts fo 
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90 per cent of his time, and that he has no 
choice but to spend the morning sitting in 
the offices of the administrators: ‘‘they 
aren’t there in the afternoons’’. Will this be 
another case of a returned emigrant whose 
enthusiastic patriotism is dashed by the 
system, and who stays only briefly? 

The universities in the strict sense still 
within the system but which have resisted 
the pressures for growth resemble the other 
institutions of high quality that stand out 
like sea-mounts from the general back- 
ground. Jadavpur University (Calcutta) 
has its roots in the upswing of Bengali 
nationalism in the 1900s, and in the form- 
ation of the National (or Bengali) Council 
of Education. Towards the end of British 
rule, the nascent university was a thorn in 
the side of the authorities. Now it has fewer 
than 4,000 students, a campus looking like 
a university campus and with a substantial 
amount of student accommodation and a 
teaching programme (graduate as well as 
undergraduate) slanted towards science 
and technology. The Liverpool-trained 
vice-chancellor, Dr Monindramohan 
Chakrabartty, is determined to keep the 
university small, claiming the support of 
the Government of Bengal to this end. 

The success and failures of the Indian 
university system point clearly to the 
underlying dilemma. In education and 
research, small institutions can succeed, 
fully justifying the widespread conviction 
in India as elsewhere that the institution of 
the university can be both a source of 
skilled people and a humane influence in 
society. If the pursuit of quality were un- 
divided, it would be clear how the system 
would develop. But the demand for higher 
education is insatiable, politically 
irresistible and, in any case, socially 
equitable and necessary. 

The central government seems aware of 
the problems, although it may not fully 
appreciate their consequences. Attempts 
are being made, by the UGC and other 
agencies, to discriminate in favour of the 
better institutions, but political interests, 
especially those of state governments, 
work in the direction of even-handedness. 
Nepotism, both in the selection of students 
and their graduation and in the appoint- 
ment of teachers is known to be rife, yet if 
politicians are able to be appointed even to 


the staffs of the seven central universities: | | 
(see p. 595), the chance of rooting them out | | 


from the other universities must be small. 

The central government’s capacity to 
shape the system is constrained by the cir- 
cumstance that state governments (and 
students by their payment of fees) meet the 
running costs of all but the central uni- 


versitites. Even the best institutions could 


be ruined overnight by a feckless decision 
‘of a regional education minister. And the 
openness of the Indian political system 
makes it hard to see how there could be an 
understanding between the central govern- 
ment and the states about the universities 
where controlled growth would be en- 
couraged over a period of yearsahead. D] 
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N INDIA 
Technology institutes 


Single-minded exceptions to rule 


THE simplest way of recognizing that a 
university campus is that of one of the five 
Indian Institutes of Technology (IITs) is to 
look for several acres of manicured lawns 
and a group of buildings characteristic of 
academic architecture of the 1950s and 
1960s — post-Corbusier concrete, glass 
and occasional murals. The Delhi campus 
is notable for the rock outcrops sticking up 
from the vast lawns, that at Bombay for the 
canopied walkways that protect people 
from the monsoon. 

Academically, the five institutes are dis- 
tinguished by their selectiveness and by 
their four-year undergraduate courses. 
Their existence stems from a report to the 
Government of India by the Sarkar 
committee in the 1950s, which argued the 
need for engineering institutions along the 
lines of those in the United States, main- 
land Europe and the Soviet Union, At the 
outset, overseas governments played an 
important part in the foundation of the 
institutions. The United States helped to 
launch the IIT at Kanpur (Uttar Pradesh), 
Britain that at Delhi, West Germany that at 
Madras. Kharagpur (West Bengal) is an 
indigenous institution and that at Bombay 
owes its origins to help from Unesco and 
the Soviet Union. As Indian universities 
go, the IITs are small, mostly with fewer 
than 3,000 students (of whom a third will 
typically be graduate students). 

Professor A.K. De, still last month the 
director of the Bombay IIT, attributes the 
success of his and comparable institutions 
to the scale on which they are financed. The 
annual budget exceeds Rs70 million, more 
than 80 per cent of it direct from the 
Ministry of Education and Culture (not the 
University Grants Commission). Research 
and contract income is a growing pro- 
portion of the total. Student fees are small 


~h 


ITT’s concrete and glass. 


| 





and contribute negligibly to the univer 
sity’s budget. 

De emphasizes the importance of the 
autonomy of the IITs, which are free from 
interference from both state governments 
and from the centre (except in respect of 
student entry). The ITTs nevertheless 
collaborate with each other in the provision 
of a national examination for those who 
have spent the two ‘‘extra’’ years at high 
school. (At Bombay, they hope to phase 
out the last of the students recruited after 
only 10 years of school education by 1985.) 

Autonomy (and reputation) give the 
institutions the opportunity to select 
members of staff competitively, and by 
methods not very different from those used 
in the West. Potential members of staff are 
invited to give a seminar, and decisions 
about new appointments are discussed 
among the existing faculty. 


The undergraduate curriculum: isp 





leavened (to the tune of 8 per cent in time — 
spent) by humanities and the social 
sciences, while basic science takes up 32 per 
cent of the full four-year course. Work- 
shop training is an essential part of every- 
body’s course, but Bombay has set its face 
against ‘‘sandwich’’ courses in which 
students intercalate a year at work with 
regular academic work. (The engineering 
profession in India requires that a graduate 
should complete 18 months of work 
training before becoming qualified.) 
Bombay offers the traditional engineer- 
ing courses, but has found in the past few 
years that computer science is in the 
greatest demand. The institute operates a 
computer centre and at the end of last 
financial year was negotiating with the 
Government of India for the funds to. 
purchase a Cyber machine — because the 
telephone system cannot handle data 
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reliably, the HT can use the Cray machine 
at the Tata Institute of Fundamental 
Research only by having its staff fight with 
the bullock carts and overladen trucks 
along the 25 miles of highway to the city. 

By De’s account, the success of the IITs 
_ is measured by the way in which their 
_ graduates are able to command jobs before 
they graduate. “Every student has a job, 









some of them have two or three lined up.” — 


On the contentious question whether the 
IITs are a device for exporting India’s 
talent, De estimates that 20 per cent or so of 
graduating students go abroad immedi- 
ately, but that the proportion may be as 
great as 80 per cent among computer 
science graduates. 

Overseas links in the other direction are 
less conspicuous, at least at Bombay. The 
capital and equipment used in the founda- 
tion of the Bombay IIT came almost 
entirely from the Soviet Union, both 
directly and through Unesco. But the 
Soviet influence is not now apparent, 
according to De. (The ‘‘British’’ IIT at 
Delhi has, however, been diligent in 
forging newer links with European insti- 


tutions in France, Switzerland and West 


Germany.) 

Nor is Bombay keen on overseas evalu- 
ation of its educational programmes. 
External evaluation of courses would be 
expensive and, in any case, “we want to 
know what the students have learned, not 
what they know’’. De emphasizes the 
importance of the flexibility that derives 
from the autonomy of the IITs, saying that 
his faculty can change what it teaches 


Central universities 





quickly, ands so keep up with the develop- 
ment of engineering techniques elsewhere. 

The self-confidence of the IITs seems 
formidably recognized in their growing 
links with Indian industry. De says that 
industrial companies began to recognize 
their importance in the 1970s, with the 


result that the Bombay institute now earns 


some Rs8 million a year from industrial 


research and development contracts. As 


elsewhere, staff at the institute are 
encouraged to take on industrial consul- 
tancies, and are allowed to keep 70 per cent 
of what they earn within a limit of roughly 
one year’s salary. 

So, if the IITs are a big success, why not 
have more of them? As things are, they 
produce fewer than 2,000 graduate 
engineers a year between them. De con- 
siders this to be a question of resources. In 
previous decades, he says, the government 
“has poured money” into the development 
of national laboratories such as those 
operated by the Council of Scientific and 
Industrial Research. Investment in institu- 
tions such as the IITs might have been 
wiser. 

And what can specialized institutions 
such as these offer India as a whole? In the 
long run, De says, their crucial function is 
to help redress the balance of the import- 
export trade, still weighted against India. 
And even the problems of development in 
India may in the end require high- 
technology solutions, which is why De 
welcomes the grant from the State Bank of 
India for the establishment of a chair in 


development studies. a 


Breeding ground for violence? 


NEPOTISM, disorder (even violence) and 
maladministration are rife even in the seven 
“@niversities supported directly by the 
“Government of India. This is the sad con- 
clusion of the committee of inquiry into the 
working of the central universities, which 
reported at the beginning of this year. One 
measure of the importance of the inquiry is 
that the committee’s chairman was Mrs 
Madhuri Shah, the chairman of the Uni- 
versity Grants Commission (UGC) which 
administers the budgets of the seven uni- 
versities. 

The central universities are intended to 
be national institutions. Three of them — 
the University of Delhi, the Aligarh Mus- 
lim University and the Banaras Hindu Uni- 
, versity — acquired that status before inde- 
< ¥pendence. Visva-Bharati, an institution for 

~ Music and the arts, was recognized as of 
national importance in 1951. The Jawahar- 
lal Nehru University was founded asa post- 
graduate institution in 1969, the North- 
Eastern Hill University in 1973 (to meet the 
needs of the small states in the north-east of 
India) and the University of Hyderabad in 
1974 with the objective of encouraging 
interdisciplinary teaching and research. 






The problems with which the inquiry was 
concerned are typified by the statement in 
the report that a visit to the University of 
Delhi planned for 7 October 1982 could not 
take place ‘‘in view of the strike in the uni- 
versity’, that statistical information on the 
numbers of teachers in post could not be 
supplied by some of the universities and 
that its attempt to discover what the 
government had done about the recom- 
mendations of an earlier comparable com- 
mittee in 1968 was met with the reply that 
“*despite best efforts. . . we have not been 
able to locate the relevant file . . . but our 
efforts are continuing’’. 

With the exception of the Jawaharlal 
Nehru University (in Delhi), none of the 
universities seems to be functioning as a na- 
tional institution. The practice of the Ali- 
garh Muslim University of recruiting 80 per 
cent of its students from the state (Uttar 
Pradesh) in which it is located is typical of 
what happens at other central universities. 
The committee of inquiry is constantly un- 
easy about the practice of most universities 
of reserving up to 20 per cent of the avail- 
able places not merely for the socially dis- 
advantaged groups known as the Sche- 
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duled Castes and Tribes but for the sons _ 
and daughters of their own employees. a 

Especially where the universities Operate. 
high schools of their own, the benefit ate oi 
crues mostly to “children of the univer- 
sity’s own staff and their dependants”? who 
then “‘pedal their way up to postgraduate 
courses, research programmes and then on 
to teaching posts’’. The admission of stu- 
dents “‘at the discretion of the vice-chancel: 
lor’? is a dangerous source of external influ- 
ence on universities, while the failure ofthe 









Jawaharlal Nehru University to check on. 
bogus” certificates of performance typi- 
fies another weakness. The inquiry pleads 
that universities should determine theirs. 


dent capacity objectively and stick by the 
targets thus arrived at. ease 
The charge of academic inbreeding is . 
sustained by statistics for staff recruitment 
at the central universities. Between 19750 
and 1981 for example, 75 of 80 academics 
appointed professor at the Banaras Hindu n 
University were internal candidates, aso 
were 90 per cent of the 177 readers appoint- 
ed during the same period. At thesameuni- 


versity, 73 per cent of newly appointed lec. 


turers during this period were from within 
the university, where they had been either 
research fellows or teachers employed ona 
temporary basis, whose qualifications do 
not have to meet the standards promul- 
gated by UGC. The inquiry deplores re- 
ports that heads of departments have often 
made decisions about new academic 
appointments before the statutory selec- 
tion committees have deliberated. 

The inquiry gathers some disturbing evi- 
dence of the work practice of academics. 
The UGC scheme whereby up to 10 per cent 
of college teachers may have three years’ 
leave on full pay seems widely abused: in 
the evidence by one college principal (un- 
named and now retired): 

“The leave is availed of but no degree or 
no concrete work done in the period is pro- 
duced; and there is nobody to call the de- 
faulters to account. There are several cases 
in my college of 3 years leave taken and no 
work done. . . it practically means a 3-year 
paid holiday. Research has become a cloak 
for many malpractices and much waste of 
public money .. .”’ 

he inquiry notes that even at the Uni- 
versity of Delhi, right under its own nose, 
“repeated requests” for information on 
the operation of the Faculty Improvement 
Programme have yielded nothing. 

The work-load of a college teacher seems 
not especially onerous. On one calculation, 


a college teacher may work for no more. . 


than 64 days a year after allowance for en- 
titlement to days off and for the disruption 
caused by strikes. Yet the inquiry endorses _ 
the complaints of some of its witnesses that 
“teachers come for their lectures and rush © 
away after them so that there is no oppor- 
tunity for students to meet them. . . after _ 
1.00 p.m. the college is like a graveyard’’. 

This vacuum is a fertile breeding-ground | 
for violence. The report of the inquiry has: 
several graphic accounts of student 














troubles sparked off by attempts to disci- - 
pline individual students, accusations of 
sexual harassment against teachers and, 
commonly, about hostel accommodation. 


The result — ‘‘the agony experienced by 
these universities is unmeasurable, and it is 
destroying the fabric of the system’’. 

The special Indian student technique of 
intimidation is the gherao. A crowd will oc- 


a cupy the office or house of a professor or 


vice-chancellor, crowd him into a corner 
and shout abuse at him for hours or even 
days on end. In March last year, the vice- 
chancellor, rector and acting registrar of 
the Jawaharlal Nehru University were cor- 
raled for 48 hours and ‘‘could not eat or 
sleep” until the police were called, the ring- 
leaders arrested and their fellows provoked 
to a ‘‘rampage’’ after which the university 
was closed for several months. 

The causes of these disputes, the inquiry 
says, lie in the failure of the universities to 
determine who shall be entitled to live in 
student hostels, with the result that scarce 
lodging space is used by people without 
substantial connections with the academic 
institution but who often have a vested in- 
terest in agitation, the lack of a corporate 
sense of an academic community, the dila- 
toriness of administrations in dealing with 
grievances of individual students and the 
neglect by academics of their responsibili- 
ties for teaching and discipline. 

The inquiry does not endorse the com- 
mon view that student troubles would go 
away if only the universities could be rid of 
politics and politicians. Liberally, it says 





thinking eee should be politically en- | 


gaged. But the inquiry finds that the poli- 
tical activity which it has witnessed on the 
campuses of the central universities ‘‘is ofa 
degenerate nature which is a blot on the 
concept of politics’’ and may be held to be 
the ‘‘politics of expediency”. 

On the involvement of the political 
parties on university campuses, the inquiry 
deplores the use of party organizations to 
prevent disciplinary action by university 
authorities, for example against students 
who may have ‘‘copied in the examina- 
tions”, and the ‘‘politics of corruption’’ by 
means of which money is used to buy votes 
or to harass the authorities. 

The inquiry also notes that academics 
are not above using their political connec- 
tions to further their own ends, as when 
they have a financial interest in a purchase 
to be made by a university or are aggrieved 
that they have not been appointed to some 
post. The deliberate use of groups of agita- 
tors to provoke confrontations with uni- 
versities and the police is said to be a com- 
mon way of prolonging university dis- 
putes. 

The inquiry’s remedy for this state of af- 
fairs is hortatory — let the ‘‘mature’’ poli- 
tical parties exercise restraint, not seek to 
provide political support for groups within 
a university who may be working against a 
vice-chancellor or the administration and 
let government ministers not seek univer- 
sity posts on their own account. The 
principle is admirable: but will the 
exhortation be heeded by those to whom it 


that it is inevitable that a ‘‘community of | is addressed? C 





Grants Commission 


Hoping for consolidation 


Dr Madhuri Shah, the first women chair- 
man of India’s University Grants Commis- 
sion (UGC), has three outstanding qualifi- 
cations -- a background in the Bombay 
educational system, an unaggressive direct- 
ness that wins the respect even of her critics 
and the personal support of the Prime 
Minister, Mrs Indira Gandhi. All three are 
important but the last is essential. 

She is ready to acknowlege that the In- 
dian universities are ‘‘a problem” but is un- 
willing to use more emphatic words. She 
asks that visitors should also understand 
that the ‘‘hopes and aspirations” of the 
people for higher education cannot in- 
definitely be denied. 
| -Constitutionally, UGC, modelled on 


Faa used to be the comparable organiza- 


7 tion in the United Kingdom, is meant as a 
` buffer between the central government and 
the universities. While the chief conduit for 


central government spending on the uni- 
< versities, UGC is emphatically not a part of 
o the government. But equally, and in con- - 


E trast with the analogous organization in 


M Britain, UGC has no financial control over 
-individual universities, with the exception 


of the seven central universities (see above). 


The result is that it must function by the ex- 
ercise of its statutory powers (which are to 
certify that institutions are worthy of uni- 
versity status), by exhortation (of central 
government as well as of the system) and by 
using its discretionary funds to provide in- 
centives. UGC has carrots but no sticks of 
its own, 

Mrs Shah’s hopes for the years ahead 


turn chiefly around the way in which the | 


growth of the university system has recent- 
ly slackened. For most of the period since 
independence, the rate of growth has been 
13.5 per cent a year, but in the past five 
years the rate has been merely 3.5 per cent. 
This provides a breathing space. 

But even so, qualitative change con- 
tinues. Universities are being compelled to 
redesign courses under the influence of 
“feedback from the employment market’, 
perhaps explaining why some once-strong 
departments are less able than in the past to 


recruit talented students. Mrs Shah agrees ° 
that the physics department at the Univer- | 


sity of Delhi, for example, may be suffering 
in this way. 

Meanwhile, UGC is seeking to capitalize 
on what is already excellent within the 
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system it oversees. The chief instrument is 
the system where university departments 
can be designated as centres of advanced 
study for periods of fifteen years at a time, 
and given extra funds for staff and research 
support. The hope is that at least a propor- 
tion of these will become so much admired _ 
nationally that they will attract academics 
from elsewhere in spite of the principal 
obstacles to academic mobility — housing 
and schooling — and so be able to practise 
what UGC is always preaching at them — 
the selection of academic staff on merit 
from the national pool of talent. The 
scheme has been operating for a decade 
now, but began only tentatively, so that it 
may be too soon for evaluation. 

This observer’s impression is that the 
scheme has backed losers as well as win- 
ners. The chosen departments, hitherto 
exclusively in science, are proud of their 
distinction but some at least seem to have 
rested on these now ancient laurels. Larger 
resources spent on even fewer centres 
might be a good investment. 

More recently, UGC has set out to im- 
prove the availability of modern equip- ,.. 
ment by setting up 54 regional equipment: 
centres (such as that at the Bose Institute in 
Calcutta, see p.590) to which academics 
from a wide area may have access. The 
scheme seems to work reasonably well 
{even though at least one of these centres 
still seems to have a good deal of its equip- 
ment in packing cases). Users of the equip- 
ment (or their universities) pay fees on a 
scale that would excite the envy of investi- 
gators elsewhere. The plan is to set up com- 
puter centres (there are three already) along 
similar lines, but Mrs Shah is anxious to 
point out that ‘‘the sky is not the limit”. 

For the encouragement of people, UGC 
is now also fostering a National Talent 
Scheme to provide postdoctoral support 
for mathematicians and scientists. There 
are about 100 fellows now; Mrs Shah. 
would like to see 500. At the other end of- 
the age spectrum, there is a new scheme for 
giving up to 100 academics the distinction 
of ‘‘professor of eminence” and an extra 
Rs500 a year (roughly a third of the cost of 
a Nature subscription) to go with it. In the 
hope to tempting back Indian emigres, 
for a year or more, UGC offers stipends of 
Rs3,000 a year to visiting professors, who 
will probably be provided with housing and 
the costs of air travel by the universities 
concerned. 

On the organization of universities, Mrs 
Shah would indeed like to see closer links 
between university departments and the 
government laboratories scattered over In- 
dia. She is pushing for autonomy for more- 
of the constituent colleges of the federal 
universities.as well as for an understanding 
that. vice-chancellors should be appointed 
for fixed terms of five years (so that they 
will not become the hostages of local politi- 
cians when canvassing for a second term). 
She says she will require that heads of uni- 
versities should not in future be members 
of the committees appointing less senior 
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members of their staffs, but there is some 
doubt whether this can be enforced. 
One of Mrs Shah’s concerns is that there 
should be better coordination between 
UGC and the Department of Science and 
# Technology, if only so that the two organi- 
“gations can work together in the selection 
of centres of excellence. She will be *“nres- 
sing’’ for UGC representation. 
Meanwhile, UGC seems not to be ham- 
strung for the odd crore or two of rupees, 
One evening, the vice-chancellor of the | 






Food science 


Diet for seven-hundred million 


IF Hindus avoid beef and Moslems pork, 
there is always mutton? Not necessarily, in 
a country where a large proportion of the 
population is vegetarian. 

These are some of the reasons why food 
research in India, like many other fields of 
research, must tackle problems of its own, 
And this is partly why food research — 
.. post-harvest technology — has prospered 

‘Pin the wake of the Green Revolution. 
Another is the importance of many crops, 
from cashew kernels to natural oils — in 
India’s export trade. 

The Council for Scientific and Industrial 
Research (CSIR) is one of the chief spon- 
sors of this research, through three of its 
regional research laboratories (at Jammu, 
Hyderabad and Trivandrum). There are 
also specialized centres such as the Tea 
Research Association (Calcutta) and the 
National Dairy Research Institute. The 
chief focus of much of this research is the 
CSIR Central Food Technological 
Research Institute (CFTRD in Mysore. 

Established in 1950 in a former palace, 

CFTRI is probably now the largest institute 
of its kind in the world. Together with 
research, it takes part in international 
Wievelopment and training programmes 
‘(flour-milling with Switzerland, abattoir 
technology with Denmark), and is also a 
kind of extension service for food tech- 
nology. Thus it runs a national information 
service, publishes a monthly abstract 
bulletin, a bimonthly newsletter (in 
English, Hindi and Kannada) and pro- 
fessional journals such as Indian Food 
Industry and the Journal of Food Science 
and Technology, and a series of free 
brochures and booklets on new develop- 
ments. It takes on sponsored research for 
industry (on a non-exclusive basis) and has 
Out-stations at Ludhiana, Lucknow, 
_ Nagpur, Bombay, Hyderabad and 

Mangalore. It now has a staff of about 900 
including some 250 scientists and 350 tech- 
icians, and an annual expenditure of over 
Rs20 million. 

The first aim of CFTRI’s charter is 
the “maximum utilization of available 
scientific and technological knowledge 
with necessary modifications to suit our 
socioeconomic needs”. Much research at 
CFTRI is, indeed, conditioned by India’s | 


| 
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University of Delhi confided that he had 
been a little startled to hear just a few days 
earlier that UGC had given him an extra 
Rs30 million, two-thirds of it for building 
faculty housing. Mrs Shah explains that she 
has ingeniously set up a kind of finance cor- 
poration from which housing funds can be 
borrowed and repaid out of the rents that 
academics pay. The other Rs10 million is 
no doubt a measure of the agreement she 
has won from the central government that 
the universities do deserve support. ae 








specific dietary customs and problems. 

It was long believed, for example, that 
malnutrition in India was associated with 
the vegetarian diet of strict Hinduism and 
was due, first and foremost, to a lack of 
protein. But it is now established that the 
protein content of an Indian vegetarian 
diet (in the form of milk products and 
pulses) is more than sufficient — provided 
that the family budget can run to it. The 
main problem of India’s poor is not a lack 
of protein, but of all types of nutrients, 
including carbohydrates. Indeed, since 
strictly observant Hindus come mostly 
from formerly high-caste and therefore 
Prosperous families, malnutrition may 
even be less common among vegetarians. 
So CFTRI’s work on food supplements for 
use in emergency feeding programmes 
includes not only protein supplements 
(such as ‘‘chewy candy” with a 12 or 16 per 
cent content of vegetable protein) but also 
a low-cost high-energy cereal food, pre- 
pared from a mixture of local grains and 
pulses, whose composition can be varied to 
suit local availability and tastes. 

Even among non-vegetarians, religious 
sensitivities can cause problems. The 
Hindu avoidance of beef and the Moslem 
prohibition on pork has prompted the 
development of production techniques for 
mutton-based products such as Sausages 
and corned meat. A recent development {| 





CFTRI’s headquarters — formerly ado wager 
the world’s largest food research organization. 


| willing to tolerate since it is not 


princess’s palace and now the centre of perhaps 


has been the isolation of a fraction fromthe 
crude protease of Rhizopus oligospor 
which has properties close to those 
animal rennet for milk-clotting and chees 
ripening. This, it is hoped, will ultimatel: 
replace the imported animal rennet at ` 
present used by the dairy industry — and 
which even strict Hindus are, apparently, - 
produced 
within India. oe 
Here as elsewhere the effort to reduce 
dependence on imports is a recurrent 
theme. CFTRI is proud of its formulation: 
of an infant food based on buffalo milk, © 








| using a special technology to reduce the _ 


butter-fat content to an acceptable 14-150 
per cent. This has given rise to a major: © 
indigenous industry, and yields a valuable 
by-product (the excess butter fat) which 
helps to keep down the price of the finished 
product. Similarly, since India. does not 
produce sufficient malting barley for. its 
brewing industry, a major CFTRI project 
has been the investigation of the possibility © 
of making beer from low-grade cereals. | 
such as ragi (Elusine coracana); a millet. 

Special attention is paid to the avoidance 
of waste. A technique for removing the 
acrid and astringent principles from 
cashew apple, a by-product of the cashew 
nut industry, allows its use as a basis for 
soft drinks, jams, pickles and curry. In 
Goa, cashew apple is used to make a trad- 
itional liquor, fenny, for which CFTRI 
has developed new technology. Special 
attention is paid to food protection and 
preservation during storage. Pesticides and 
fumigants for stored cereals, suitable for 
use by farmers with little or no formal 
education and whose families live and sleep 
in close proximity to the grain store, have 
been developed, as have Cheap racks for the 
transport of fruit by rail with minimum 
spoilage. 

CFTRI claims to be the first institution 
fo point out the dangers of using DDT in 
conjunction with food grains. Work is now 
being carried out on the development of 
ecologically safe grain protectants, such as 
tricalcium phosphate which destroys grain- 
infesting insects but which is non-toxic to 








humans and the environment. 

Finally, while serving the home market, 
CFTRI has a wide programme of export- 
related research aimed at the affluent 
world. New variants of traditional 
products (instant teas and coffees, 
flavoured teas) have been developed. For the 
spice industry, rats are being used to assess 
harmful side effects at high doses and to 
define standard specifications. (In the mid- 
1970s, CFTRI determined that turmeric, 
which makes curry dishes yellow, is harm- 
less even at 100 times the normal curry- 
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| eater’s intake, thereby allaying an inter- 


national wave of alarm about the spice.) 
An important project is the extracting of 

oleoresins and oils from India’s traditional 

spice products. This has proved a major 


earner of foreign exchange (Rs 76.5 million 


in 1980-81) but also has emotive overtones. 
It was the trade in raw spices that first drew 
the Europeans to India. By exporting not 
raw spices but a finished product of high 
value, India’s food technologists like to 
think they have helped to shake of the 
shackles of a colonial past. Vera Rich 


Making an exhibition of itself 


INDIA's “Method of Science” exhibition, 
first planned in 1975, will probably not 
now be opened until after the general elec- 
tion expected within the year. The exhibi- 
tion, intended for senior secondary school 
students, was planned as a permanent dis- 
play, presenting science not as a collection 
of achievements and gadgets but as an in- 
tellectual discipline based on deductive 
reasoning and inference. It was assembled 
in New Delhi in 1977, dismantled overnight 
by government order in August 1978, reas- 
sembled in Hyderabad in 1983 but is still, at 
the time of writing, not open to the public. 

The exhibition was originally proposed 
by Dr Rais Ahmed, the then director of the 
National Council of Educational Research 
and Training (NCERT) and designed by Dr 
Pushpa Bhargava, director of the Hydera- 
bad Centre for Cellular and Molecular 
Biology (CCMB). The completed design 
was opposed by moral reformers, leaders 
of religious cults, homoeopaths, civil ser- 
vants, accountants, politicians and even 
some members of the scientific establish- 
ment who, with the change of government 
in March 1977, tempered their original 
enthusiasm to the prevailing official line. 
The Indian Humanist Society, however, 
took legal action on behalf of the exhibi- 
tion, and the issue was taken up in the 
standing committee on the Safeguard of 
the Pursuit of Science of the International 
Council of Scientific Unions. 

Most overt criticism has been detailed. 
The financial lobby questioned Bhargava’s 
spending on visual material (‘Could not 
the captions have been written with chalk 
on blackboards?’’). Another controversy 
arose over a display allowing visitors to 
decide whether propositions are true, false 
ornot yet determined. A wraith-like figure, 
identifiable as female only by its floating 
hair, which simultaneously leaves and 
enters a door is used to illustrate the con- 
cept of motion faster than light, but was 
condemned by some as a lascivious nude. 


Others objected to the inclusion of Marx, | 


Engels and Lenin in the series of ‘21 land- 

marks in the history of the method of 

science’. E | 
An exhibit entitled ‘Science has no high 


priests who cannot be questioned’ con- 








trasted a panel showing a young scientist at 
a conference questioning the results of an 
eminent lecturer with a ‘“‘godman’’ sur- 
rounded by a group of humble disciples. 
To avoid accusations of caricature, the 
face of the ‘‘godman’”’ was a portrait of one 
of the organizers, but controversy sprang 
up on the ground that the gold watch in his 
hand might remind viewers that materiali- 
zing watches is part of the repertoire of a 
particular ‘‘godman’’ with a large follow- 
ing. (The artist obligingly replaced the 
watch by aring, but the critics were still not 
satisfied.) 

The more serious objections have never 
been made explicit. The exhibition ques- 
tions the value of homoeopathic medicine, 
without which the Indian health services 
would not function. It also questions astro- 
logy, while several leading politicians are 
known to order their professional lives ac- 


- cording to the stars. Perhaps most danger- 


ous of all, to the Janata Government of 
1977-79, it is anti-authoritarian. It teaches 
nothing and asks visitors to accept nothing 
on trust, even the message of the exhibition 
itself, 

Official support for the exhibition laps- 
ed with the defeat of Mrs Indira Gandhi’s 
government in 1977. Ironically, it might 
well have opened in Delhi if Dr Rais Ahmed 
and the Education Minister, Professor 
Nurul Hasan, had not pressed for Mrs 
Gandhi herself to inaugurate the exhibi- 
tion. The approach of the elections, 
however, meant that Mrs Gandhi had no 
convenient slot in her diary until too late. 

Recently, political events have once 


more conspired to delay the opening. The | 


Hyderabad authorities, who have given 
their backing to the reassembled exhibi- 
tion, felt that it would be proper for the 
opening ceremony to be performed by Pro- 


fessor Nurul Hasan, who is now Indian 


Ambassador to the Soviet Union. Plans for 
him to open the exhibition in March were 
disrupted by the death of Mr Yuri Andro- 
pov. The inauguration is now tentatively 
scheduled for November. While the exhibi- 


tion itself stresses the anti-authoritarian | 
nature of science, those responsible for it 


seem unwilling to do without the blessing 
of apolitical guru. Vera Rich 


continent 


| hard pressed (by the states) to set up 
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Caring fora 





INDIA is two countries, one mostly urban 
and partly middle-class, the other rural and 
mostly poor. And on this simplified model, 
the interactions between the two countries 
are rudimentary. 

Conspicuous though the city slums may 
be to visitors, the problem that matters 
most is that of the rural poor, almost all 
dependent on the land or on those who own 
land. This is where illiteracy is 
acknowledged to be a third (and may be 
twice as much), where infection rules (as 
goitre is endemic along the northern 
foothills) and where the rate of population 
growth is highest. What will the other India 
do for this people? 

One thing has happened already: the 
techniques of farming even in the rural 
areas have improved to the point at which 


they (and India) feed themselves. The green wy 


revolution has come and will not now go" 
away. The big change came between 1965 
and 1977, when the production of wheat 
increased threefold, to more than 30 
million tonnes a year. The rice harvest 
increased by two-thirds in the same time, 
course grains by one-third. 

The revolution was more than a century 
late. The first impetus for agricultural 
improvement in India came after the 
American Civil War, when British cotton 
manufacturers demanded (without 
success) that the administration should 
make India into a better source of raw 
material. 

Later famines persuaded Indian 
administrators to tentative steps towards 
improvement, but only the aftermath of 
the disastrous famine of 1899 persuaded, 
Lord Curzon (Viceroy soon afterwards) tr” 
set up the Imperial Agricultural Research 
Institute (at Pusa in 1905). Its direct 
descendant is the institute now at Delhi 
(with “Imperial” changed to ‘‘Indian’’). 

The Council of Agricultural Research 
founded in 1929 was the direct antecedent 
of the organization now in being. By then 
the British administration and the 






_ provincial government, concerned not 


least of all about their revenues, has seen 
the importance of on-the-ground advice 
for farmers. After independence, the 
example of the land-grant colleges in the 
United States was acknowledged to be _ 
relevant, and the union government was 


specialized agricultural universities for 
research and for training the people who 
would man the extension services. By 1960, 
the first of 23 agricultural universities had 
been founded. This, adecade later, was the 
foundation on which the green revolution 
was built. | aa 

Dr Maharaj Singh, now deputy director- _ 
general for research at the Indian Council - 
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of Agricultural Research, was director of 
research at the agricultural university at 
Pantnagar. He tells a tale of head y success 
during the 1960s. The 10,500 acres that 
the university had inherited from the 
previously extant state-run agricultural 





“research station were mostly converted into 


a seed farm for propagating the newly 
introduced strains of wheat. At the height 
of the green revolution in the late 1960s, the 
seed farm produced 180,000 quintals (i 
quintal equals 100 kg) of seed, and was able 
to sell this to local farmers at a profit of 
Rs15 million. 

Part of the secret of success, Singh says, 
is that the university was so closely in touch 
with the farmers (who were able to buy 
simply enough seed for their farms) that its 
staff could take steps to see that those who 
bought the new seed were clear how it 
should be used. The availability of ferti- 
lizers was crucial, the bureaucratic 
management of the irrigation system at 
first an impediment. 

The agricultural universities function 
well, Singh says, partly because they are 


>y ble to respond quickly to market forces — 
local farmers’ needs — and partly because 


they are small. At Pantnagar, the annual 
intake of students is 150, who follow four- 
year courses in veterinary as well as crop 
science. 

While the production of the basic grains 
can be still further increased (and must beif 
the population keeps growing), Singh 
points out that there is scope for this — the 
penetration of the green revolution is far 
from complete. But the research council is 
now also turning its attention to schemes 
for vastly improving the yield of cash crops 
such as castor oil and mustard (at an experi- 
mental farm in Gujerat), which can be sold 
abroad for hard currency. 

The success of this enterprise owes 
something to its long traditions. Indian 
.@dministrations have been worrying about 
“Wagricultural production for more than a 





century, while the hard work of setting up 


and strengthening the extension services 
long predates the availability of the high- 
yielding strains. But how has the enterprise 
escaped the clutches of the bureaucracy? 
First, it has been helped to keep its sense of 
direction by the influence of market forces 
—- farmers’ needs. Second, it has not 
escaped scot-free, 

The administration of the Indian 
Agricultural Research Institute was 
fiercely criticized in November last year by 
the Indian Supreme Court for its mis- 
_ Management of personnel promotion. 
b- Two scientists who had complained in 1972 
“that another had been unfairly appointed 
to a post for which they had competed were 
retrospectively ordered to be given the 
status of which they had been deprived. 
This bitterly fought case could have arisen 
only in India. 

The success in agriculture is an example 
to be followed in the provision of health 
care but only with difficulty. The problems 
`.. are more complicated — the prevalence of 






SCIENCE IN INDIA 
viral infections, bacterial infections and 
tropical diseases, endemic diseases with an 
environmental origin (goitre due to iodine 
deficiency) and the peculiarly Indian 
incidence of oral cancer. But organization, 
the delivery of health care to 700,000 
villages for example, is a constant problem. 
Dr V. Ramalingaswami, now director- 
general of the Indian Council of Medical 
Research, explains that the first need is to 
“make available technologies available’’ 
under the forthcoming seventh five-year 
plan and to “improve existing tech- 
nology”. One essential component of any 
programme for the years ahead must be to 
make immunization more effective. 
Whether the goal of providing 100 per cent 
protection against bacterial and viral infec- 
tion by 1990 can be effected remains to be 
seen. 

A paediatrician in Calcutta will not easi- 
ly be convinced. He says that in his clinic, 
he could prevent 50,000 cases of serious in- 
fection at a cost of $1,000. He complains 
that the rate of infant and even maternal 
mortality at childbirth is intolerably higher 
than it should be for lack of funds with 
which to ensure normal hygiene. Where 
should the $1,000 come from? State 
governments are the chief source of funds 
for the provision of health care on a local 
basis. They seem often to consider that 
they have better ways to spend their 
money. 

Meanwhile, medical research is aimed at 
the improvement of cholera vaccines, 
where the search for an adjuvant is pre- 
occupying, and is alarmed about the resur- 
gence of malaria. From time to time, news- 
papers in India now refer to outbreaks of a 
“‘mysterious infection”, which is increas- 
ingly aeuphemism for malaria. Yet in 1967 ; 
there were no deaths from malaria in India, 
while the number of cases of people with 
malarial parasites in their blood had fallen 
to half a million. But by 1976, it is estimat- 
ed, the number of malarial infections of 
people had increased to 7 million. So wasit 
in retrospect a mistake, in the 1960s, to 
have given up the use of DDT for the 
control of mosquitoes? Ramalingaswami 
says (after a long pause) he is ‘‘reasonably 
certain that malaria would have been elimi- 
nated” if the eradication programme had 
been continued vigorously. 

The other serious disease that preoccu- 
pies the whole of medical research in India 
is population growth. Laboratories 
throughout the country are hunting for 
novel contraceptives, in Indian plants, by 
organic synthesis and by the careful study 
of every aspect of the process of human re- 
production. Making medically safe contra- 
ceptive devices (intrauterine devices for 
example) is another preoccupation. But 
then, people say, in Kerala, the birthrate 


has fallen to the point at which the growth | 


rate of the population stems only from in- 
creased longevity. Kerala is also the only 
state in which the population is fully liter- 
ate. “*We don’t understand what’s happen- 
ingin Kerala.” a 










Science at grassroot 
WHEN an Indian politician addre 
gathering of scientists, he (or s 
almost certainly refer to the applicatio 
science to rural development. The p reci 


How is the technology for such 
industries to be developed and, more 
important, imparted to the often illiterate _ 
villagers? And just how much is being _ 
done? Last January, when Mrs Gandhi _ 
visited Bihar to open the annual National _ 
Science Congress, she implied that thestate. _ 
had done little or nothing for its backward _ 
areas, Yet the science congress was taking __ 
place at the Birla Institute of Technology _ 
(BIT), which since 1976 has run a special 
Small Industries Research, Training and 
Development Organization (SIRTDO) to | 
sponsor such projects. ee 

SIRTDO is a joint venture of BIT, the A 
Government of Bihar and the Birla Insti- 
tute of Scientific Research which has 
grown out of a ‘technical entrepreneur- 
ship programme” — a kind of science park 
— for young technologists to develop new 
devices which established industries were 
reluctant to take up. 

The theory is simple. A group of 
“tribals” (descendants of the indigenous 
pre-Aryan population and one of the least 
advanced communities in India) is enrolled 
in a training course, taught a new tech- 
nology and also good work habits 
(regularity) and then sent back to their own 
villages. To ensure that they have an 
opportunity to practise their skills, a new 
Institute for Rural Industralization (IRI) __ 
was set up in 1982. The first two factories __ 
set up under the scheme produced hand- __ 
tools, but now there are plants producing _ a 
electronic components as well. eee 

The weakness of all Indian ruralindustry 
is dependence on suppliers and on middle- 
men, which services are largely providedby 
IRI which also helps with the initial — : 
(generally fairly modest) capital outlay... os 
The factories themselves are organizedona —__ 
cooperative profit-sharing basis, = == 000o 

According to Dr A.K. Basu, head of the 
SIRTDO centre at BIT (other centres have 
now been set up in various towns in Bihar), 
trainees have a high degree of initiative and 
responsibility. Within three months, 
workers in the first factory had expanded 
their range of hand-tools of their own 
design. Electronic assembly workers have 
often proposed improvements in layout, or. 
a more rational method of working. 

Some of Dr Basu’s anecdotes refi 
perhaps an initial enthusiasm that ma 
later wane. He says, however, that he is 
couraged that in villages with sma 
factories, agricultural productivity ri 
significantly, as profits are reinvested 
improving family farms. VeraR 



























India in space 









Reaching for the stars 


Last week, India’s space programme 
reached another charismatic climax with 


the visit to the Salyut-7 space station of 


cosmonaut Rakesh Sharma — the first rep- 
resentative of the non-aligned nations to go 
into space. But this is only the frosting ona 
much larger cake. 

The Indian space programme, begun 
with substantial foreign help from the 
Soviet Union, the United States, France, 
West Germany and Czechoslovakia, aims 
at increasing self-sufficiency. Even in the 
modest technology of high-altitude rockets 
for cloud seeding, the Birla Institute of 
Technology (Ranchi) has a programme, 
supported by the Institue of Agricultural 
Research, to develop rocket fuels from 
shellac with the hope that this will 
ultimately increase the prosperity of the 
shellac-producing areas of Bihar. 

Since its inception in 1961, the Indian 
space programme has in fact been strongly 
orientated towards the needs of the 
country, which has meant concentrating on 
communications satellites, meteorology 
and remote sensing. At the same time, since 
the establishment of India’s first rocket- 
launching facility in 1963 at Thumba 
almost on the magnetic equator, there has 
been a substantial programme of 
ionospheric and magnetospheric studies. 

In a country as vast as this, and with a 
population that is still largely illiterate or 
semiliterate, the need for a communi- 
cations satellite has been a live issue since 
the mid-1960s. An experimental year’s 
work (1975-76) using the US ATS-6 satel- 
lite on the Satellite Instruction Television 
Experiment (SITE), in which 2,400 villages 
in 6 Indian states received specially made 
instructional television programmes in 
agriculture, animal husbandry, health and 
family planning, is said to have confirmed 
the value of the concept and to have pro- 
vided valuable experience in the instal- 
lation, operation and maintenance of 
direct reception sets in far-flung areas. 

In 1977-79, the Satellite Telecommuni- 
cations Experiments Project (STEP), using 
the Franco-German satellite Symphonie, 
permitted the field testing of indigenous 
communications equipment. SITE and 
STEP together were the basis for APPLE, 
a three-axis geosynchronous communi- 
cations satellite with a C-band trans- 
ponder, produced by the Bangalore satel- 
lite centre of the Indian Space Research 
Organization (ISRO). 

APPLE (Ariane Passenger Payload 
Experiment) was launched by a European 
Space Agency Ariane rocket on 19 June 
1981 and placed in a geostationary orbit 
with the aid of an indigenously-produced 
apogee-boost motor. Although the allotted 
orbital position (102°E) was somewhat 
eccentric for Indian coverage, a pro- 
gramme of communications experiments 











was carried out successfully, covering com- 
puter communications, time division 
multiple access, spread spectrum techni- 
ques and the use of small terminals. This 
made it possible to proceed to the next step, 





The SLV-3 launcher, 18 July 1980. 
the development of the Indian National 
Satellite Communications System INSAT 
(which in spite of its name is not totally 
indigenous but used US launch facilities 
and was built by the Ford Aerospace 
Corporation in the United States). 

INSAT was planned as a unique multi- 
purpose operational space system, pro- 
viding telecommunications, meteoro- 
logical and television services from a com- 
mon satellite. In fact, plans called for the 
use of two satellites, one acting as back-up. 
INSAT-1A (launched on 10 April 1982) ran 
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into deployment difficulties (the solar sail 
would not open, using up too much fuel 
and limiting the simultaneous channel 
operation; then, in September 1982, Earth- 
lock was lost). Even so, investigatio 
showed the basic design was sound and its 
successor, INSAT-1B, was launched and 
deployed in September 1983 without dif- 
ficulty. ISRO now plans a fully-Indian 
communications satellite system. 

The remote sensing programme has 
grown naturally out of aerial surveys which 
began, in India, in 1920. The National 
Remote Sensing Agency (NRSA), estab- 
lished in 1975, covers both aircraft and 
satellite observations. Although the NRSA 
data-processing station at Hyderabad has 
access to real-time Landsat data, India has 
developed its own remote-sensing satel- 
lites, Bhaskara-] and 2 (which were 
launched from the Soviet Union) and 
Rohini, launched by the indigenous satel- 
lite launch vehicle SLV-3. 

The plan now is for an indigenous 
remote-sensing satellite (IRS) which will be 
a three-axis body stabilized polar Sun- 


synchronous device carrying an array of 9 


solid-state cameras operating in the visible 
and near-infrared regions and due to be 
launched in 1986. Data from the remote 
sensing programme is used for the now- 
standard applications of geological pros- 
pecting, monitoring of crop diseases, 
ground-water studies, environmental 
monitoring, meteorology and marine 
resources, coastal erosion and the mapping 
of silt outfalls from major rivers. 

The first ten years of the programme 
were considered as experimental. The out- 
come was summarized last year at a high- 
level seminar of the user agencies, mainly 
government ministries, as a stepping-stone 
towards what has been described as a fully 
integrated remote-sensing data-base for 
the country. Vera Rich 





How to run a laboratory 


THE intellectual springboard for the space 
programme is the Physical Research 
Laboratory at Ahmedabad, founded in 
1947 by the late Dr Vikram Sarabhai. 

In spite of its connections, the 
laboratory’s programme is interesting 
because of its diversity. But it is a high- 
technology laboratory in that it makes a 
point of using the latest techniques to 
accomplish even familiar goals — in 
archaeology and palaeoclimatology, for 
example. 

The palaeoclimate is that of the Kashmir 
Valley during the Pleistocene. This valley- 
floor is peppered with lakes and relict lakes 


from whose sediments it seems possible, by | 


pollen analysis, to reconstruct a record of 
the climate over the past five million years. 
Stable isotopes and palaeomagnetism have 
been measured in cores from 500 or so sites, 
providing what is thought to be a unique 
collection of data. 

But the Physical Research Laboratory 


also houses India’s most substantial 
venture into thermonuclear fusion, partly 
supported by the US National Science 
Foundation but with a spanking new torus 
built with Rs 12 million from the 
Department of Science and Technology. 
And the laboratory is building a 1.2 m 
infra-red telescope to a design developed 
by Professor P. V. Kulkarni. 

The Physical Research Laboratory is full 
of zip. People are doing things and not just 
just thinking that they might. And one 
thing leads to another, whence the 
meteorology, astronomy, tropospheric. 
research and the theoretical programmes to 
go with them. 

The secret of success is to keep small (200 
people) and to be grateful that there is no 
room for expansion. Then, if something 
gets too big, you set up another laboratory 
elsewhere. This has already happened for 
the sounding rocket programme. The 
Kashmir Valley project may follow soon. 
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A persuasive account has at last been given of the probability spread of quantities that cannot 
simultaneously be measured: measuring devices enter equally with the systems measured. 


EveryBopy knows that it is not possible 
simultaneously to measure accurately the 
position and the momentum of a particle. 
So much has gone without saying for the 
past half-century, and the same applies to 
the members of any other pair of 
canonically conjugate dynamical vari- 
ables, say energy and time. More generally, 
the minimum uncertainties of two simul- 
taneous measurements of, say, position 
and momentum are inversely related to 
each other in the sense that the product of 
the two uncertainties is not less than some 
constant which turns out to be Planck’s 





> constant divided by 2 n, called # for short. 


>f This is how Heisenberg’s Uncertainty 
principle has instructed us since 1925. 

Nothing in what follows is to be read as a 

contradiction of Heisenberg’s principle but 
only as a gloss on it prompted by an in- 
triguing discussion of the problem of sim- 
ultaneous measurement by K. Wodkiewicz 
of the University of Rochester (Phys. Rev. 
Lett. 52, 1064; 1984). One way of putting 
his question is to ask what can be said about 
the statistical distribution of the 
momentum of some particle, say an 
electron, whose motion is sufficiently well 
understood for it to be represented by a 
wave function which is a solution of 
Schrédinger’s equation. The standard 
solution for the simplest case of all, a part- 
icle moving freely through a force-free 
_ xegion, is elementary — the wave function 
~ {s a plane wave, and the implication is that 
the particle is equally likely to be found 
anywhere in the infinite accessible region. 
The momentum distribution is equally 
simple — it consists simply of the mo- 
mentum corresponding numerically to the 
wave vector of the plane wave — a single 
point in momentum space. 

More complicated dynamical systems 
naturally lead to a more complicated dual 
relationship between the probability dis- 
tribution of a position coordinate and its 
conjugate momentum. But if a wave 
function (in terms of the position co- 
ordinate) can be found for the stationary 
ate of the system, it is always possible to 

ilculate the expected value of the mo- 
mentum, and the successive moments 
about this mean, by the simple rules of 
quantum mechanics or wave mechanics. 
But why not go the whole hog, and from 
the outset calculate the probability distrib- 
ution in some two-dimensional space 
(phase space) whose dimensions represent 
position (q) and momentum (p)? 
Wodkiewicz points out that this 









question was first tackled in 1932 by 
Eugene Wigner, but a footnote to that 
paper (Phys. Rev. 40, 749; 1932) remarks 
cryptically that Wigner’s solution of the 
problem ‘‘was found by L. Szilard and the 
present author some years ago for another 
purpose’. Wigner’s limited objective in 
1932. was to find some way of handling 
functions representing dynamical systems 
in which each of a pair of conjugate vari- 


- ables appears, in particular the expression 


for the total energy of the system consisting 


_of the sum of its kinetic energy (a function 


of p) and potential energy (a function of q). 
Wigner’s goal was to correct classical 
Boltzmann statistics for the effects of 
quantum mechanics that become apparent 
at low temperatures. The byproduct of his 
work was a function of both g and p, called 
W(p,q), with most of the properties that 
would be expected of a probability distrib- 
ution in phase space. 

Wigner’s 1932 result defines the com» 
bined distribution of a pair of conjugate 
variables in terms of the wave function with 
respect to only one of them, and seems to 
have stood the test of time in spite of its 
deficiencies. If, for example f(g) is a wave 
function for a particle moving in one 
direction, and thus a solution of 
Schrédinger’s equation, the probability 
distribution of q if given by /*(q)/iq) 
(where the asterisk denotes the complex 
conjugate and where it is assumed that the 
wave function has been multiplied by some 
number that makes the total probability 
unity). Wigner’s dual function W(p,q) is 
(MAY'S f*(q+0) f(q-t) expQipt/h) . dt 
and was shown to have many of the 
properties required of a joint probability 
distribution. Integrating over one variable 
would, for example, give the probability 
distribution for the other. | 

The only other drawback, which Wigner 
pointed out, is that the function W can 
sometimes be negative, and so cannot be a 
true probability. Even so, nearly half a 
century later Wigner (with R. F. 
O’Connell) argued that W is the only 
function that will satisfy what reasonable 
people would require of a joint distribution 
(Phys. Lett. 83A, 145; 1981). 

Not so, says Wodkiewicz, who takes an 
admirably positivist point of view. There is 
no point in talking about phase-space until 
procedures have been specified for measur- 
ing its coordinates, position g and mom- 
entum p. He suggests how the job can be 
done using a hypothetical pulsed laser 
whose radiation can interact with a particle 


by means of its electrical field. es 
The consequence of the interaction is 

that a detected particle is scattered so that- 

the form of its wave function is such that, 


at a great distance from the point of inter- . 


action, information can be gleaned both 


about position and momentum, but only as _ 
allowed by the uncertainty principle. This 


is the basis of what Wodkiewicz calls his — 
operational definition of a phase-space 
probability distribution. : 

Everybody, but not least Professor 
Eugene Wigner, will be anxious to know _ 
how the result resembles the old W(p,q). 
Put briefly, there are on this occasion two 
wave functions to be taken account of, one 
describing the state of the laser beam with 
which the detected particle interacts (/, say) 
and the other describing the state of the 
particle after the interaction (herecalled g), 
each of which can be used separately to 
define a Wigner-like phase-space distrib- 
ution which may be called W,(p,q) and 
W.(p,q) respectively. 

Wodkiewicz’s result is geometrically 
very simple (for one space coordinate). The 
value of the probability distribution in 
phase-space at the point (p,q) is obtained 
by displacing the origin of one Wigner 
function (a pattern in two dimensions) to 
that point, multiplying by the other undis- 
placed Wigner function and then inte- 
grating over both variables. In simple lan- 
guage, the result is the overlap between two 
Wigner functions, one for the measuring 
system and one for the particle.: Con- 
veniently, the result cannot be negative. 

This outcome is satisfactory for several 
reasons, but not least because it puts the 
observing system and the thing observed on 
an equal footing. This is precisely what the 
Copenhagen school would have asked for. 
Second, as Wodkiewicz points out, the 
calculation of phase-space probability 
should survive even if the Schrödinger 
equation were non-linear (which is one way 
in which gravitational forces might be 
taken account of). It goes without saying 
that Wigner’s result can be used more con- 
fidently now that the reasons why it is in- 
complete can be understood. But with all 
that said, is it not remarkable that after half 
a century of careful examination of the 
meaning of quantum mechanics, during 
which the notion that the measuring instru- | 
ment must be counted part of the system 
measured has been repeatedly raised, it is 
only now that the deficiencies of Wigner’s. 
calculation should have been ex- 
plained? John Maddox 
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Carbon dioxide circulation 
through ocean and atmosphere 


Jrom Wallace S. Broecker 


JUST over three years ago measurements of 
the CO, content of air from polar ice cores 
were independently published by groups in 
Bern! and Grenoble*. Both groups con- 
cluded that the CO, content of the atmos- 
phere during the last glacial period was 
about two-thirds of that in post-glacial 
times. Oceanic and atmospheric contribu- 
tions to the carbon cycle must have been re- 
sponsible for changes on such a time scale 
and two papers on pages 621 and 624 of this 
issue of Nature describe the first results of 
computer models designed to clarify the 
roles of the ocean-atmosphere system? 4. 

The dramatic changes in atmospheric 
CO, content revealed by the ice cores im- 
mediately captured the interest of the geo- 
chemical and climatological communities 
for it was the first clear evidence for signifi- 
cant natural changes in the atmosphere’s 
trace gas content (and hence in its green- 
house capacity). I jumped on the result and 
tried to explain it’. 

It was easy to show that it must have 
Originated in the ocean and was not the 
result of the warming of the ocean surface 
which accompanied deglaciation. I came 
up with two viable hypotheses, consistent 
with the rather strong constraints imposed 
by the °C record for the surface and deep 
waters of the sea as recorded in the shells of 
planktonic and benthic foraminifera in 
deep-sea sediments. 

Both hypotheses involved changes in the 
relative abundances of carbon to the limit- 
ing nutrients, phosphorus and nitrogen. In 
the first hypothesis, this change was caused 
by the removal of organic matter to the 
sediments deposited along the margins of 
the sea as they were flooded by the water 
released from the melting glaciers. In the 
second, the change was induced by a 
decrease at the onset of post-glacial time in 
the ratio of carbon to nitrogen and 
phosphorus in the organic matter falling 


= from the sea surface (see ref. 6 for the 


< detailed arguments). 
Barly last year the Bern group dropped 
= another ‘bomb’ on the climate community. 
Working with samples from a new ice core 
from the Dye 3 site in Greenland the group 
showed that the changes in atmospheric 
CO, associated with the close of glacial 
time occurred in a period of less than 1,000 
years; moreover, for several time spans of 
about 1,000 years within the glacial period, 
coinciding with warming recorded by "Oto 
160 shifts’, the CO, content returned more 
than half way to its post-glacial value’®. 
Since the bulk chemistry of the ocean- 


`= atmosphere system cannot change within 


1,000-year periods, my sedimentation 
hypothesis dropped from contention to be 


replaced by an alternative hypothesis 
generated with Taro Takahashi. 


We suggest that because carbon dioxide. 


can be transported through the atmosphere 
from one region of the ocean surface to 
another while nitrate and phosphate can- 
not, it is conceivable that changes in atmos- 
pheric CO, content are induced by changes 
in the deep-sea ventilation rate®, in which 
case the rise in CO, content of the air at the 
close of glacial time might simply have been 
the result of a decrease in that rate. 

Groups from Princeton, Bern and Har- 
vard have also investigated lower-than- 
present concentrations of nitrate and phos- 
phate in polar surface water during glacial 
time. Papers from the first two groups ap- 
pear on pages 621 and 624 of this issue; the 
third group has a paper in press in Journal 
of Geophysical Research. 

While differing in detail, all three papers 
call on a more efficient utilization by plants 
of the nitrate and phosphate reaching the 
sea surface in polar regions than elsewhere. 
The resulting drop in the nutrient content 
of Antarctic surface waters leads to a 
reduction in the total oxidized carbon 
(E£ CO,) content of these waters and also in 
the CO, content of the atmosphere. Knox 
and McElroy suggest that the more effi- 
cient utilization of nutrients is related to 
changes in the amount of light reaching the 
polar regions °; Siegenthaler and Wenk opt 
to explain it by an increase in the residence 
time of water at the Antarctic surface*: and 
Sarmiento and Toggweiler conclude that it 
must be the result of changes in either 
illumination or residence time’, 

Discussion among the interested parties 
at a recent meeting* (reported in ref.11) led 
to agreement on several points. First, the 
ideas we now have are preliminary probes 


into a new and very fascinating realm of | 


science, namely how the flow of carbon, 
nitrogen and phosphorus through the 
ocean-atmosphere system responds to per- 
turbations in the conditions of our planet’s 
surface. 

Second, the record of the 3C/!°C ratio 


of the ocean and atmosphere held in the ice | 


cores will be the key to deciding the relative 
importance of changes in organic residue 
composition, ventilation rates and polar 
nutrient composition in the low CO, con- 
centrations of glacial times. As the carbon 
incorporated by plants is depleted inc 
relative to °C, changes in the efficiency of 
utilization of surface-water nutrients will 
lead to changes in the °C/'°C ratio in the 
© CO, of surface water (and hence in 





* The Chapman Conference on ‘Natural Variations in Carbon 
Dioxide and the Carbon Cycle’, held in Tarpon Springs, Florida, 
9-13 January 1984. 
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planktonic foraminifera). At the meeting, 
H. Oeschger of the Bern group indicated 
that the vital carbon isotope record for the 
atmosphere based on measurements on 
CO, extracted from ice cores would soo 
be available. Meanwhile, N. Shackleton 





| (University of Cambridge) revealed that his 


unpublished 3C/?C records for plank- 
tonic forams from sediment cores taken in 
the Atlantic sector of the Antarctic. 
(50-52°S) show that the BC/2C ratio dur- 
ing peak glacial time is 0.3-0.5%0 more 
negative than during peak interglacial 
time. Such a change is at odds with the An- 
tarctic nutrient models. If, therefore, these 
records prove to typify Antarctic surface 
waters there will be another casualty 
among the hypotheses. 

Third, the much lower dissolved oxygen 
content of glacial deep-sea water demand- 
ed by the three nutrient-based models (that 
is, sediment storage, residue composition 
and polar surface water composition) does 
not seem to be in evidence in the sedi- 
mentary record. 

Fourth, if, as seems likely from results 


presented by Michel Andree of the Bern Ẹ 


group, the application of the ac- 
celerator'*C dating method (see these col- 
umns, R. E. M. Hedges and J. A. J. 
Gowlett Nature 308, 403; 1984) to hand- 
picked planktonic and benthic foramini- 
fera will enable direct estimates to be made 
of the rate of ventilation of the deep sea 
during glacial time, the results should pro- 
vide a valuable focus for the next 
generation of hypotheses. 

Just as the results of CO, measurement 
on ice cores have captured the interest of — 
those concerned with climates of the past, 
they will surely turn the heads of those con- 
cerned with climates to come. Will an- 
thropogenic changes in atmospheric CO, 
ultimately force a change in the mode of 
operation of the ocean? The four teams 
who are searching for an explanation of the, . 
ice-core CO, results agree that there must 
have been major changes in the past in 
ocean operation, with some unknown se- 
quence of events causing the balance to tip 
from one mode of operation to another. 
Will the warming of the planet that will 
surely occur during the next hundred or so 





years tip the balance again? B 
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Biophysics 


NEWS AND VIEWS 


Crystallin measurements in the 





‘intact eye lens 


from Christine Slingsby 


A FINE illustration of the more gentle ways 
of physicists than of biochemists, who have 
traditionally ripped cells apart to. investi- 
gate — with great success — their macro- 
molecular organization, is contained in a 
recent issue of Proceedings of the National 
Academy of Sciences U.S.A, In it, Sun et 
al. report the use of a light-scattering 
technique to measure the accumulation of 
é-crystallin in the intact eye lens. of 
chickens’. 

By focusing a small beam of laser light 
onto discrete regions of an intact lens and 
analysing the correlation time of the 
scattered light intensity fluctuations, Sun 
et al. were able to observe brownian 
motions within the lens. Because the 
_ dimensions of the lens cell are large 





os compared with the wavelength of light, the 


observed brownian motions are of cyto- 
plasmic constituents of the cells. The 
motions depend on both the size of the 
scattering elements and their interactions 
with other molecules. The observed corre- 
lation function is therefore a composite of 
all the random walks of cytoplasmic consti- 
tuents over distances comparable to the 
light wavelength but it is possible, in prin- 
ciple, to sort out molecular details of indi- 
vidual components if they are homogen- 
eously dispersed in a single phase. 

The diffusion coefficient of a macro- 
molecule can be determined from the relax- 
ation time of the scattered light intensity 
fluctuations, which is related to the corre- 
lation length by the Stokes~Einstein— 
_,Kawasaki-Ferrel formula. When inter- 
“factions between macromolecules are negli- 

gible the correlation length is equal to the 
hydrodynamic radius. When the correla- 
tion lengths of components in cells deviate 
moderately from those measured in homo- 
geneous solutions, it is because of that 
ephemeral property of matter — short- 
range order. On the other hand, if a 
solution or gel is near a critical point, so 
that different phases coexist yet are clearly 
distinguishable, the interactions become 
long range, the measured correlation 
length is very large and the solution 
becomes turbid*?. The correlation length 
of 6-crystallin measured within the lens by 
sun ef al. was only 20 A longer than the 
hydrodynamic radius measured from a 
monodisperse solution, in line with evi- 
dence that only short-range order is necess- 
ary for the transparency of the lens*° 

The fewer the components within a cell, 
the more reliable the method of determin- 
ing quantitative parameters of individual 
macromolecules. Embryonic chicken 
lenses are well suited in this respect because 
the cytoplasm is composed largely of cyto- 





skeletal filaments® and 6-crystallin, a 
tetramer of molecular weight near 200,000 
(ref.7). In keeping with this description, 
Sun et al. find two correlation lengths, one 
very large (6,700 A) and one small (65 A), 
corresponding to these components. From 
the amplitude of the scattered light fluctua- 
tions in lenses from embryos and chicks of 
different ages, Sun ef al were able to 
determine the relative concentration of ð- 
crystallin within lens cells during the course 
of the first forty days of development. 
Interesting phenomena relating to lens 
biology discovered by other techniques 
could now be brought into the field of view 
of light-scattering science. Lens differen- 


ALTHOUGH serious scientific work on the 
spectra of lightning dates from early this 
century, with the direct time-resolved 
photography of Sir Charles Boys and the 
slitless spectroscopy of E. C. Pickering, the 
manufacture of diffraction gratings with a 
large surface area of high accuracy and 
uniformity produced a revolution in 
lightning spectroscopy. In 1960, applying a 
Bausch & Lomb replica transmission 
grating to an f/8 Aero-Tessar camera, 
Leon Salanave (then with the Institute of 
Atmospheric Physics at the University of 
Arizona) captured this historic stroke of 
lightning. The spectrum of a single stroke is 
seen dispersed at 25 A mm” in first order, 
running from 380 nm at far left to 620 nm at 
extreme right. 

The photograph may be viewed as a 
three-dimensional graph with position as 
the ordinate, wavelength as the abscissa 
and intensity varying from bright knots 


(‘hot spots’) to invisibility at any given | 
point. The variation in intensity runs both 


vertically in space and horizontally in 





tiation requires growth factors, from 
retina’; alterations in the ionic envit 
ment of lens cells regulate the size of 
crystallin subunit to be synthesized*; a 
calcium levels affect the association in vilro — 
of d-crystallin to membranes. These and 
other physiological responses could now be 
non-invasively investigated in intact cells. 
Another obvious target for investigation 
would be the influence of the cytoskeleton 
of the lens cell on the mobility of its cyto- 
plasmic constituents. [d 
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wavelength. All the brightest lines: are 
attributable to N (11), but other prominent 
lines belong to N (1), O (D) and O (1). If the 
spectrum had run on a bit further to the 
right, the Ha line of hydrogen would have 
been conspicuous; the hydrogen originates 
in the dissociation of water vapour by the 
electric spark. Water vapour also makes its 
presence known explicitly towards the red 
end of the spectrum, where it is manifest as 
a broad dark band intersected by lines of 
N GD 

Writing of the historic significanceof the 
photograph, Salanave comments, *‘The 
importance of these slitless spectra, dating 
from 1960 on, lies in the fact that from 
them (after time resolution into individual 
strokes) channel temperatures near peak 
luminosity could be reliably determined for 
the first time”. Jon Darius 
One of the photographs in an exhibition Beyond 


_ Vision at the Science Museum, London from 19 
April. A book with the same title will be 


published in April by Oxford University Press. 


| Reproduced by courtesy of E. P. ede 


University of Arizona. 














Planetary science 





News AND VIEWS: . 


Evolution by bombardment? 


from Michael Prather 


THE atmospheres of the planets contain 
a cryptic record of the origin and evolu- 
tion of our Solar System. The current 
composition of planetary atmospheres 
reflects the initial composition of proto- 
planetary material, the mode of planetary 
accretion, the release and reabsorption of 
volatiles by the solid planet, the chemical 
processes coupling atmosphere and 
lithosphere, and the escape of atmospheric 
constituents to the interplanetary medium 
over the last 4.5 x 10° years. Cameron has 
now invoked erosion by planetesimal bom- 
bardment as an important and hitherto 
neglected process in the evolution of plane- 
tary atmospheres; moreover, he suggests 
that the formation of the Moon followed a 
collision between Earth and a planetesimal 
the size of Mars! . 
While the outer planets (Jupiter and 
beyond) appear to have retained large 
quantities of volatiles from the original 
solar nebula, the inner planets (Mars, 
Earth and Venus) appear to have no vestige 
of a primordial atmosphere. Instead, their 
atmospheres must reflect the substantial 
processing and differentiation of materials 
in the early Solar System. But the story is 
far from simple. The quantities of noble 
gases in the atmospheres of Mars and 
<: Venus are particularly puzzling and have 
spawned various. theoretical models for 
origins of the terrestrial planets?7. A 
consistent model for the inner planets must 
“account for relative concentrations of 
70:1:0,006 for “Ar on Venus, Earth and 
Mars respectively and for the smaller range 
in the relative concentrations (3:1:0.2) of 
N, (the abundance on Marsis corrected for 
the escape of nitrogen predicted by isotope 
fractionation). One explanation attributes 
the abundance of noble gases on Venus to 
solar wind implantation of the protoplane- 
tary material and associates Mars and 
Earth with the noble gas component found 
in many meteorites’*. This argument is 
supported by the difference in neon isotope 
ratios between Venus and Earth, but 
-> cannot readily explain the similar ratios of 
-o Nez/%Ar for all three planets. 
> Cameron’s provocative assertion is that 
<> the early atmospheres, which evolved from 
= degassing of the partially molten planet, 
_ were significantly eroded by collisions with 
the remaining interplanetary debris. 


ee Accordingly, a planetesimal with dimen- 


sions comparable to the scale height of the 


atmosphere is supposed to have generated 


a shock wave, ejecting part of the atmos- 


> phere above the region of impact. This 
aspect of the theory is not quantitative and, 
.. like most theories of primordial atmos- 
-> pheres, is calibrated after the fact by the 


present atmosphere. Moreover, 
Cameron’s analogy to calculations of 





stellar collisions does not seem 
appropriate. 

A second major premise of Cameron’s 
paper is that the Moon formed from the 
collision of Earth with a planetesimal the 
size of Mars. During the suggested impact, 
siderophile elements such as iron would 
gravitate to the Earth’s core and lithophile 
elements on the surface would be 
vaporized. The expanding cloud would con- 
dense into large circumterrestrial silicate 
ring which in turn would gravitationally 
coalesce into the Moon. In its favour, the 
mechanism could explain the Moon’s lack 
of both volatiles and a significant iron core. 
But there are difficulties with the energetics 
of this ring~Moon system® that Cameron 
considers but fails to resolve entirely. 

Models for early bombardment are 
regrettably unquantitative and create 
problems while solving others. One impli- 
cation of Cameron’s theory of lunar 
creation is the removal of a major portion 
of the Earth’s atmosphere through inter- 
action with the silicate ring. He argues that 
more than 99 per cent of the original 
atmospheric content of xenon was lost and 
that even greater proportions of the lighter 
noble gases Ar and Kr would have been 
removed. His theory has to face the fact 
that the Earth is anomalously low in xenon 
in comparison with the '*Xe/**Ar ratio in 
meteorites. One contested explanation for 
this anomaly has the ‘missing’ xenon 
buried in sedimentary rocks?''®. 
Cameron’s theory requires the opposite, a 
primordial atmosphere with relatively little 


Cell biology 
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xenon. The only known source for such a 


| mix of noble gases would be the original 


nebula or, later, the solar wind. That 
source is generally believed to account for 
Venus’ noble gases, but it would predic 


| unacceptable ratios of N/**Ar and- 


20Ne/22Ne for the Earth. 

Mars’ low abundance of “Ar (derived 
from decay of “K with half life of 1.3 x 10° 
years) is used by Cameronas evidence ofan 
extended period of bombardment and 
atmospheric erosion. This premise 
contradicts evidence supporting early loss 
of Mars’ volatiles. The high ratio of 
4Ar/3Ar for Mars (10 times that for 
Earth) argues for substantial loss of “Ar 
before the radiogenic production of @Ar. 
A similar interpretation is required by the 
xenon isotopic composition’. 

The potential importance of early 
bombardment in the evolution of the 
terrestrial atmospheres should not be 
ignored. Cameron has highlighted some 
interesting consequences of major col- 
lisions in the early Solar System. He has 
chosen examples which may resolve some. . 





of the intriguing puzzles about formation 4” 


of the terrestrial planets but which fail to 
explain numerous other constraints 
imposed by observations. E 
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Rheumatoid sera unravel 
microtubule organizers 


from Jeremy 8. Hyams 


THE complex arrays of microtubules in 
cultured cells, revealed so spectacularly in 
recent years by techniques of immuno- 
fluorescence, are organized by two types of 
cellular structure, the centrosome and the 
kinetochore. Both will nucleate the 
assembly of microtubules in vitro, 
although it is still debated whether the 
kinetochore performs that role in the living 
cell!. Either way, the composition of both 
structures and the nature of any changes 
they might undergo during the cell cycle is 
of considerable interest; indeed, it is 
probably not stretching a point to call it the 
most important current focus of micro- 
tubule research. A timely shove to progress 
in this area has recently come from the un- 
likely source of the sera of humans suffer- 


ing from various rheumatoid conditions. 
Several publications in the last few months 
have made use of the autoantibodies in 
such sera to help characterize centrosomes 
and kinetochores. | 

The centrosome is the major micro- 
tubule-organizing centre of almost all 
animal cells and is visible throughout the 
cell cycle. During interphase, a single 
centrosome, containing a pair of centri- 
oles, initiates the array of cytoplasmic 
microtubules; at G,, the centrosome 
divides in two, one for each pole of the 
mitotic spindle. The kinetochore is only 
clearly visible at mitotic prophase when one 
develops on each side of the chromosomal 
centromere; microtubules from the — 
kinetochore anchor each chromosome to — 
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The mitotic apparatus of a cell in meta 


Dupraw (Academic, 1968), 


the spindle. 

The autoantibodies of most value in the 
study of kinetochores come from the sera 
of a subset of rheumatoid patients, those 
with the so-called CREST (calcinosis, 
Raynaud’s phenomenon, oesophageal 
dysmotility, sclerodactylyl, telangiectasia) 

., Variant of scleroderma. Such sera, when 

>f med as immunofluorescent probes on 

-frozen tissue sections or cultured cell lines, 
give a characteristic speckled nuclear 
fluorescence. In mitotic cells, fluorescence 
is clearly seen to be localized to the centro- 
mere region of each chromosome. Im- 
munoelectron microscopy has localized the 
binding of one CREST serum to the inner 
and outer plates of the trilaminar kineto- 
chore but not to the underlying centro- 
meric chromatin? and has been used to 
identify ‘prekinetochores’ during inter- 
phase, the period when they are normally 
cytologically invisible. Like the centro- 
some, these small electron-dense spheres 
duplicate and separate during the G, phase 
of the cell cycle. 

Two recent papers have used CREST 
sera to probe both the molecular composi- 

‘hon of the kinetochore and its integration 
“into the chromosome. In one, twelve anti- 
sera that stained kinetochores were shown, 
by immunoblotting, to recognize a 
77,000-molecular-weight protein: nine of 
the sera also recognized an antigen of 
molecular weight 110,000 (ref. 3). Interest- 
ingly, both proteins were present not only 
in isolated chromosomes but also in 
chromosome ‘scaffolds’, the protein 
framework which persists when metaphase 
chromosomes are first depleted of histones 
and then digested with nucleases. In the 
second paper, other CREST sera were 
shown to recognize a different spectrum of 
presumptive kinetochore components‘. At 
least four proteins, of 14,000, 20,000, 
3,000 and 34,000 molecular weight, are 
detectable in both interphase and mitotic 
cells of various cultured lines, suggesting 
that the structural re-organization of the 
kinetochore at prophase, which parallels 
its competence to interact with micro- 
tubules, is not accompanied by major 
compositional changes*. The exciting 
possibility that one or more of these 













phase. Chromosomes, each divided into a pair of 
chromatids joined only at the centromere, sit in the centre of a spindle composed of 
microtubules. Some microtubules connect the 
centrosome; others connect the two centrosomes, each composed of a pair of centrioles 
surrounded by amorphous pericentriolar material. From Cell and Molecular Biology by E.J. 










kinetochores on the centromeres to a 









proteins undergoes some sort of cell-cycle- 
dependent modification is now 
experimentally testable. 

The anti-kinetochore specificity of 
CREST sera has also been useful in in- 
vestigating the role of the kinetochore as a 
microtubule-organizing centre. Preincuba- 
tion of lysed mitotic cells with antiserum 
before incubation with tubulin specifically 
blocked the assembly of microtubules onto 
the kinetochore whilst having no effect on 
growth onto the centrosome‘. Although 
there are various interpretations of this 
finding, the most intriguing is that the two 
presumptive centres are chemically, and 
possibly functionally, distinct. An 
assessment of the extent and significance of 
the distinction should be helped by those 
scleroderma patients (a low percentage) 
who produce autoantibodies not to kineto- 
chores but to centrosomes’. One such 


Astrophysics 





from A.G. Lyne 


THE origin of the intense magnetic fields of 
many neutron stars is not clearly under- 
stood. Until recently they have commonly 
been thought to originate from the field of 
a few gauss of the presupernova stars from 
which neutron stars evolve; conservation 
of magnetic flux during the violent collapse 
of a presupernova star to a neutron star 
would result in the 10’ G surface field 
strength of the latter that is needed to pro- 
vide a satisfactory explanation of the spin 
down, radio emission and polarization of 
radio pulsars, if they are neutron stars. 
Now Blandford, Applegate and Hernquist 
have suggested a quite different origin of 
the magnetic field of neutron stars by 
demonstrating, theoretically, two thermal- 
ly driven instabilities in which a reasonably 
modest seed field in the neutron star may be 
amplified to 10'* G by the flow of heat from 
the interior of the star as it cools following 
supernova collapse'. Their proposal has a 


_ material, which appears to be more in 





described by Blandford ef al. will enhance — 
_ the magnetic field. The evolution of aniso- 










serum has now been characterized cy 
logically“. By light and electron immune 
cytochemistry it stains the cloud of ur 
Structured fuzz that surrounds. the tw 


centrioles —- the so-called pericentrio 



























volved than the centriole in initiating — 
microtubule assembly. The pericentriolar 
material remains closely associated with 
the centrioles, stainingasasinglebrightdot 







| which splits as the cell enters division. In 


the early divisions of mouse embryo cells, - 
from which centrioles are absent, the peri- 
centriolar material has a different fate, - 
occupying a broad band at the spindle pole © 
during mitosis but becoming undetectable 
during interphase. ; 
The cellular control of microtubule _ 
assembly clearly resides in a limited z 
number of preformed sites, the activity of B 
which is tightly integrated with. the cel 
cycle. The scleroderma sera described here 
offer the first real molecular probes of 
these putative microtubule-organizing 
centres and we shall doubtless be hearing a 
lot more about them in the next two or 
three years. E 
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Origins of the magnetic fields 
of neutron stars 


number of attractions and a number of 
problems. 

Neutron stars are believed to consist of a 
superfluid superconducting core inside a 
solid crust, a few kilometres thick, which is 
not superconducting. Any field present in 
the core at the time of formation will be 
trapped there, essentially forever. How- 
ever, within a kilometre or so of the sur- 
face, the electrical conductivity is low 
enough that ohmic losses could dissipate 
any embedded magnetic field within a few 
million years and there is increasing 
evidence that the magnetization of neutron 
stars does, indeed, decay?. 7 

Assuming that such decay is occurring, 
Blandford et al. argue that the magnetic 
field of neutron stars must be confined to 
the surface layers where it can decay. This os 
is just the region where the two instabilities 





















- Jated neutron star is then roughly as fol- 
lows. At birth the rapidly rotating neutron 
~~ star has a low magnetic field of maybe 108 

j, with the interior at a very high tempera- 
‘ture. The heat flux from the centre drives 
-the generation of the magnetic field over 
~~ perhaps 104 years and reaches a saturation 
< value of about 10'2 G. During this time the 
`. object is spinning at the rotation rate it had 
at birth. Once the field has built up, the 
neutron star will start to spin down as it will 
=o belosing rotational energy through electro- 
© magnetic dipole radiation at the rotation 
frequency. Once the heat flow stops, field 
enhancement will cease and the magnetic 
field will decay slowly over the next few 
million years. 

Since most pulsars are much older than 
the 104 years suggested as the generation 
time of their magnetic field, it is not easy to 
determine whether this mechanism is at 
play rather than the traditional mechanism 
in which the field is the ‘fossil’ field of the 
presupernova star. But some circumstan- 
tial evidence, at least, supports the former 
explanation. 

In particular, observations of the super- 
nova remnant MSH15-52 have recently 
revealed that it contains a young X-ray and 
radio pulsar which has a spin-down 
age of 1,550 years, much less than the 
estimated 10,000-year age of the remnant’. 
These apparent ages are clearly inconsis- 
tent if the magnetic field was present at bir- 
th; but if Blandford et al. are right, the 
neutron star was formed 10,000 years ago 
and only became a pulsar 1,000 years ago 
when the magnetic field built up. This 
delayed ‘birth’ of pulsar activity may also 
help to explain the very small number of 
pulsars observed within supernova rem- 
nants: the pulsars appear only after the 
remnant has lost its identity. However, 
beaming effects and poor radio sensitivity 
-can more or less explain this anyway — ex- 

-isting techniques only detect one pulsar in 
every 1,000 that must exist in the Galaxy. 


Another interesting argument is based 
on the measured value of the spin-down 
braking index for the young pulsar 
PSROS31+21 in the Crab Nebula. This 
should take the theoretical value of 3.0, 
based upon simple electromagnetic theory 





-o and a constant magnetic dipole moment’. 


a But the observed value of 2.5 is only consis- 


tent with this simple theory if the magnetic 
- field is still growing, as expected from the 
proposal of Blandford ef al. 





that this is 
7-10 














"proposal of Blandford ef al. It is not yet * 


clear how pulsars acquire their high space 
velocities of a few hundred kilometres per 
second or how the magnetic field is 
involved. If the velocity is due to asym- 
metry in a supernova explosion, then the 
magnetic field seems to be involved in pro- 
viding the small amount of asymmetry 
required and cannot have changed sub- 
stantially since birth — in which case the 
mechanism suggested by Blandford et al. 
cannot be at play. Alternatively, the pulsar 
may be accelerated during its early life by 
the asymmetric emission of electro- 
magnetic radiation due to an asymmetric 
magnetic field configuration'?, The 
absence of any observed relationship be- 
tween the direction of proper motion and 
the direction of the rotation axis deduced 
from linear polarization measurements Lita 
argues against this process but, if it is non- 
theless correct, then the acceleration will 
occur only after the magnetic field has 
developed by the field enhancement 
mechanism of Blandford et al. 

Blandford et al. themselves admit that 
their theoretical arguments are subject toa 
number of uncertainties; the observational 
evidence is also equivocal. It will probably 





100 years ago 


Telephony and telegraphy on the same 
wires simultaneously. 


For the last eighteen months a system has been 
in active operation in Belgium whereby the or- 
dinary telegraph wires are used to convey tele- 
phonic communications at the same time that 
they are being employed in their ordinary work 
of transmitting telegraphic messages. This 
system is the invention of M. Van Rysselberghe, 
whose previous devices for diminishing the evil 
effects of induction in the telephone service will 
be remembered. 

The method previously adopted by Van Rys- 
selberghe, to prevent induction from taking 
place between the telegraph wires and those run- 
ning parallel to them used for telephone work, 
was briefly as follows:— The system of sending 
the dots and dashes of code — usually done by 
depressing and raising a key which suddenly 
turns on the current and then suddenly turns it 
off — was modified so that the current should 
rise gradually and fall gradually in its strength 
by the introduction of suitable resistances. 
These were introduced into the circuit at a 
moment of closing or opening by a simple auto- 
matic arrangement worked exactly as before by 
a key. And as induction from one wire to 
another depends not on the strength of the 
current, but on the rate at which the strength 
changes, this very simple modification had the 
effect of suppressing induction. Later Van 
Rysselberghe changes these arrangements for 
the still simpler device of introducing per- 


_manently into the circuit either condensers or 


elese electromagnets having a high coef ficient of 
self induction. ; 


take the discovery and study of more very 
young pulsars, like the Crab pulsar and 
MSH15-52, before it is clear whether they 
are correct or whether it is still more 
probable that the magnetic fields o 





neutron stars are a relic of the fields of their: 


progenitors. E 
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Van Rysselberghe saw that if the telegraphic 
currents were thus modified and graduated so 
that they produced no induction ina neighbour- 
ing telephone line, they would produce no sound 
in the telephone if that instrument were itself 
joined up in the telegraph line. Why this is so will 
be more readily comprehended if it be 
remembered that a telephone is sensitive to the 
changes in the strength of the current if those 
changes occur with a frequency of some hun- 
dreds or in some cases thousands of times per se- 
cond. On the other hand, currents vibrating with 
such rapidity as this are utterly incompetent to 
affect the moving parts of telegraphic instru- 
ments, which cannot at the most be worked so as 
to give more than 200 to 800 separate signals per 
minute, 


Ss 









The arrangement is shown where a “‘gradu- 
ated” telegraph-set is intercalated into a 
telephonic system so that both work simul- 
taneously, but independently, through a single 
line. The combined system at each end of the line 
will then consist of the telephone-set T, the tele- 


graph instruments (comprising battery B,, k 


M, and Morse receiver R,), the “ graduating” ' 


electromagnets E, and E,, the ‘‘graduating”’ 
condenser C., and the ‘“‘separating’’ condenser 
C. A single wire between Brussels, Ghent, and 
Ostend is now regularly employed for transmis- 
sion by telegraph of the ordinary messages and 
of the telemeteorographic signals between the 
two observatories at those places, and by 
telephone of verbal simultaneous cor- 


respondence for one of the Ghent newspapers. 2 
From Nature 29, 554, 10 April 1884.. ee ee 























Cancer biology P 
 Heritable fragile sites in cancer 


"from Michelle M. LeBeau and Janet D. Rowley | 


AMONG the most rapidly advancing areas 
of cancer research is the study of chromo- 
somal rearrangements in tumours and the 
„determination of their potential role in 
tumorigenesis. The remarkable concor- 
dance between the chromosomal location 
of human cellular oncogenes (c-onc) and 
the breakpoints involved in certain consis- 
tent chromosomal rearrangements assoc- 
iated with various cancers has enhanced the 
excitement}. It is now worth examining the 
-extent to which these nonrandom chromo- 
< $omal rearrangements are associated with 
the ‘fragile sites’ of chromosomes. 
A fragile site is a region of a chromo- 
some, usually on both chromatids, that 
fails to become stained. These sites are in- 
herited in a mendelian fashion so that the 
Same locus is involved in any particular 
P-iamily. To date, 17 fragile sites have been 
7 identified in the human genome. Of these, 
16 are autosomal and 1 ison the X chromo- 
some. Autosomal fragile sites are not as- 
sociated with phenotypic abnormalities but 
the X-chromosome fragile site is a marker 
for one form of X-linked mental retarda- 
tion’, The expression of 14 of the 17 
fragile sites is enhanced by the absence of 
folic acid in the culture medium. Asa result 
of individual variation and culture condi- 
tions, fragile sites are usually seen in less 
than 50 per cent of lymphocyte metaphase 
cells. Few data are available on the inci- 
dence of individual fragile sites, although 
the most common fragile site, that at xq27, 
is probably present in less than | in 1,000 
individuals?, 

The figure summarizes the locations of 
‘agile sites and cellular oncogenes on 
"specific chromosomes, consistent 

karyotypic abnormalities of the chromo- 
somes and the malignant diseases in which 
the karyotypic abnormalities are 


q34 of the latter. The t(8;21)(q22;22) is 
frequently noted in acute myeloblastic leu- 
kaemia with maturation®.’ and a fragile site 
































p21 of chromosome 9 is also the breakpoint 
in the t(9;11)(p21;q23) most commonly. 


There are fragile sites at q13 and q23 of 
chromosome 11, each of which can be the 
breakpoint in various translocations or 
deletions in both acute myeloid and lym- 
phoid leukaemias and in lymphoma*®. 
The fragile site at q22 of chromosome 16 
occurs in the band that is involved in both 
the del(16) and the more frequent inv(16) 
of acute myelomonocytic leukaemia with 
abnormal eosinophils'':!?, In the case of 
solid tumours, a fragile site is localized toa 
region of chromosome 3 that is frequently 
deleted [del(3)(p14p23)] in small-cell lung 
carcinoma", and a t(11;22)(q23 or q24;q12) 
of Ewing’s sarcoma'*!5 involves a break- 
point coincident with the 1 1q23 fragile site. 
As illustrated in the figure, five other 
chromosomes (2, 7, 12, 17 and 20) which are 
consistently involved in rearrangements or 
numerical changes in malignant cells, also 
contain fragile sites, albeit localized to 
different chromosomal bands. To summar- 
ize, 7 of 17 fragile sites occur at specific 
chromosomal bands involved in non- 
















frequently seen. Although sometimes seen P 2 3 x 6 7 b 
in tumours of embryonic origin, in || FRAGILE SITE 13 pid a? paa pt aoe" 
meningiomas and in some other solid | | 7 

tumours. St ‘ck romosomal trans- ONCOGENE ae Rat"! fagh? se Erb B ae 

ions are a prominent feature in certain pie : Foe oni im 
__ types of leukaemia and lymphoma. It is in | |“asensarion "28 delap) oo 
_ these diseases that the association of fragile 6 5° 
c site location and chromosomal abnor- were 
- malities is most remarkable, DISEASE BL LUNG Ca ANLE ANLE a 
Eleven nonrandom chromosomal on T 


„abnormalities observed in leukaemia and 
fiymphoma involve six regions known to be 
’ fragile sites in some individuals. Thus band 
p23 of chromosome 6 contains a fragile site 
and is also the breakpoint in the chromo- 
somal translocation specifically associated 
„~ with increased bone-marrow basophils in 
„acute nonlymphocytic leukaemia’. The 
„translocation t(6;9)(p23;q34) results from | | AMMOL,. z: 
ange of segments between | | crisis; NHL, on: ' eunhe 
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oncogene, karyotypic aberrations 
fragile site (») or cellular oncogene (p> ); 


having the disorders listed. Additional 
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has been identified at 8q22. A fragile site at 


seen in acute monoblastic leukaemia’. 





Diagram of chromosomes containing known fragile sites; the chromosome number, fragile site, 
and associated neoplastic diseases 

chromosome. The arrowheads to the left of each chromosome indicate 
the arrow(s) to the right of.a chromosom 
specific bands involved in consistent translocations ( —) or deletions ( --- 
! symbols (*, # , 2 
ALL, acute lymphoblastic leukaemia; ANLL, acute nonlymphocyt 
te myeloblastic leukaemia; 
onocytic leukaemia: AMO 
































































random abnormalities, and 
chromosomes containing fragil 
involved in nonrandom ni 
structural changes in malignan 
If the coincidence of the rel 
between chromosomal rearran; 
malignancy and heritable frag 
meaningful, one might expe 
patients with chromosom 
ments also to be carriers of 
affecting the involved chromos 
liminary data from three source 
that this may be so. Yunis for d 
lation between three fragil 
chromosomal rearrangement 
patients with cancer!“ the (no 
nant) lymphocytes of one of twop 
with small-cell lymph oma and 
t(11;14)(q13;q32) showed a fragile 
11q13;athirdlymphoma patient who 
t(12;14)(q13:q32) also had a fragile site 
12q13; and two patients with acute my 
monocytic leukaemia and an inversion 
chromosome 16 [inv(16)(pi 3q22)] als 
carried a fragile site at q22. In a separat 
study'’ of three patients with the same 
disease and an inv(16) or del(16)(q22), only 
one had a fragile site at 16q22. We have ob 
served a fragile site at 16q22in lymphocytes. 
from four of five patients with acute 
myelomonocytic leukaemia and an inv(16), 
but not in five healthy controls (unpub- 
lished). rere 
Since recent studies indicate that upto 25 
per cent of patients with acute myelomono: 
cytic leukaemia may have an inv(16) in 
their malignant cells'’, one might predic 
that families whose members have a fragile 
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an inv(16) or del(16) in their malig- 
nt cells. Such families have not yet been 
id. Nor is it known whether individuals 
i haematological malignancies and 
rearrangements at known fragile sites 
carriers of a heritable fragile site on the 
red chromosome. With respect to this 
sibility, the t(8;21)(q22;q22) is partic- 
arly intriguing because both a fragile site 
d a cellular oncogene (c-mos, the cellular 
unterpart of the oncogene of Moloney 
nurine sarcoma virus) have been localized 
to 8q22 (ref.18). Ten of the twelve auto- 
somes in the figure carry both an oncogene 
and a fragile site but only in the case of 
_ chromosome 8 are they coincident; the cel- 
lular oncogenes of chromosomes 6, 8, 9 and 
ll are in the same regions as the disease- 
related breakpoints, with c-myb on 6q15- 
q24, c-mos on 8q22, c-myc on 8q24, c-abl 
on 9934 and c-ras™™' on 11p15 (ref.19). 
-While the structure of fragile sites is un- 
known, they presumably represent 
chromosomal segments which do not 
undergo normal compaction during 
mitosis. Whether this would serve to pre- 
dispose the segments to rearrangement is 
an intriguing, but unanswered, question. 
More importantly, we are left with the 






















basic questions of whether fragile sites act 


Oceanography 


t 16q22 would develop the disease and 


as predisposing factors for chromosomal 


rearrangements in human neoplasia and - 
whether they carry genes whose functions | 
are related to malignant transformation. In | _ 


either case, the role of selection cannot be 
overlooked, because a particular rear- 
rangement will result in clonal expansion 
only if it provides the affected cell with a 
growth advantage over normal cells. 0 
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Sea-bed uplift by phase transition 


from Peter J. Smith 


Way should the depth of the ocean floor be 
proportional to the square root of the age 
(f of the lithosphere in regions of seafloor 
spreading only for lithosphere of up to 
about 70 Myr old? Beyond that, in most 
spreading zones, the ocean floor surface 
-rises higher than the level predicted by the 
_ formula, so that for lithosphere 160 Myr 
old the discrepancy is on average about 
800. m (in about 6,000 m). 
< A number of geophysical models have 
been proposed to account for this uplift, 
although only that of Crough (Tectono- 
ph , 321; 1979), later developed by 
Heestand and Crough (J. geophys. Res. 86, 
6107; 1981), has hard data in its favour. 
One defect of all current geophysical 
models is that they take the oceanic litho- 
phere to be physically and chemically 
omogeneous, whereas, in other contexts, 
t is widely admitted to by anything but 
mogeneous. Thus most models assume a 
lominantly basaltic crust overlying a 
‘peridotite-rich upper mantle which 
r may not include basaltic layers. Itis 
kely that both the basaltic and peridotitic 
‘omponents of the lithosphere will 
indergo mineralogical and hence physical 








positive gradi 


observation and the £“ formula. Which is 
precisely what Wood and Yuen have now 
done with some success (Earth planet. Sci. 
Lett. 66, 303; 1983). 

Given the uncertainties in lithospheric 
composition, the possibility of discontinu- 
ities in composition and the number of pos- 
sible changes in mineralogy/petrology in 
both space and time, this is no easy task. 
Wood and Yuen therefore chose to con- 
centrate on the phase transition from 
intermediate-pressure spinel lherzolite to 
high-pressure garnet lherzolite, a transition 
widely used to model lithospheric-upper 
mantle petrology. The spinel region is 
widely supposed to be the source of mid- 
oceanic ridge basalts and overlies the 
garnet region which is regarded as being 
close to undepleted mantle. 

Because the spinel—garnet transition 
plays a crucial part in many oceanic litho- 
spheric models, it has been extensively 
studied in the laboratory at high 
temperatures and pressures. In particular, 
there are now several sets of data, each 
showing that as temperature increases, 
pressure must also increase to allow the 
transition to take place. In short, the 


pressure-temperature boundary curve — 
between the spinel and garnet fields has a | 
ent or Clapeyron slope. This _ 
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between pressure and temperature have 
always been determined at temperatures 
above 850°C in order to work at practic- 
able reaction rates, it has remained a possi- 
bility that the Clapeyron slope is negative at 
temperatures more appropriate to parts of 
the oceanic lithosphere. 

To investigate that possibility, Wood 
and Yuen used a combined theoretical- 
experimental technique developed by (the 
same) Wood and Holloway (J. geophys. 
Res. 87, A19; 1982) which essentially 
involves collection of complete thermo- 
dynamic data for each phase involved in 
the reaction and calculation of the stable 
mineral assemblage at each required 
temperature and pressure so that an equi- 
librium boundary can be pinned down. 
Wood and Yuen show that in the case of the 
spinel—garnet transition below about.» 





850°C, the Clapeyron slope is indeed y” 


negative. 

Armed with the Clapeyron slope, the 
position of the spinel—garnet transition in 
the oceanic lithosphere can then be 
specified. Because, in the relevant 
temperature region, the Clapeyron slope is 
negative (that is, as the lithosphere cools 
and the temperature decreases, the 
pressure required to effect the spinel- 
garnet transition needs to be increased), the 
transition gets deeper with age in the period 
of interest (>70 Myr). Assuming isostatic 
compensation and conservation of mass in 
the lithosphere, it then becomes possible to 
determine the effect on topography. 

It is easy to see what happens qualitative- 
ly. As the transition boundary drops with 
age, the thickness of the less dense spinel- 
phase above the boundary will increas ~~ 
and hence the level of the ocean floor wir 
lie higher than it would in the absence of the 
phase transition. Numerically, however, 
there is no unique solution. The precise 
effect of the spinel-garnet transition on 
elevation will depend on the exact composi- 
tion of the lithosphere, on thermal diffusi- 
vity and on the Al, O, content of the Iherzo- 
lite. But with reasonable ranges for all of 
these, Wood and Yuen conclude that the 
spinel-garnet transition could account for 
50-300 m of the uplift relative to the 1” 
curve at 160 Myr. | 

Although this is a significant proportion- 
of the observed uplift, it is by no means th 
whole of it. But then Wood and Yuen ar 
not ruling out contributions either from _ 
other phase transitions or from geothermal - 
phenomena. What they have demonstrated _ 
is the important principle that the explana- 
tion of the elevation of older oceanic litho 
sphere can no longer be regarded as 

ylely within the province of g 
aE th 

















A new Eart 





ee _ thermodynamic components of which the most important are 
_ the atmosphere, ocean and continental ice. The most reliable 
tool for climate modelling is simulation of the weather ensemble 
using three-dimensional hydrodynamic models. When applied 
to a complete three-component climate model, however, this 
approach is unacceptable due to the large differences in the 
inertia of the atmosphere, ocean and continental ice, which are 
in a ratio of ~1:107:104 
™p..changes, therefore, should be based on simplified models allow- 
— | ing for the evolution and interaction of all three climate com- 
ponents. Available approaches consistent with the above 
requirements can be divided into three general groups. The first 
group comprises calculations of the evolution of ice sheets for 
assigned mass influxes on the surface of glaciers'*. The second 
group includes two-component atmosphere—continental ice 
models*~° in which the climate-forming action of the ocean js 
allowed for by using either the effective coefficient of horizontal 
heat diffusion or the inertial Seasonal actor in the form of local 
_ heat reservoirs. Finally, the well-known investigation of oscilla- 
tions in a three-component climate system?” is based on a 
- zero-dimensional model. 
_ This article describes a version of a three-component system 


combining previously developed one-dimensional models for 
separate components?!7!5, 


he statistical ensemble of states of active 
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Fig. 1 Ocean model, 1, Western 
boundary layer: 2, open. ocean; 3, 
land; 4, deep ocean; 5, equatorial 
_ belt (g,<9<¢@,); A~ A, vertical 
ke section. 
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to evaporation and condensation, A and Az the contin 
ocean fractions (A, +A2= 1), g the accelerator du to gr 


P the rate of precipitation, a the Earth’s: radius, ¢ 

V the meridional component of the velocity, © the pote 
temperature, q the specific humidity, p= 50,000 
100,000 Pa, C, the specific heat of air at constant pre 
x=R/C,, R the air gas constant, E the rate of evaporation. 
is assumed that the meridional heat transport is realized by the 
-fon-stationary synoptic turbulence parameterized as rec 
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mended in ref. 16: VO=-—k|a@/ag [30/3p; Va 
~k |80/ðp | əq/ðp, where k is the coefficient of horizonta 


diffusion. Calculation techniques for the heat inputs are ba aC 
on the recommendations given in ref. 17. For potential tem- 


perature we thus obtain the ordinary second-order differentia 


temperature of the continents, sea and terrestrial ice covers is 
calculated using the equation of local heat budget: 3; G,=0 
(here, G,, G, are short-wave and long-wave heat Tadiation 


inputs'’, G;= ~H3,, Gy=— LE (where Z is the specific 
of evaporation). ee 


The ocean model 


In an ocean of angular width A,, we separate a layer of th 
seasonal and main thermocline of depth A and an abyssal I; 
of thickness H — h (where H is the ocean depth). The oc 
upper layer is divided into an open ocean of width A & 
western boundary layer of width A’« A to compensate fo 
meridional mass transport in the open ocean (Fig. 1). 
Reduced to divergent form, the equations of heat cond 
and continuity are averaged over the vertical and al 
latitude circle within each region: ease 
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he ret is the time, T the temperature, z the depth, A the 
ongitude, U, V the longitude and meridional components of 
he velocity, p, c the seawater density and specific heat. 
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1G: is ‘the heat exchange of the oceanic upper 
with the atmosphere, and Q, the heat exchange between 
ind abyssal layers. The vertical temperature profile 


an is assumed to be known 



































Fig. 2 Schematic representat io 
climate system. 1, Glaciers (equation: 
(9) and equation of local heat 
budget); 2, Ocean: 2.1... we 

boundary layer (equations: ee 
2.2, open ocean (equations (5), (p 


2.3, deep ocean (equation (7)); 2.4, 
sea ice (equation of local heat 
budget). 3, Atmosphere (equations 
(1), (2)). 4, Ice-free land (equation 
of local heat budget). 5, input of 
short-wave radiation at the top of 
the atmosphere; r,, atmospheric 
albedo; r,, underlying surface albedo 
(different for ice, land and sea); Ty 
atmospheric temperature; oT”, 
long-wave radiation fluxes; H, E, 
vertical turbulent fluxes of heat and 
moisute, P, precipitation: x, rt, r7, 


k 34.47 
atmospheric parameters! ®! ’, 
















calculated using the geostrophic relationship: fu. > 
—1/po: dp/(aae); ap/az=pg, p=0 at z=0; pe 
po{1-a@(T—To)], where f is the Coriolis parameter, po the. 
density of seawater and a the coefficient of thermal expansion. 
of the water. 

Meridional heat fluxes in the upper layer are written in the 
form of the product of mean temperature and net flux: 
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In the equatorial belt (region 5 in Fig. 1), where the geostrophic 








relationship is not valid, meridional advection is not taken inte 
account and the surface temperature is calculated: using ra 

equation of the local heat budget. In the abyssal region, ths 
meridional heat transport is described in terms of the diffusion 
mechanism: | nana 


A tA H f tee 
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Heat exchange between the upper and abyssal layers is calcu- 
lated using the formula Q; = kpc {T,— Tg) h. Equations (3) and. 


(5) are ultimately reduced to ordinary first-order equations with 


respect to T, and Tz. To these is added a second-order equation — 
with respect to Ty. 
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Fig. 4 Climate system evolution for different initial conditions: 
1,.®, =~ 2/4; ©) = 9/4; T, = 250K; T,= 290K: Ta =275 K. 2. 
nPE ~ 9/2; &, = 2/2» distributions of Ta T, Ty are present 

functions. 3. ©, = ~ 7/2; ©, = 7/4; distributions of Ta, T,, Ty are 
present functions. 4, ©, = —~7/2; ©, =0; distributions of Teda 

Tg are present functions. 5, ©, =0; b:=0; T,= 240K; T= 
275 K; T,= 275 K. Region of steady-state oscillations is blackened. 

System position on phase plane is marked every 3,000 yr, Tyn 
“continental temperature. a, Phase plane, ©,-T,,,; b, phase plane, 
D-T _ 
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and aT / dp = 0. The system as a whole is solved by iterations. 





The ice sheet model 


‘The extent of the ice sheet is defined by the integral mass 
Jalance; 
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Fig. 6 System evolution for the case when at the initial moment 
of time all the land was covered by glaciers. y 





The three-component system o 
The entire climate system is represented schematically in F 


2; heat and mass exchange are indicated by arrows. Short-w 

radiations at the top of the atmosphere and the continent: 
fractions are specified ‘for calculating ‘climate. evolutio 
time-step for ice sheets is taken to be 1,000 yr. Accu 
is determined by precipitation calculated in the at 
part and ablation is defined in terms of surface t empera 




































using the empirical relations given in ref. 18. The oce 
with a time-step of 100 yr, exchanging heat and m 
the atmosphere. If at some latitude, the ocean sur 
perature reaches freezing point, sea ice is assumed to. 
formed there. The non-inertial atmosphere and ice-fi 
tinents correspond to oceanic conditions. 2 
Figure 3 shows the evolution for the present flux o 
radiation at the top of the atmosphere and A 1=0.33=6 
$1.2 = %2.5"; ¢3.4* +87.5°. Initial conditions are giv 
position of ice sheet boundaries assigned at latitudes ®, 
p, = 7/4; the glacier thickness is taken to be 2,000 m 
vertical mean. atmospheric. temperature, ocean su 





perature and deep ocean temperature everywhere are a 
to be: T,=250K, T,=290K and Ty=275K. At su 
times, the glaciers retreat to higher latitudes due to the 
initial high ocean surface temperature in polar region 
causes an increase in the mean values of atmospheric an 
temperature. At the same time, a change occurs in. th 
profile of T,, T,, Ta and of continental temperature T, 
shown in the figure), in accordance with the distribution of 
solar heat inputs, which after several thousand years causi 


glaciers to spread to lower latitudes. 
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Fig. 7. Sensitivity of climate system to changes in solar radiation 
flux S/S, and continent fraction. Ordinate axes are steady-state 
, values of space~mean quantities. 


planetary albedo and heat and moisture flows calculated for this 
state using the model are in qualitative agreement with empirical 
data. At the same time, however, there are also differences due 
_ to the strongly idealized distribution of land and sea (Fig. 1). 
For example, the presence of land in the model at latitudes 
_ higher than 70° N led to the formation of a large ice sheet there, 
overcooling of the atmosphere and continents of the northern 
polar region and spreading of the glacier south of the present 
limits. The model glacier of the southern polar region spread 
nearer to the Equator than its present analogue, the Antarctic 
Ice Sheet bounded by the ocean. In the equatorial region, the 
model continent fraction is greater than real values, therefore 
the calculated temperatures at the Equator are somewhat higher 
than those measured. The mean global values of the quantities 
re in good agreement with measurements. The atmospheric 
emperature was 255K (compare with 256 K in ref. 19), the 
ontinental temperature, 286 K (288 K in ref. 20), and the ocean 
rface temperature and mean temperature of ocean waters 
peared to be, respectively 290 and 278 K (291 and 279 K in 
f. 21). We note that in ref. 14, where the climate of the 
mosphere and continents was calculated at an assigned ocean 
rface temperature and present fraction of the continents, using 
he same equations as in the three-component model in question, 
he meridional temperature profiles were quite close to 
measured profiles. 
Figure 4 shows the sensitivity of the system to changes in the 
nitial conditions. It can be seen that the trajectories on the 
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phase plane orig 
point, curve 2 corre 
ice-free Earth and 


what higher than freezing point. Furthermore, it is impossible 
to estimate the stability of the hypothetical state of a ‘white 
Earth’, as the heat and momentum fluxes through sea ice are 
assumed to be zero and the model mechanism of heat transport 
by oceanic currents no longer corresponds with reality. 


component climate system. Our model attempts to take i 
account all the main mechanisms of interaction between clima aS 
components. Considerable refinement and further detailed study = 


& Chalikov, D. V: Ize. Akad. Nauk SSSR Ser. Phys. Atmos. Ocean 18, 


















ponding to the initial ¢ 
curve 5 to glaciers coverin 


0 is assigned a value some- 






Figure 7 shows the sensitivity of the system to changes in the 


flux of solar radiation and continent fraction. For the present 
continent fraction, the regime of an ice-free Earth appears to 
be reached by a 20% increase in the solar constant, while the 
state of a ‘white Earth’ is not obtained even if solar radiation 
is reduced by 20% although the glaciers do reach 23° N and $ 
and the atmospheric and ocean surface temperatures fall to 
345 and 275K respectively. If we use the estimates accepted 
in the theory of climate, then S$ aT,/dS/100~0.9K and 
S db/dS/100 = 1.7° of latitude, that is, lower than similar esti- 


"y 


mates obtained previously’??? using energy balance climate 

models (for a review of this problem, see ref. 24). This lack of 

correspondence is due to the different approach used to describe __ 
changes in the albedo. In one-component climate models ol 4 
energy balance (for example, refs 25-27), the albedo is defined 
by the underlying surface local temperature, whereas in our 
model, the continental albedo depends on the extent of the ice 
sheet calculated using equation (9) and the ocean albedo 
depends on the area of sea ice, Increasing solar radiation leads 
to rising temperature and increased glacier melting, but also to 
enhanced global evaporation and, consequently, mass influx to 
the ice sheet surface. Moisture transport towards polar latitudes 
is intensified due to the growing difference of the Equator~Pole 
temperatures. The glaciers retreat (and the albedo decreases), 
but the retreat is appreciably compensated for by increasing 
precipitation on their surface. For decreased solar radiation, 
reverse processes take place. This is indicative of the stability 
of the Earth’s climate in a wide range of perturbed solar constant 


regimes. 








An enhanced continent fraction makes a climate colder: ocean 


and atmospheric temperature decreases and glaciers spread 
closer to the Equator and vice versa (see also refs 28, 29). 


This article formulates the simplest version of a three- 






are possible within the framework of this general approach; for 
example, generalization of the model ocean for the real distribu-. 
tion of land and sea, and allowance for seasonal variations 
(mainly, snow and ice covers) will make it possible to obtain 
more accurate estimates and to come close to mathematical 
modelling of the Ice Ages. 3 
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‘ucleotide sequence of 3-hydroxy-3-methyI- 
coenzyme A reductase, 
a glycoprotein of endoplasmic reticulum 
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eee 
The nucleotide sequence of a 4.8-kilobase mRNA for hamster 3-h 
-endoplasmic reticulum enzyme that controls cholesterol biosynthesi 


(molecular weight 97, 092) which contains three potential sites for asparagi 


transmembrane glycoprotein, but in contrast to many other transmembrane glyc 
NH,-terminal signal sequence. 
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INTENSE current interest in the enzyme 3-hydroxy-3-methyl- 
glutaryl coenzyme A reductase (HMG CoA reductase) stems 
omg. from the observation that transcription of its messenger RNA 
“1 is susceptible to negative feedback regulation mediated by (bp) of 5’ 
~~ cholesterol and other isoprenoid products, a regulatory action region. Because of the unusually large size of reductase mRNA 
that controls the cholesterol level in cells and in plasma'*. HMG : 
CoA reductase synthesizes mevalonate which is used for the 
production of cholesterol and other isoprenoids such as dolichol, 
ubiquinone and the isopentenyl group of transfer RNAs’. The 
reductase is also of considerable interest because it is a gly- 
coprotein that remains inserted in the endoplasmic reticulum 
(ER) membrane after its synthesis and glycosylation there; much 
less is known about the primary structure and mechanisms for 
membrane insertion of ER-associated glycoproteins than of 
glycoproteins that are exported to other sites after their synthesis 
and glycosylation in the ER. 

Studies of reductase at the molecular level have been made 
possible by the recent development of a line of cultured Chinese 
hamster ovary (CHO) cells in which the reductase gene has been 
duplicated (amplified) 15-fold?, These cells, designated UT-1 
cells, were obtained through adaptation of CHO cells to growth 
in increasing concentrations of compactin, a competitive 


T inhibitor of reductase*. In UT-1 cells the levels of reductase S-methionine was found at Positions 1, 8, 31, 32, 34 and 36 
` mRNA‘ and the protein itself? are increased more than 100-fold *H-phenylalanine was found at positions 6 and 12. These posi 
compared with parental CHO cells. The reductase in UT-1 cells tions corresponded to those. predicted by the cDNA sequenc 

is a transmembrane glycoprotein with a molecular weight (M,) (Fig. 2). tert 
of ~97,000 that contains one or more asparagine-linked high- 
mannose carbohydrate chains. It is located in hexagonally- 
packed, smooth tubular membranes designated crystalloid 
















































Figure 2 shows the nucleotide sequence of reductase cDNA 
and the predicted amino acid sequence of the protein. The 
mRNA encodes a protein of 887 amino acids with a M, of 
97,092, a value that agrees with the most recent estimates of 
the M, of reductase by SDS-gel electrophoresis’. To confirm 
the amino acid sequence at the NH)-terminus, we used radio- 
chemical sequencing. UT-1 cells were cultured in the presence 
of *°S-methionine or *H-phenylalanine and the immunoprecipi- 
tated reductase was subjected to Edman degradation (Fig. 3 






To confirm the amino acid sequence at the COOH-terminus 
we prepared a synthetic peptide corresponding to the last. 
amino acids of the predicted protein sequence. In experim 
to be reported elsewhere, we showed that antibodies 
against this peptide react specifically with the reductase 


ER?°, 











vels of reductase mRNA in UT-1 cells permitted 
lier isolation’ of a recombinant plasmid containing a 
kilobase (kb) cDNA that was complementary to part of the 
ntranslated region of reductase mRNA. We have now iso- 
‘lated several overlapping cDNAs (spanning 4.8 kb in length) 
that encompass the entire coding region and much of the $’- : a 
and 3'-flanking regions of reductase mRNA. From the nucleotide Signal soli, ame 


equence of these cDNAs, we have now deduced the primary A transmembrane orientation for reductase was sugge 
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determined by immunoprecipitation and immunoblotting 
niques. Thus, the predicted amino acid sequence of reducta 
was correct at both ends. oe 





mino acid sequence of the 97,000-M, reductase protein which earlier from two observations: (1) the active site of the en 
is presented and analysed here. } 1s present on the cytoplasmic side of the membrane, from‘ 
it can be released by proteolytic digestion*®; and (2) the en 

Nucleotide and ino acid sequences contains at least one asparagine-linked high-mannose c 


. hydrate chain that remains associated with the membran 
Five overlapping cDNAs of varying length were isolated, and. _ proteolysis and that is presumably on the luminal side 
_ their nucleotide sequences were determined by a combination — mechanism by which reductase is inserted into the ER membr 

e, only one other class of ER proteins, the ribop! 
en shown to contain carbohydrate’. Both 
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j Fig. 1 Restriction map of hamster reductase cDNAs and location of fragments used to determine the nucleotide sequence. The top. scale. 
designates the nucleotide positions (in kb) relative to the protein initiator codon beginning at position 1. The restriction map shown in the | 
“second line is a composite obtained from the five cDNA inserts. The poly(dA)-poly(dT) and poly(dG): poly(dC) tails are not shown. The 
protein coding region is indicated by the thick line. The arrows beneath each cDNA indicate the direction and extent of sequence determination 
for each fragment analysed. Vertical bars at the ends of the arrows indicate fragments that were subcloned in M13 vectors and sequenced by 
-thé dideoxy terminator method"; solid circles at the ends of the arrows indicate fragments that were “*P-labelled at the 3’ end and sequenced 
“by the method of Maxam and Gilbert’. Double slash marks in certain arrows indicate that the restriction sites used for sequencing or cloning 
were located in the vector DNA beyond the cDNA insert. 
Methods: The five cDNAs were isolated from two libraries. pRed-10 was isolated from library 1 as described elsewhere”. The other four 
- eDNAs were isolated from library 2, which was made with the vectors and methods developed by Okayama and Berg**. To create this library, 
-about 10 pg of poly(A)” mRNA from UT-1 cells were used as a template for cDNA synthesis**. Escherichia coli strain y1776 cells were 
-i transformed with the resultant cDNAs. An aliquot of the 71776 library was amplified with chlor amphenicol, and plasmid DNA was isolated 
as described previously**. E. colt strain RR1 cells were transformed with this cDNA, and pRed-42 was isolated from the transformants by 
differential colony hybridization’. pRed-202, -206 and -227 were isolated from a portion of library 2 that was enriched for longer cDNAs 
* by the sub-library method*’ and screened with *P.labelled 5'-fragments that were chosen to yield increasingly longer cDNAs. For this 
<o purpose, each aliquot of 30 ug of total plasmid DNA isolated from the amplified library 2 was digested with 60 U of Sall endonuclease for 
-Vheat 37°C in 6 mM Tris-HCl ( pH 7.9), 150 mM NaCl, 6 mM MgCl, 6 mM 2-mercaptoethanol and subjected to electrophoresis in 1% low 
-gel temperature agarose in 40 mM Tris-HCI (pH 8.2), 20 mM sodium acetate, 20 mM NaCl and 2 mM EDTA at 4 °C. Linearized plasmids s 
with cDNA inserts of 4-6.5 kb were excised from the gel and the DNA was recovered after two extractions each with phenol and with 
thenol/chloroform (1: 1) and one extraction with chloroform. The aqueous phase was adjusted to 2M ammonium acetate and precipitated 
th 2 volumes of ethanol; 0.5 wg of the precipitated plasmid DNA was recircularized in a 100 pl reaction containing 100 mM Tris-HCI ( pH 
7.5), 20 mM MgCl,, 5mM dithiothreitol, 0.5 mM ATP and 0.2 U T, DNA ligase at 14°C for 15h. The recircularized DNA was then used 
-to transform CaCl,-treated E. coli strain HB101 cells. Approximately 2-1 0x 10° transformants were obtained from each 30 BB of, starting 
DNA. Colony screening was carried out by standard techniques with *?P-nick-translated DNA fragments (2x 10° c.p.m. mi); 10° c.p.m. 
per pg DNA)". 4x 10* transformants from the size-fractionated library 2 were screened to obtain pRed-202, -206 and 207, 








s class resemble typical plasma membrane and secreted gly- TAA, are found 27 and 42 bp, respectively, 5’ to the initiator 
proteins in that they possess hydrophobic NH,-terminal signal methionine DNA codon. These data suggest that there is no 
ces that mediate membrane insertion co-translationally | NH)-terminal extension on the reductase and that translation 
‘then cleaved from the protein. The ER also contains begins at the methionine designated as position 1 of the cDNA 
s that span the membrane, but lack carbohydrate. Two sequence. This finding is in contrast to many cellular and viral 
se pens ue ee P-450 Arel. 10) and kere transmembrane glycoproteins that have cleaved signal se- 
k quences, for example, erythrocyte glycophorin, heavy chains of 
membrane-associated IgM, the histocompatibility antigens, the 
6 subunit of the acetylcholine receptor, G protein of vesicular 
stomatitis virus, and haemagglutinin of influenza virus'* | 
It seems likely that the reductase contains an uncleaved i in- 
ternal signal sequence similar to that which has been reported 
for ovalbumin (a secreted glycoprotein)'*, the anion transport 
protein, band HI of the erythrocyte (a plasma membrane glyco- 
protein)'’, and MP26 of bovine lens fibre (a plasma membrane 
hioni | ine: n is poi as $ position 1 pane >) This protein that lacks ricki Such internal: i seanair T 
mine is retained at the extreme NH)-terminus of the tater act with thes g co-translas 


we a 


re pro ethioni evans its TEE to upheny $ alanine 
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-463 n abe oe TOYRIONCOTGICTTTCTCCTARGGSGCETAGGCTCATGATAACTEATGTCCTCRCCTYGCACTCCYTT TGGAATIATTZGGTTTGAGTGAAGAAGACCGGACCTTCGAGG TCGCAACTTARACAATAGACTTGTGAGGATCE i 


+ ATS FTG TCA CGA CTT TE cer AE gat GBC CTE, TTY GTG GCC YCC CAT CCC TOG GAA GTI ATT GTG GGG ACG GTG ACA CYT ACC ATC TGT ATG ATG ICC ATG AAC AIG FIC ACT GSC AAC AAC AAG ATC Tat GGT Tag A 

MET Leu Ser Arg Leu Phe Arg MET HTE Sty: Lew. Phe. Val Ala Ser His Pro trp Gtu Val ile Val Gly Thr Val The Lew Thr [le Cys MET MET Ser MET Asn MET Phe Thr Giy Aso Asn Lys Ele Cys Gly Trp As 

484 CCA AAA THY GAG GAG GAT GTA TTE AGC AGT GAC ATC ATC ATE CYC ACC ATA ACA CGG TGC ATC GCC ATC CTG TAC ATT TAC TTC CAG TTC CAG AAC TTA CGY CAG CTY GGG TCG AAG TAT ATT TTA GGT ATT. 6¢T ga 4 
Pro Lys Phe Glu Gly Asp Yal | Ser Ser Asp Ne He ile Leu The Ete Thr Arg Cys fle Ala lle Ley Tyr Ile Tyr Phe Gin Phe Gin Asn Leu Arg Gin Leu Gly Ser tys Tyr He Leu Gly He Ala Gly be 






































TÈ ATT CAC TIC TTA GAC AAA GAA CTG ACG GGC TTA AAT GAA GCT TTG CCC TT THC CIG CTT TTG ATT GAC CTT ICT AGA GCG AGT GCA CTA GCA AAG TIT GCC CTA AGT TCA-AAC 


304 TIC TCA AGT TIT GTC TIT AÙ : CA’ BAK 
He Nit Phe Leu Asp Lys Glu Leu Thr Gly Leu Asn Glu Ala Leu Pro Phe Phe Leu Leu Les Te Asp Lew Ser Arg Ala Ser Ala Leu Ala Lys Phe Ala Leu Ser Ser Aba 


Phe Ser Ser Phe Val Phe Se 





TG GCA ATT CYG GEC COC ACA TTC ACC CTY GAT GCT CIT GTG GAA IGT CTT GTA ATT GGA GIT GGC ACC ATG TCA GGG GTG CGT CAG CIT GAA ATC ATG TGC TGC TIT Got Téa 


Tota the Leu Gly Pro Thr Phe Thr Leu Asp Ala Leu Yal Glu Cys Leu Yat fle Gly Val Gly Thr MET Ser Gly Val Arg Gin Leu Glu fle MET tys Cys Phe Gly Cys N 


| GAT GAA GTA AGG GAA AA 


Asp Glu Val Arg G1 








TTY TIC CCA GCG TGT GIG Tee CTG GTC CYT GAG CIT TCT CGG GAA AGT CGA GAG GGT CGT CCA ATT YGG CAG CTT AGC CAT TTT GCC CGA GYT TYG GAA GAA GAA GAG AAT’ A 


6Q4 GTG CTT GEC AARC T oT UT AAR CE 
Phe Phe Pro Ala Cys Val Ser Leu Yal Leu Glu Leu Ser Arg Glu Ser Arg Giu Giy Arg Pro ile Trp Gin Leu Ser His Phe Ala Arg Val Leu Glu Glu Glu Gte Asal ys Pro. 


Val Leu Ala Ast Ty 





764 CCT GTA ACE C 


; A TTA. GGT TTo GTY CTT GTF CAT GCT CAC AGT CGA TGG ATA GCT GAT CCT TEC ECY Puea the GAA CAY TCT AAA GfC Tee TTG GGA CTG GAT GAA GAT ate 
ro Val The. 


Se Lew Giy Lew Val Leu Val tis Ala His Ser Arg Trp [le Ala Asp Pro Ser Pro Gin ASH Ser Theethr Giu His Ser Lys Val Ser Leu Gly Leu Asp Glu Asp Val Serb 


Te TCC AG ATG ATC AGC ATG GAC ATT GAA CAA GTG GIT ACC CTG AGC TTA GCT TTT CTG TIG GET GTC AAG TAC ATT TTC TTT GAA CAA GCA GAG ACA GAG TCC ACA-CIG TCT 
“eu Ser Lys MET Ie Ser MET Asp fle Glu Gln Yal ¥al Thr Lew Ser Leu Ala Phe Leu Leu Ala Val Lys Tyr Ne Phe Phe Glu Gln Ala Glu The Giy Str Thr Law $ 


AAG AAA GET CCA GAC AAC YGT YGT AGA CGG GAG CCT CIG CTT GTG AGA AGG AGC GAG AAG CIT TCA TCG GTT GAS GAG GAG CCT GGG GTG ASC CAA GAT AGA AAA OTT DAL 
Lys Lys Ala Pro Asp Asn Cys Cys Arg Arg Glu Pro teu Lew Val Arg Arg Ser Glu Lys Lew Ser Ser Val Glu Glu Glu Pro Gly Yal Ser Gin Asp arg Lys Wal ha 


4084 AAA AAT CCT 








ABCOAGA.GCT AKA TTT GTG CTY Gog Gee Ter GGG ACC AGC CCT CCA GIG GCA GCG AGG ACA CAG GAG CTT GAA ATT GAA CIC CCC AGT GAG CCT CGG CCT AAT GAA GAR TGT CTG: CAG: ATA Be 
Ser Arg Ate Thr Phe Vaj Leu Gly Ala Ser Gly Thr Ser Pro Peo Wal Ala Ala Arg Thr Gin Glu Leu Glu Tle Glu Leu Pro Ser Glu Pro Arg Pro Asn Glu Gly Cys Lee Glan Ere 








CTT age: GAT GCA. GAG ATC ATC CAG TTG GTC AAT GCC AAG CAC ATC CCA GCC TAC ARA YTG GAA ACC TTA ATG GAA ACT CAT GAA CGT GGT GTA TET ATT COC tG CAG tre CIC Tee: ACA: bs 


lew Glu Se "AT ken Ser. Asp Ala Glu He Tle Gin teu val Asn Ala Lys His He Pro Ala Tyr Lys Leu Glu Thr Leu MET Glu Thr His Glu Arg Gly Val Ser Ile Arg Arg Gin Leu-Lew Ser Thr 860 











Gas Cor ret 


1804 AAG CTT COA GAG CCT TCT TCT CTG 
bys Leu Pro Glu Pro: Ser’ Ser 


‘CAG TAC CTG-COT TAC AGA GAT TAT AAT TA CTG GTG ATG GGA GET TGC TGT GAG AAT GTG ATC GGA TAT ATG CCC ATC CCT GTC GGA GTA GCA GGG CCT CTG TGC CTG GAT GGT AAA GAG TACO OOO 
Gin Tyr Leu Pro Tyr Arg Asp Tyrfaso Tyr Ser]ieu val NET Gly Ala Cys Cys Glu Asn val Me Gly Tyr MET Pro fle Pro Val Gly Yal Ala Gly Pro Leu Cys teu Asp Gly tgs Gta Tyr ASO 
4684 CAG GTT CCA ATG GCA ACA ACG G 


a GGC TET CTG GTG.GCC AGC ACC AAC AGA GGC TEC AGG GCA ATA GOT CTT GeT GGA GGT GCE AGC AGC GG GTC CTT GCA GAT GGG ATG ACC COG GGE CCA GTG-GTG CGY CTT cer cer ser ter gat 
R Wat Pro MET: E 


Bly fys Leu Yal Ala Ser The Asn Arg Gly Cys Arg Ala Ile Gly Leu Gly Gly Gly Mla Ser Ser Arg Val Leu Ala Asp Gly MET Thr Arg Gly Pro val Val Arg Leu Pro Arg Ata Cys Aug i 





1804 TCT GCA GAA GIG AAG GCC TEG CTT GAA ACA CCC GAA GGG TIT GCG GTG ATA AAG GAC Ate nC GAT AGC ACT AGC AGA TTT GCA CGT CTA CAG AAG CTT CAT GTG ACC ATG GCA GGG CGC AAC CIG TAC ATC CGT TYÈ CAG TEC ARG ACAD COI 
Ser Ala Gla Valo bys Ala Trp Le Gla The Pro Glu Gly Phe Ala Val Ite tyS Asp Ata Phe Asp Ser Thr Ser Arg Phe Ala Arg Leu Gin Lys Leu His Val Thr MET Ala Gly Arg Asn Leu Tyr Ie Arg Phe Gia Ser kys The gso 


1994 GGG GAT GCC ATG GGG ATG AAG ATG ATT TCC ANG GGC ACT GAG AAA GCA CTT CTG AAG CTT CAG GAG TTC Phe Peg GAA ATG CAG ATT CTG GCA GTT AGT GGT AAC TAC TGC ACT GAC AAG AAA CCT GCC GCC ATA AAC TGG AIC GAL Goa RR 
Gly Asp Ala MET Gly HET Aan MET We Ser Lys Gly Thr Glu Lys Ala Lea Leu bya Lew Gin Glu Phe Phe Pro Glu MET Gin Fle Leu Ala Yat Ser Giy Asn Tyr Cys The Asp Lys Lys Pro Ala Ala ile Asn Tre Ne Gla Ghy TOO: 


2704 AGA GGA AAG ACA GIT GTG TGT GAA GCT GIT-ATY CCA GCC AAG GTG GTG AGA GAA GTA TTA ANG ACA ACT ACG GAA GCT ATG ATT GAC GTA AAC ATT AAC AAG AAT CTY GTG GGT TCT GCC ATG GeT GGG AGC ATA GGA GGU TAC AAT GEE O S 
Arg Gly bys ihe Wal Val LYS Glu Ala Valle Pro Ala Lys Val Val Arg Glu yal teu bys Thr Thr Thr Glu Ala MET fe Asp Yal Asn He Asn Lys Asn Leu val Gly Ser Ala MET Ata Gly See Ne Gly. Giy Tye Age Ala TSO 


CAT GCA GCA AAC ATC GTC ACT OCT ATC. Tac ATT GCA TGT- GGE CAG GAT. GCA GCA CAU AAT STG GGG AGT TCA AAC IGT ATY ACT TTA ATG GAA GCA AGI GGT CCC AEG AAT GAA GAC YTG TAT ATC AGC TOC ACC ATG CCA TCT ATA CAGO i 
His Ala Ala Asn eval The Aiadke Tyr De Ala Cys Gly Gin Asp Ala ala Gin Asa Val Gly Ser Ser Asn Cys fe. Thr Led MET Gly Ala Ser Gly Pro Thr Ase Giu Asp Lea Tyr tle Ser Cys Thr MET Pro Ser. He Gly! 800 





ATA GGA ACT GY6. GGT GGT GEG ACC AAC CTC CTA CCA CAG CAG GEC TET CTG CAG ATG CTA GGT GTT CAA GGA GCG TGC AAA GAC AAT CCT GGA GAA RAT GCA COG CAA CYT GCC CGA ATT GTG YGT GGT ACT GTA ATS SCT GGG GAG re - 5 
ite Giy The Yar Gly Gly Gly Thr Agn Leu Leu Pro Gin Gin Aba Cys Leu Gln MET Leu Giy Val Gin Gly Ala Cys Lys Asp Asn Pro Gly Glu Asn Ala Arg Gin Leu Ata Arg Ne Val Cys Gly The Val MET Ata Gly Gluten 880 


2534 TEC TYG ATG GCA GCA TYG GCA GCA GGA CAT CTT GIT AGA AGT CAC ATG GTT CAT . AAG ATA AAT TTA. CAA GAY CTG CAA GGA ACG TGC ACE AAG AAG YCA GCT TGA GCAGCCTGACAGTATTGAACTGAAACACGGGCAT TOGO AGS 
b AT AAC AGI 1 GGGTICTC AAGG 

Ser Leu MET Ala Ala Leu Ala Ala Gly His Leu Yal Arg Ser His MEY vgl eer A He Asn Leu Gis Asp Leu Gin Gly Thr Cys Thr Lys Lys Ser Ala was aa? 
2T42 IETS ARTE TCARTGEATTETITEGACATGATEMCSTEATCATOAGAGECTTGGTTETGUCTTAGAGCETTAGGTCT IT TCGGAACTETEAGATaGAMACAGTGTATECTECEATC TEA TteaMugaTrexmarecarorrnce 


#342 AACAGGTGTAAGCGGTGGC TYTTY FAAAATGAAGGATTAACCE TAAGCCCGAGAL CE AGAAGCTAGCAAAGTC TEGCAGAG TG TAAAC TOTES TGCTGGGGCCATCCAATCATCTCICICCATTACACITTE TARCTYTGCAGCATTSSTGC IGGUCAGISTATIGTT TCATTGATC TICLE TTACEL TT AGAGGOT TTS 


Fig. 2 Composite nucleotide sequence of the cDNA corresponding to the mRNA for hamster reductase, and the predicted amino acid oci 
sequence of the protein. Nucleotides are numbered (left-hand side) in the $’ to 3’ direction. Position 1 corresponds to the first nucleotide of 
:œ : the ATG triplet coding for the initiator methionine. The nucleotides on the 5’ side of position 1 are indicated by negative numbers. The z 
“w predicted amino acid sequence is shown below the nucleotide sequence. Four potential polyadenylation signals in the 3’-untranslated region 0. 
_ are underlined. The amino acid residues are numbered (right-hand side) beginning with the initiator methionine, Three potential sites for 
asparagine-linked glycosylation are boxed. In the coding region, the DNA sequence at nucleotide position 2,018 differed in multiple analyses; 
T was obtained on three determinations (twice in pRed-202 and once in pRed-206), whereas'a G was obtained on two determinations (twice ` 
in pRed-206). This single base difference affects the amino acid. assignment at position 673 (T= phenylalanine; G + cysteine). In the 
3’-untranslated region, four nucleotide discrepancies were noted in the cDNA séquence of pRed-42 and pRed-10. The sequence of pRed-10 
contains T, G and A at positions 3,347, 3,586 and 3,792, whereas the sequence of pRed-42 contains C; A and G at these positions. In pRed-10 
a single base {T at position 3,887) was deleted compared with pRed-42, = ee a ae 2 | ae ae ee 
Methods: Plasmids containing reductase cDNAs were propagated in E. coli RRi and HB101 and purified as described previously**. DNA 
fragments were 3'-end labelled with deoxynucleoside [a-**P]triphosphates and. the Klenow fragment of E: coli polymerase I° or with ~ 
**P-cordycepin and terminal transferase?’ and sequenced by the methods of Maxam and Gilbert’. ‘Alternatively, appropriate DNA fragments ~— 
were isolated and cloned into the M13 mp8, mp10 or mp1 vectors!" Single-stranded DNA from M13 clones was prepared from individual. 
plaques, the inserted DNA fragments were oriented relative to one another”, and single-stranded DNAs of interest were sequenced by the. 
terminator method of Sanger et al.®, using an M1 3 universal primer®>. For both sequencing methods, gel electrophoresis was performed as 
described by Sanger and Coulson”. Computer-assisted sequence analysis was accomplished with-the programs of IntelliGenetics, Inc. 




















who showed that hamster HMG CoA reductase is inserted into Untranslated. regions 
the ER membrane co-translationally in a signal recognition | | e e 
particle-dependent manner. | k The reductase mRNA contains a 5’-untranslated region of at 

The amino acid sequence of the reductase contains three sites least 163 bp as indicated by the cDNA sequence (Fig. 2). The 
that are classic signals for asparagine-linked glycosylation, that actual 5'-untranslated region might be even longer than 163 bp 
is, Asn-X-7h,, where X can be any amino acid except proline because pRed-227, the longest cDNA, may not extend to the 
(boxes in Fig. 2). Which of the three sites is glycosylated in-vivo’ Stend of the reductase mRNA. A striking feature of this region 
will depend on which sites are exposed on the luminal side of- is the presence of an AUG codon 160 nucleotides upstr. 
the ER, an as yet unknown orientation. © from the functional initiation site (ATG at position — 160 
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a ee ee RA ATT GAT AAC TCA TOI CCT 
` 4 : 46 o a Cys BET perc ys seu eee res. Arg hrakeuiecaspasn serie Sra) 
o A k- a ® Val Cys Leu Vai Phe Leu ieu A rg Gly Val Gly Ser Leu [le The His: Val Lew 
= 5 = ə 3 C Tyr Val Leu Ser Phe Ser WE Gly Ala GM Ala His WIE WER Leu MET Ser Ser 
2 | < 
S z R 
~ 3 a CAC CTT GCA CTC CIT TTG GAA TTA TIT Gi AGT GAA GAA GAC CGG fe 
€E 4 Sen’ 4 2 Ar LEAI LEVIE wy Leu vata eb LUAS KAT IA TD enS 
3 ies ” r Leu His Ser Phe Trp Asn Tyr Leu Val aE Val Lys Lys Thr Gly Pro Ser 

Sor? A Pro Cys Thr Pro Phe Gly Ite Ie Trp Phe Glu BIB Arg Arg Pro Asp Leu Arg 
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i ; Lys Lev Leu Trp Gly Arg WR His Leu Pro Ser Val WEE Cys Pro SE Thr Cys 
-Fig.3 Partial NHz-terminal sequence of hamster reductase. UT-1 


< cells were incubated with either 35¢.methionine (a, c) or °H- 
phenylalanine (b). The 97,000-M, reductase was isolated by 408 464 









-immunoprecipitation and SDS-gel electrophoresis and taken GIT CAC TGG CAA CAA CAA GAT CTE Leese 
through 15-43 cycles of Edman degradation. The amounts of See ee a ten Cre EA ory ASRS IEE RPE TRAE 
radioactivity loaded into the sequenator were as follows: a, Ser Leu Ala Thr Thr Arg Ser Wal Val Gly Ile Thr Ser Ala Gin Asn Leu Arg 

38,000 -c.p.m.; b, 291,000 c.p.m.; c, 197,000 c.p.m. The radio- 

--Saetivity released in each cycle is shown. Fig. 4 Nucleotide. sequence of the 5’ end of reductase cDNA, 

Methods: UT-1 cells were cultured in 40 pM compactin in Ham’s showing the amino acid sequences encoded by the two overlapping 
F-12 medium with 10% (v/v) lipoprotein-deficient serum”, open reading frames, A and B. Frame B, which encodes the 

Cells were incubated for 12h with either 200 pCi ml”! of **S- reductase, begins at nucleotide position | and continues for 887 
methionine in methionine-free Ham’s F-12 medium or 250 pCi amino acids. Frame A begins at nucleotide position —160 and 

mi? of *H-phenylalanine in minimal Eagle’s medium supple- continues for 106 amino acids. Terminator codons in the nucleotide 
mented with all amino acids except phenylalanine. Cells were sequence are indicated by the black bars. 


solubilized with SDS. Reductase was immunoprecipitated with a 
“polyclonal anti-reductase IgG and Pansorbin®, eluted from Pan- 
sorbin as described previously% and subjected to SDS-polyacryl- 


amide gel electrophoresis’. The region of the gel correspon ding gives rise to two proteins. Such overlapping bicistronic mRNAs 


to a M, range of 90,000-100,000 was excised, and minced pieces have not been observed in nonviral eukaryotic messages”. 
of the gel were soaked in 50 mM NH,HCO; and 0.1% SDS for The reductase mRNA contains an unusually long 3 -untrans- 
15min at 24°C, then in 400 mM NH,HCO,, 2% SDS, 100 mM lated region, of 1,942 bp, which does not seem to code for a 
dithiothreitol and 1 mgml™ bovine serum albumin for 2-4h. protein. The longest open reading frame that begins with a 
Samples were eluted from the gel in an electrophoretic sample methionine codon spans only 174 nucleotides. The length of 

-o concentrator. Automated amino acid sequence analysis was per- the 3’-untranslated region has been conserved among different 

~ formed with Beckman 890C or 890D amino acid sequencers using species. Similarly sized 3'-untranslated regions are present in. 


0.25 M or 0.1 M Quadrol programs”*. Before each sequence run, 
a wash step was performed consisting of an entire cycle without 
the coupling reagent (cycle 0). The material obtained from each 





reductase mRNA from cows and rats as well as hamsters, ag Ss 
indicated by similarly sized mRNAs on Northern blots (ref. 21 - 


cvcle was evaporated to dryness and subjected to scintillation and our unpublished data). The 3'-untranslated region contains 
: Po PA ! four canonical polyadenylation signals (AAT AAA)”, whose 


positions are shown in Fig. 2, plus a variant signal (AAATTAT) 

on E À at position 4288. The latter signal appears to be used by mRNAs 
< CDNA sequence of Fig. 2). If this AUG codon initiates transla- that gave rise to three cDNAs (pRed-206, -202 and -227, Fig. 
tion, protein synthesis would ‘continue for 318 nucleotides to 1), The relationship between these five polyadenylation signals 
position +158, where the first terminator codon would be and the 4.2- and 4.7-kb mRNA observed in UT-1 cells? is 
encountered (frame A in Fig. 4). This open reading frame unknown. | a 
verlaps by 157 bp the reading frame for the reductase (frame eee ee 
in Fig. 4). The putative protein encoded in frame A would Implications | 
. 106 amino acids with a M, of 12,212. | The availability of a near full-length cDNA for reductase should 
nce of the overlapping open reading frame is allow definition of sequences that mediate negative feedback 
he statistical likelihood that such a 318-bp open regulation. To this end, the genomic sequences of hamster 
reductase, which span about 25 kb, have been isolated and are 
now under investigation. 

The aminc acid sequence of reductase may be a useful model 
system for studying the structure of proteins of the ER. Plots 
| of the relative hydrophobicity at each amino acid. position in 
-corresponding geno | the reductase were made according to the Kyte-Doolittle 
sequenced (data not shown). Single mRNAs that contain two method**, and revealed seven hydrophobic regions, each of 

















hionine codons in. overlapping reading which encompasses at least 20 amino acids and potentially spans 
the membrane (data not shown). All of these hydrophobic. 
regions are within the NH-terminal half of reductase. In con- 3 
trast, the COOH-terminal half of the reductase is hydrophilic 


















Inasmuch as the active portion of reductase can be released 
from microsomal vesicles proteolytically as a 53,000-55. ,000-M, 
water-soluble fragment” ', it is likely that the catalytic site of the 
enzyme is present in the hydrophilic COOH-terminal half of 
the molecule. It i is. not known why reductase requires such a 
p NH,-terminal domain. This membrane- 
have a role in the post-translational 
erol-synthesizing enzyme. 
¿the information obtained about 
wer of modern techniques of 
information about large, complex 
importance to biology and medicine, 
ch through classic techniques of protein 
chemistry. Amplification of the reductase gene in cultured cells 
fac as: the EDNA “loning of the enzyme and the determina- 
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Blazars can have double radio sources 
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— Blazars (BL Lac objects and optically violently variable quasars) 
are characterized by high optical polarization, and highly vari- 
able optical flux, polarization and polarization position angle’. 
Many have other extraordinary properties that could be 
explained by a radiating jet undergoing bulk relativistic motion 


directed towards the observer. Several workers have suggested 


that the jets seen in ordinary double radio sources could appear 
as blazars, if they were viewed end-on’; in this case the two 
lobes would not appear separately, but would appear in projec- 


tion as a halo around the point source. Generally, | blazar maps 


in the literature are consistent with this notion’, with only 
two unusual (bent or very asymmetrical) double sources— 
1400 + 162 (refs 3-6) and 3C279 (ref. 7)—having been repor- 
ted. However, we have now found three clear double radio 






oint sources, including one classical double. A fourth blazar 


observations with the model cited above if we imagine that the 
jets do not lie precisely alon ng the line of sight, or that the lobes 
are misaligned with the jets”. 

The idea that we are looking down a relativistic jet can explain 





LETTERSTONATURE 


sources (two being quite symmetrical) around the strong central 


has head-tail morphology. It may be possible to reconcile these 


several properties that frequently occur among blazars. Very. | 
long baseline interferometry (VLBI) observations have shown 
motions apparently in excess of the speed of light’. Variability. 


time scale upper limits to the size of their compact radio sources ~ sources still show no extended emission. 











tion of its protein sequence before any such informatio was. 
available through other means. Because of the crucial 
reductase in regulating body cholesterol metabolism? yd 
likely that defects that perturb this regulation may 
some of the poorly understood hypercholesterolaemic State: 
man. The studies described here represent a first step in elu aT 
ing such defects. | 
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LETTERS TO NATURE 


can be smaller than lower limits as inferred from the observed 
lack of interstellar scintillation’®, and brightness temperatures 
inferred from fluxes and low radio frequency variability time. 
scales often exceed the theoretical maximum set by comptoniz- 
ation of microwave background photons'''?. Of the 56 blazars 
recognized at the time of the Angel and Stockman review’, 
about 30 have high-resolution, high-dynamic range Very Large 
Array (VLA) maps in the literature—mainly in refs 2,3 and: 
13, We used the VLA in its high resolution (~ 1.2 arc s) configur- - 
ation at 20 cm to map the rest of the objects in September 1983. 
Unexpectedly, several of our blazars do show double lobes. 
The hypothesis that blazars are ordinary doubles seen end-on 
can accommodate some of these if they are borderline objects, . 
with viewing aspects relative to the jet of ~1 or 2 times the- 
beaming angle (y™', where y is the Lorentz factor associated > 
with the bulk motion of the jet). Alternatively, as jets of normal 
double radio sources are sometimes rather misaligned with the 
associated lobes (for example, some sources are S-shaped), we 
know that the jet can be precisely in the line of sight while the 
lobe axis is not. Both of these possibilities would result in rather 
unusual-looking doubles, with, for example, large lobe size to 
separation ratios. Measurements of such properties are sensitive 
to map quality, so tests must be made with care. A fundamental | 
expectation is that the projected linear sizes should be small. It 
may be very important that the projected sizes of our doubles 
are only 50-120 kpc. As indicated below, this is muc 
than typical radio galaxy double sources. “a 
Double radio sources around blazars do not seem 
we have found several, and it is our impression h 
still higher dynamic range would reveal more. At 
cof ~1,000 to 1 (dynamic range defined as ra 
hree times the root mean square: (r.m.s.) noise), fe 
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2208 min 43.6 43.25 42.88 42.45 
Right ascension (1950.0) 


Here we summarize the relevant properties of the blazars 
= having extended double sources. The extended flux and size 
-= values are preliminary, and subject to revision. The measure- 

ments do not include any structure which we may have ‘resolved 
out’. 

PKS0736+017 (Fig. 1a) has an extended flux density of 
~35 mJy, corresponding to 2.6xX10* ergs"! Hz™ at the 
redshift of 0.191 (ref. 14). Fanaroff and Riley'> have shown 
that normal doubles can be divided into two groups. Class 1 
objects are of low luminosity with extended power P, sam < 

2x10% ergs! Hz! (Ho=75 kms"! Mpc, qo=1/2 used 

:: throughout). (Fanaroff and Riley included the core luminosities, 
_. but these are negligible in normal doubles.) Class 1 objects have 
relaxed, edge-darkened morphology, whereas the higher lumi- 
_- Mosity class 2 objects have edge-brightened morphology. The 


: l  PKS0736 +017 extended luminosity places it with the FR class 


1 sources. The lobe separation of ~28 arc s implies a projected 
linear size of 76 kpc; this compares with a median class 1 intrinsic 
“source size of 150 kpc (ref. 16). | 
... The optical polarization ranges up to 6%, with @ taking on 
-= values throughout its 180° range’’. The optical flux has been 
-< monitored’®, and it is variable. This object is also a low- 
-> frequency radio variable’*. 
= _MC31522 +155 (Fig. 1b) is a normal-looking classical (edge- 
>. brightened or class 2) double. The extended flux is ~70 mJy 
~~ which, at a redshift of 0.628, corresponds to a power of 6.0 x 
=o 10°? ergs”! Hz™', above the cutoff between the FR classes. The 
> reference providing the redshift’ tabulates extraordinary 
-~ emission line widths and ratios (though their spectrum was very 
noisy). The ~23 arcs extent corresponds to 116 kpc which is 
rather small compared with other class 2 sources. The median 
intrinsic class 2 size is 170 kpc and only 10% are smaller than 

















30 kpc (ref. 16). | 
The optical light is variably polarized, with 3% < P< 13%, 


- 10°<0<105° over the course of three observations’’. No 


iSh 22min 23s 





OSh48minS2s ” 


power of 2.1 x 107! ergs” 


show superluminal motion. (For MERLIN maps of it and other 





Fig. 1 Radio frequency contour. 
maps of PKS0736+017(a), 
MC31522 + 155(b), PKS2208 — 
137(c) and PKS0548 ~322(d). 
Contours are logarithmically 
pe with intervals of a factor of Í 

2: a, b start with the 0.1% con- 
tour, c with the 0.2% contour and 
d with the 0.8% contour, Peak 
fluxes are 2.166Jy, 0.328 Jy, 
0.235 Jy, and 0.094 Jy, respectively. 
The ellipse in the upper left-hand 
corner of each map shows the half- 
power beam size. The maps of 
0548-322 and 0736+017 were 
made with 50-kA gaussian tapers 
while the others are untapered. As 
0736 +017 is very near the equator, 
the map is noisier due north and 
south of the point source. For that 
reason the slight southern 
extension of the point source is not 
believabie. 





optical or low-frequency radio flux monitoring is available for 
this double. 

PKS2208-137 (Fig. 1c) is a double, probably edge- 
brightened, embedded in a cocoon of diffuse emission. There is 
a single emission line at 3,896 A visible in the spectrum taken 
by Peterson et al.”’. They believe that the probable identification 
is Mg 11 A2,798 at z= 0.392, with Ly a at z = 2.204 also poss- 
ible; the extended flux of ~820 mJy would correspond to 
2.7 X 10% or 7.1 x 10% erg s"' Hz™', respectively. In either case. 
this would correspond to a Fanaroff and Riley class 2 object—~\ 
The angular size is ~11 arcs, corresponding to 45 or 57 kpc. 

Moore and Stockman’’ have measured the optical polariza- 
tion four times: both the polarization amount and position angle 
are variable, and the measurements spanned the range 1% < P< 
9%, 100° = 0 = 170°. No optical photometric or low-frequency 
radio monitoring is available. 

PKS0548-322 (Fig. 1d) is the only blazar with head—tail 
morphology. It has a strange linear structure slightly separated 
from the eastern trail by an area of low surface brightness. The 
extended 20-cm flux is ~230 mJy. No emission lines are seen 






but a redshift of .0.069 is available from the stellar absorption 


features of the host galaxy’*. This implies an extended radio 
ergs’ Hz~'. Our map shows that the trail 
is at least 49 arcs (or 59 kpc) long. 

The optical polarization was measured twice, and was found 
to be low but variable’. Optical flux variations of one magnitude~ 
occur on a time scale of days**. There are no low-frequency 
radio flux monitoring data in the literature. i 

Finally, we note that there is already one case of a radio 
source with evidence for relativistic motion in the line of sight, 
but with a normal double radio source. Porcas** has conducted ~ 
a VLBI experiment on the core of the quasar 3C 179, specifically 
because it has normal radio lobes but a core bright enough to. 


observe with Mark II VLBI; though not a known blazar, it does 





















known superluminal sources, see ref. 7.) Here we have reported 
the discovery of further normal double sources in objects whose 
cores show evidence for bulk relativistic motion near the line 
of sight. Thus, this phenomenon is not as rare as previously 
supposed. - 

W _ The National Radio Astronomy Observatory is operated by 
Associated Unive Inc., under contract with the NSF. 
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Peculiar radio structure 
in the quasar 3C380 


P. N. Wilkinson*, R. S. Booth*, T. J. Cornwell* 

& R. R. Clark* 

University of Manchester, Nuffield Radio Astronomy Laboratories, 
Jodrell Bank, Macclesfield, Cheshire SK11 9DL, UK 


aansens 
The majority of powerful extragalactic radio sources have steep 


radio spectra and angular sizes >5 arcs. Their basically sym- 
metrical double structures can be explained by means of two, 


„Originally antiparallel, beams which emanate from a massive 
$ object or central engine (CE) and transport energy to the ‘outer 


lobes’ some 10°-10° pc away’. Around one-third of sources, 
however, are more compact. The flat-spectrum compact sources 
may be part of the same parent population as the steep-spectrum 
extended sources but observed end-on rather than broadside- 
on™’. As yet, however, we have little understanding of the 
steep-spectrum compact sources (SSCSs) which have recently 


been shown to comprise ~30% of all steep-spectrum objects*>.. 


We now present radio maps which hint at an explanation for 
the small size of at least some of these SSCSs. Our maps, of 
the quasar 3C380, reveal a peculiar radio ‘Structure which is 
difficult to interpret other than by a powerful interaction 
between the radio-emitting plasma and its environment. Thus, 


the sub-galactic (projected) dimensions of this and other SSCSs 


may be a result of the beams being disrupted before they have 
propagated beyond the parent object. . 

The QSO 3C380 (z = 0.692; thus 1 arcs corresponds to 4 kpc 
for Ho = 100 kms", qo =0.5) is one of the most. powerful radio 
sources (radio luminosity at 178 MHz, P,7.~ 1078 W Hz!) and 
yet most of its emission at 5 GHz comes from a region only a 


* Present addresses: National Radio Astronomy Observatory, Edgemont Road, Charlottesville, . 
Virginia 22901, USA {P.N.W.}; Onsala Space Observatory, Onsala, Sweden (R.S.B.): National | 
Radio Astronomy Observatory, VLA Program, Socorro, New Mexico 87801, USA (T.1.C.);.__ 
Department of Electrical Engineering, University of New Hampshire Durham, New Hampshire 


03824, USA (R.R.C.). 





which is the obvious place to look for a second CE, does no 





few arcs in extent. We have mapped it in detail with the Jo 

Bank MERLIN® and the European very long baselin 
ferometry network (EVN) using the iterative method 
by Cornwell and Wilkinson’. Figure 1 (resolution 0. 

made from MERLIN data at 1.67 GHz while Fig. 2 (reso 
0.15 arc s) is a composite 1.67-GHz map made by adding 
data (using telescopes at Jodrell Bank, Dwingeloo‘ ai 
Effelsberg) to the same MERLIN data used to construct Fig. 
1. Figure 3 shows the 5-GHz MERLIN map {resolution 
0.06 arcs), while the map made from the 1.67-GHz EVN data 
alone (resolution 0.025 arcs) is shown as an inset to Fig. 3. 

Putting together these and other published maps, we now 
know much more about the radio structure of 3C380 than any. 
other SSCS. In general the most surprising aspect of the structure 
is its overall complexity (see below) but despite this there isa 
recognizable axis, in position angle (p.a.) ~ —52°, which is con-— 
stant to +5° over a range in spatial scale of several hundred to- 
one. This can be traced through the brightest component, or 
‘nucleus’, on scales of ~0.015 arcs (refs 8, 9) and ~0.050 arcs 
(Fig. 3), through two bright ‘knots’ about 1 arcs away (Figs 2, 
3) and finally through the weak ‘jet’ to the north-west (Fig. 1). 
The end of this weak north-west jet then turns abruptly to the : 
north-east. In detail the most curious aspect of the structure is 
the two, roughly parallel, curved features which seem to emerge | 
from the nucleus and the compact knots (Fig. 2). Either or both 
of these features may well be associated with the long: thin- 
feature ~2 arcs east of the nucleus (Fig. 1), thus constituting 
an ‘arc’ of emission which apparently bends through ~160°. 
Finally there is amorphous low brightness emission around the 
source whose maximum extent is ~8 arcs (Fig. 1 and ref. 10); : 
a Westerbork map at 609 MHz witha dynamic range > 10,000:1.. 
shows no evidence for any significantly more extended emission _ 
(G. de Bruyn and P.N.W., unpublished). 

Using other unpublished data, we have obtained rough infor- 
mation about the spectra of these various regions. All the 
emission, apart from that from the nucleus, appears to be 
optically thin down to v= 400 MHz, with a spectral index, a, 
within ~0.2 of the integrated a ~0.7($œ v"). The nuclear 
spectrum on the other hand, clearly shows optical depth effects - 
from 5 GHz (nucleus contributes 40% of the total flux) to 
400 MHz (nucleus contributes ~10% of the total flux) with 
an ill-defined peak at ~1 GHz. The peculiar structure of the 
Ssteep-spectrum emission means that 3C380 violates the well- 
established correlation between monochromatic luminosity and = 
radio structure for extended steep-spectrum radio sources!?: 
powerful radio galaxies and QSOs (P,7,> 1076 WHz"') are 
usually edge-brightened doubles while it is the weaker radio 
galaxies which have more complex structures?2. 

Why does this high luminosity source have this peculiar shape? 
While the strong, elongated, milliarc s nucleus is good evidence — 
that at least part of the tangle of emission is associated with 














material ejected from a CE, we have considered the (unlikely) 


possibility that 3C380 is a chance superposition of two unrelated _ 


sources. The evidence is against this, however. For example, nm 
while the shape of the arc resembles parts of very low-luminosity 
systems, such as the anomalous radio continuum arms in the 


nearby spiral galaxy NGC4258 (ref. 13), the brightness tem- 


peratures in these arms are three to four orders of magnitude — 


lower than in the arc. Condon et al.’* have observed more 


intense amorphous emission, probably due to multiple super- ao 
nova remnants, in the central regions of some spirals, but again 
the brightness temperatures are too low (by at least an order 
of magnitude) and even so, such a spiral could not have been = 











missed on optical plates. If, on the other hand, the second source 
were a radio galaxy or quasar, its presence would be betrayei 
by a second CE and hence a second milliarc s nucleus. The 
nucleus contains structure on the milliarc s scale®? and so the 
turnover in its radio spectrum at ~1 GHz is very probably d 
to synchrotron self-absorption: however, the compact knot. 


show self-absorption and so by implication it has no milliarc s 
structure and therefore is not the site of a second CE. i 
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Fig. 1 MERLIN maps at 1,660 MHz with a resolution (FWHM) 

of 0.3.arc s: contour levels 0.075, 0.15, 0.3, 0.6, 1.25, 2.5, 5, 7.5, 

10,...25% if the peak brightness of 3.53 Jy per beam. The scale 
corresponds to 1 arcs per tick. 


The so-called jets in radio maps of powerful sources are 
“assumed to delineate the paths of beams emanating from the 
< CE. However, two jets are not always visible and jets can appear 
to be bent for a variety of reasons, thus simple twin-beam models 
-can successfully explain the structures of many morphologically 
- peculiar radio galaxies. We do not think that they can explain 
>the structure of 3C380, however. It is by no means obvious 
_ from the present maps where the beams are although it is 
-plausible that the axis in p.a. ~ ~52° does mark one beam path 
- because then the knots, and particularly the brightening of the 
closer, compact (~0.040 arcs) knot on the side facing the 
‘nucleus (Fig. 3, inset) can be interpreted?’ as resulting from 
obstructions. in the flow. 
Many variations on the twin-beam theme may be tried, 
depending where one thinks a second beam could be located. 
For example if the beams are relativistic and the source axis is 
close to the line of sight, emission from the approaching beam 
is amplified while the second, receding beam can become too 
weak to be detected. Could 3C380 therefore be a powerful 
_ double source viewed from a fortuitous direction with its diffuse 
emission being the outer lobes projected against each other’? 
We believe not, although we cannot be certain at this stage. 
The curious curved features must be accounted for and although 
the hot spots and ridges in the lobes of Cygnus A`4, for example, 
could give rise to strange radio structures in pro jection 3C380 
-does not look like a superposition of separate components. Also, 
to reduce the apparent size of a typical powerful double 


_ (~170 kpo; ref. 12) to that of 3C380 (30-35 kpc), the source 


z Fi * 


-axis must lie <15° of the line of sight. The a priori probability 


of this is ~1% and so while an individual object could be 
. Sinterpreted’ like this, the great majority of powerful SSCSs 
-< cannot be due simply to projection effects. 

< = Alternatively one could imagine that the arc marks the path 
-of a second beam which originates in the nucleus and thus a 
- twisted twin-beam structure is apparently produced. Such struc- 
tures can be produced if the axis of the CE is precessing, the 
beam velocities are relativistic and their tra jectories are ballistic 
= {that is, unaffected by their environment). As Gower et al’ 
-> have illustrated, the beams can then appear to start from the 
` -nucleus in very different directions due to a combination of 
=. projection and light travel time effects. However, since rotation 
-symmetry cannot be destroyed by projection, the end of the 
< -faint north-west jet should bend to the south-west rather than 


- “the north-east as observed. Also, with this type of model one 
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Fig. 2 MERLIN maps at 1,660 MHz showing the brightest 

features with a resolution of 0.15 arcs; contour levels 0.3, 0.6, 

0.9, 1.2, 1.5, 2, 3, 4, 6, 8, 10,... 20% of the peak brightness of 
3.27 Jy per beam. The scale corresponds to 0.5 arcs per tick. 


cannot account simultaneously for the curved feature associated © 


with the north-west knot complex and the north-west jet itself. 
While we have not attempted any detailed modelling of relativis- 
tic precessing beams, these dichotomies convince us that motion 
of the radio plasma in 3C380 cannot be purely ballistic. We 
conclude that simple twin-beam models do not naturally account 
for the shape of 3C380 and that, as a corollary, the physical 
conditions in the source may well be unusual. 

There is increasing evidence that in nearby active galaxies the 
energy-carrying beams can be bent and braked by interactions 
with dense interstellar material as they propagate through the 
body of the galaxy!*-°. The complicated shape of 3C380—and 
particularly the structure of the north-west knot complex (see 
Figs 2, 3) which looks as if it could be a result of material 
impinging from the south-west—leads us to think that a 
plasma/gas interaction may also be the underlying causative 
agent even in this highly luminous source. Its projected size is 


somewhat larger—but still of sub-galactic dimensions—and the... 
minimum plasma pressures inferred for the extended structure =~ 





(~107*5 dyn cm™*) are not very much greater than those in the 
nearby galaxies'®?°. However, such an interaction would have 
to be considerably stronger than in these nearby galaxies, for 
they have less distorted radio structures than has 3C380. 

van Breugel et al.” have independently suggested that other 
powerful SSCSs are objects in which the beams are interacting 
with dense interstellar gas, citing as evidence their low radio 
polarization and distorted radio structures. While none of their 
radio maps show anything like the detail—and hence the degree 
of distortion—visible in the present maps, we did not measure 
the polarization distribution and also there is little information 
from optical data about the thermal gas in 3C380. The optical 
spectrum does have quite strong narrow emission lines but the 
high excitation line [Orn] A5,007—often indicative of extended 
gas’*—is redshifted to 48,470 and is difficult to observe (B. and. 
D. Wills, personal communication). - we ee Ae 

One can, however, make a fairly | 


i persuasive circumstantial 
case that gas with the right properties will be found in 3C380. 
We infer that this gas will have a higher energy density than — 
that in the nearby galaxies in which beam/gas interactions have — 
been studied and the likeliest place to find such gas is in violent 
galactic mergers involving gas-rich systems. There is increasing 


evidence that quasars are associated with such systems”?3; the 


clearest example is 0351 + 026, a pair of gas-rich dwarf galaxies? 


in which the velocity dispersion of the extended gas is very- oe 
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Fig. 3- MERLIN map at 5 GHz showing the structure of the 


per tick. Inset: EVN map at 1,660 MHz, showing the nucleus and 
the brightest knot only with a resolution of 0.025 are s: contour 
levels 1, 2, 3,4, 5,...10% of the peak brightness of 2.28 Jy per 


high (up to ~1,000kms'). 0351+026 bears a ‘striking 
resemblance” to the quasar 3C48 and this is an important 
pointer because, like 3C380, 3C48 isa very powerful SSCS with 
an odd radio structure?’ ?®; The galactic-sized nebulosity associ- 
ated with 3C48 also contains emission-line gas?°?’ moving at 
high velocity (~500kms~!) with respect to the underlying 
galaxy, which has the spectral characteristics of a spiral*’, that 
is, a gas-rich object. 

Extended gas with the right properties to disturb the beams 
more strongly than in active galaxies has therefore been directly 
observed in QSOs. In this context it is worth noting the apparent 
distinction between powerful SSCSs which are identified with 
QSOs and those identified with galaxies. Recent MERLIN and 
"EVN maps show that the QSOs more often contain radio sources 
“with peculiar structures while the structures of the galaxies are 
usually more linear*®. We feel that this evidence points towards 
a relationship between the QSO phenomenon and the distortions 
visible in many powerful SSCSs—of which 3C380 is currently 
the best studied example. It is plausible that interstellar gas, 
highly energized as a result of a galaxy merger, forms part of 
the link. 

Finally, Fig. 1 suggests to us that rotation has had a major 






role in the recent history of 3C380. If we then speculate that 
both the curious curving features associated with the nucleus 


and the compact knots (Fig. 2) are coeval and were produced 
in the same way, then the centre of rotation cannot be at the 
nucleus but must be offset to the south-east by ~1.5 arcs. This 
is consistent with the galaxy merger hypothesis if one of the 
galaxies is radio quiet while the other contains the radio source, 
The two galaxies will orbit their mutual centre of mass and so 
the centre of rotation will not be at the radio nucleus. 





These first really detailed maps of a powerful SSCSs, the 
quasar 3C380, reveal an unexpected structure for a source of 
this luminosity but we cannot explain why the radio emitting. 
plasma is distributed in this odd way. A circumstantial case can 
be made that the energy-carrying beams are interacting with 
energetic interstellar gas resulting from a galaxy merger, but 
the merger hypothesis cannot be proven until we have a better 


~ Optical image of the QSO, perhaps from the Space Telescope. 
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of high latitude surface waters (from which deep water 











Nevertheless, in the more immediate future radio p 
maps should give us a good idea of whether or 
sufficient ionized gas around the radio components fo: 
interaction hypothesis to be tenable. i 
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the atmosphere through 16% of the surface area ona time sca 
of the order of 10-100 yr (ref. 3). The processes occurrin 




















a 


res 





waters, those most recently in contac “th 





_ our model makes it possible to form deep water with appropriate 
characteristics. _ 

We will discuss the solution of the equations for the 4-box 
` model elsewhere (J.R.T. and J.L.S., in preparation). An excel- 
-lent approximation can be obtained by leaving out the intra- 
ocean fluxes from low latitude surface water, fig and fin. The 
_ reduction in the number of variables allows us to use the carbon- 
14 distribution in combination with the PO,, AOU (apparent 
-oxygen utilization, used instead of O2), 2CO2, and alkalinity 
(ALK), to place strong constraints on the magnitude of the 
“overturning, T and fag (see Fig. 2 legend for conventions). 
We first. discuss a solution of our box model for the modern 
~ ocean. The particle fluxes p; and py (I refers to low latitude and 
h to high latitude) into the deep ocean are obtained in terms 
of PO, so that PO, is our master variable, although one could 
as easily use NO3. Zero PO, concentration is assumed in the 
low latitude surface box: 


P= TPO. (1) 
) | P= POsa fna- POan(frat T) (2) 
: E The conservation equations for AOU, =CO, and ALK in the 
< deep box then give: 
PO = PO~ (AQU4)/To,/P0, (3) 
ZCO = SCO Kcpo, (POs ~PO 4) (4) 
ALK, = ALK, —Tarxpo, (POs P Oan) (5) 


 To,/po, is the Redfield ratio of O3 needed to completely oxidize 
organic matter. We use fo,/po, = 136 (refs 5, 8) and repo, 


‘enriched deep waters. The addition of a high latitude box in 


Fable 1 Model predictions 








Tee age 
scenario 


Present 
o. pre-industrial 


© 231x10% © 11.48x10° 
-38.1 x40%  - 38.1 x 10% 
25.4x 10° 9.0% 10° 


A s Peo, (PpPm) a 265 200 


ighlatitude = POs(pMkg™) 102 0 
‘surfaceocean  £COz2(pMkg') “2A 

7 . ALK (equiv. kg +) o 2329 i 

Peo, (p-p.m.) 259 485 


ECO, (uM kg’) 1,941 
ALK (nequiv. kg’) 2,290 
Poo, (p-p.m.) 269 205 


“Low latitude 
-surface ocean 


PO, (uM kg!) | 2.15. 2.24 

AQUT (uMkg') e e- a 305 

SCO, (uM kg ') 2,269 
ALK (wequivekg™') 2,372 


Deep ocean 


= This flux is equivalent to 1.39 mol C m? yr". 
‘Deep ocean Oz + AOU ~ 320 aMkg™ 












-case where deep water is forming very rapidly, PO4n would be 












We have assumed that AOU, = 0, that is, oxygen is in atmos- 


pheric equilibrium. We use equation (3) to find POs from — 
measurements of PO,g and AOU,. If AOU, > 0, as may be the 


slightly larger and our results would have to be modified accord- 
ingly. Equations (4) and (5) are used to obtain estimates of — 
ECO- and ALK, from measured estimates of ECO and — 
The balance of alkalinity and carbon in the low latitude surface — 
box, and of carbon dioxide in the atmosphere gives us: | 
ALK, = ALKa— TaLK/Po (POs) (6) 
ECO = ECOa gi cpo,(PO4a) . 
+ fx, B(8:)(Pco,, ~ Pco,,)/ T (7) 


BC bn) faa lP. COs P COn) = BCA) fa (P COza P, COn) (8) 
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The 8 values are solubilities of CO, in waters of temperature 
6,=21.5°C, and @,=2.5°C respectively. The solubilities are 
obtained from the equations of Takahashi et al.’, as are Peco, 
and Peo. The latt r-are functions of the temperature, salinity 
i esent ocean), alkalinity and total carbon. 
and Peng’s* estimates of gas exchange 
asurements to obtain fan = 3 m day” ' x 
=3 m day 'x0.85 x (ocean area). 
tions, 10 if we include the Takahashi 
o With 15 ‘unknowns’. We use 





rates from radon 
0.15 x (ocean a 

We now have 
equations for 


ed from data, but it includes a fossil 
efer to specify Peo, = 265 p.p.m. (ref. 
at 2 from the data. T and faa, which do not 

enter into equations a) to (8), are obtained by consideration 
The first column of Table 1 gives our best. estimates of the 
present pre-industrial model variables. Our predicted value for 
the deep ocean 2CO,, 2,269 um kg™', compares very well with 
our estimate of 2,274 4m kg™' from GEOSECS and TTO data. 
We now turn to a consideration of how the ocean and atmos- 
phere change in response to changes in the physical processes, 
fna and T, and the high latitude productivity, pp. We find that 
the results are very sensitive to whether or not one conserves 
total tracer in the ocean—atmosphere system. We thus add three 
new equations to our model: conservation of total alkalinity, 


}- carbon and phosphate. This also adds three new ‘unknowns’, 


ALK,, =CO,, and PO,,, where t refers to total. We now have 
13 equations and 19 ‘unknowns’, including now faa in the 
unknowns. We solve the equations by specifying the total alka- 
linity, carbon and phosphate, as calculated from present values 
in Table 1. fig, T and P, are also specified as some fraction of 
the present ocean values. 

Because of the way we have set up our equations, using 
phosphate as a master variable, the parameters faa, T and Ph 
enter into only three of them: equations (1), (2) and (7). If we 


ATMOSPHERE Ca 


fal Fah 





OCEAN 





Fig. 2 Schematic diagram of our 4-box model. f, Exchange rates 
in units of m? s~'. Subscripts: a, atmosphere; 1, low latitude — 
nutrient-depleted surface water; h, high latitude deep water forma- 
tion regions; d, deep ocean. In addition to exchange rates, the 
model allows for a shallow thermohaline overturning, T(m? s7'), 
which goes through the low latitude surface box to the high latitude 
surface box before sinking into the deep box. p (mol C s~'), Total 
particulate flux of organic and carbonate carbon. We assume that 
none is lost to sediments. We visualize the low latitude surface — 
box as being 100 m thick and occupying 85% of the ocean’s surface ~ 
area. The high latitude surface box, which represents essentially 
the subpolar gyres, is 250 m thick and occupies the remaining 15% 
of the surface ocean. 


to find PO,4,, AOU, and ALK. 









substitute equation (2) into the total phosphate c co 
equation, we arrive at: 


PO sy =(MPOn— Mapr/ foa) [M+ Mal + rih | 


where M is the mass of a given reservoir in kg. | 

Consideration of this equation in combination with. equati 
(7) reveals the role of faa, T and p,. Consider, first, the high 
latitude particulate flux, p,. If this is decreased to zero, the 
latitude phosphate will reach a maximum value, with EC 
and ALK, following suit. The Pco,, will thus also be 
maximum value. Conversely, an increase of pa, because of its- 
effect on PO, will lead to a decrease in POs, ECO ALK, 
and Peco, with an absolute minimum reached when PO,, is zero. iy 

However, the atmospheric Poo, depends on the low latitude 
Poo, as well as the high latitude Peo, (equation (8)), and we 
must thus consider equation (7) as well. The sensitivity of low 
latitude SCO, and Peo, to the high latitude processes depends 
on the magnitude of. T. If T is very large, that is, if the low 
latitude surface waters are being resupplied very rapidly from 
deep waters, the low latitude waters will be relatively insensitive 
to high latitude processes: A small T will mean that the low 
latitude carbon concentration will be determined primarily by 
the atmosphere, which will in turn be dominated by high latitude 
waters. 

The effect of variations in f,4 can be seen from equation (9); 
foa supplies nutrients to the high latitude waters. An increase 
in fag increases POan, a decrease in fpg decreases POgp 0 

The arguments given above are illustrated with the solutions 
in Fig. 3. In Fig. 3a, faa is fixed and p, and T are varied about 
the values p,° and T° taken from the present pre-industrial 
column.of Table 1. For large T; the atmospheric Pog, approaches 
a value of 250 p.p.m. and is not sensitive to p,. The sensitivity 
of atmospheric Peo, to pa increases greatly as T is reduced.. 

In Fig. 3b, p, is fixed and fag and T are varied about the 
values fag? and T°. One sees that the effect of fag on Peo, is 
essentially the inverse of the effect of p, on Peo, | 

Figure 3c shows a possible range of scenarios for the last ice 
age. We have fixed faa and varied pp, but one would obtain the 
same effect by varying fna. It can be seen from Fig. 3c that a 
decrease of atmospheric Poo; to 200 p.p.m. (ref. 9) requires a 
rather extreme increase in p, (decrease of fha) of the order of 
4-5 times, accompanied by about a halving of T. The total ocean 
volume of our ice. age model has been decreased by 3.5% to 
account for glacier formation. The total carbon and alkalinity 
have been increased by 6% to account for the shift in 6’°C and 
a compensatory gain of CaCO; from the sediments as postulated 
by Broecker’. This increase in carbon and alkalinity makes it 
more difficult to achieve the lower Poo, found for the last ice age. 

The work of Boyle and others gives evidence of a drop in 
North Atlantic deep water formation during the last ice age” 

This would translate into a drop in faa and/or T in our model, 
A decrease in fhg would be helpful. A decrease in T would be 
helpful, if accompanied by a sufficient increase in productivity 
or decrease in fna, A likely cause of changes in surface production 
is a. change i in the light supply to the subpolar gyres. Organism 
growth in these areas is presently light-limited. The gyres 
straddle the present polar night line (~60°N). A shift in the 
deep water formation regions to lower latitudes by sea ice 
blockage of higher latitudes would drive the water to regions 
where organisms would have a more ample light supply. We 
consider it unlikely that p, would increase sufficiently to’ explain 
the entire decrease in Peco, A decrease in fna would help. 

A critical test of the various models for predicting ice age 
Poo, is the extent to which they can give the observed rapid 
time scales of the change. Our model allows us to develop. a 
scenario involving only a change in p, and T, which would adjust 
on a time scale of the order of 1,000 yr. This is consistent with 
the data’. The scenario in Fig. 3c as well as Broecker’s’, would 
take about 5,000 yr because of the need to readjust the CaCO; 
balance in the oceans. Five thousand years is longer than the 
data allow. Teg increase in oceanic carbon req uired oy the eC 
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Fig. 3 Atmospheric Peo, (in p.p.m.) as predicted by our model for various values of the parameters fhas Pa and T. fo, = 38.1 x 10° m 
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<p? = 2,31 10° mol Cs“! and T” = 24,5 x 10° m? s~!. (See text for a description of the various scenarios.) The ice age ocean has an ocean volume 
that has been decreased by 3.5% and a total carbon and alkalinity content increased by 6%. 


signal, and the precipitation of CaCO, which would have to 
accompany it, poses a dilemma. A time-dependent model is 
~ needed to study the problem in more detail. 
-Changes in the tilt of the Earth’s axis, which would affect 
"particularly the high latitude winter insolation, may actually 
drive the climate through the CO, response we have discussed 
“here: The extremes within which the Pco, could conceivably 
-vary with the present ocean volume, total carbon and alkalinity, 
and value of T, are ~190 p.p.m. to 300 p.p.m. If T were to 
approach zero the Peo, could vary between ~ 163 and 425 
p.p.m. The climatic effect of Peo, changes within this range 
would be considerable. Manabe and Stouffer’? as well as many 
others have shown that a halving or doubling of Pco, should 
lead to a decrease or increase of ~2°C in global mean tem- 
perature. 

Changes in the oceanic carbon distribution by the processes 
represented by T, fha and Ph, may also have an impact on fossil 
fuel uptake. It is difficult to tell what the effect would be. A 
decrease in T and/or faa might be expected as high latitude 

‘surface waters warm up. A decrease in T and faa would affect 
< “the CO, uptake in opposite directions (see Fig. 3). We have not 
~~ studied this problem, but suspect the effect of variations in T, 

fa and p, on CO, uptake would be relatively small because of 

<a tendency for the effects of T and fpa to cancel each other out 
and because of the short time scales of the fossil fuel CO, 
transient relative to large-scale oceanic overturning. 
Evidence of the types of changes we have suggested here for 
-the ice ages should be available in sediment records. An increase 
-in high latitude productivity should lead locally to fairly dramatic 


| eases in sed imentation rates. The palaeo-PO,, which Boyle 
nates by Cd measurements in foraminifera’’, should be 
near deep water formation regions. Table 1 shows that 


jeep ocean oxygen levels would have decreased enormously 
































e extreme conditions of the ice age.. One would expect 


xia to have been widespread at the depth of the oxygen 
with possible effects on the sediments and trace metal 
ons. We are presently seeking confirmation of our 
sis in data of this sort, as well as working on the develop- 
ment of a three-dimensional ocean circulation model of the 
rbon cycle that will more realistically simulate the effect of 
atitude productivity and thermohaline overturning rate on 
atmospheric Pco,- | 
We. acknowledge support from — ARL/NOAA grant 
;RACO0052, NSF grant OCE-8110155, and GFDL/ 
A grant 04-7-022-44017. We also appreciate the help of 
Hellerman and Marty Jackson in data analysis, Johann 





















Callan in typing the manuscript, and Phil Tunison in drafting whole ocean properties. _ 


the figures. This paper is based on material first presented ata... 
NATO Advanced Research Institute in July 1983. After this 4” 
paper was accepted for publication we discovered that Oeschger 

et al’? were the first to suggest the idea we explore here. 





Received 16 November 1983; accepted 1 January 1984, 


1. Neftel, A. H., Oeschger, H., Schwander, J., Stauffer, B. & Zumbrunn, R. Nature 79$, 
220-223 (1982). 

Broecker, W. S. in The Sea Vol. 2 (ed, Hill, M. N.) 88-108 (Interscience, New York, 1963). 

Sarmiento, J. L. J. phys. Oceanogr. 13, 1269-1274 (1983). 

Broecker, W, S. & Peng, T.-H. Tracers in-the Sea {Eldigio, Palisades, 1982). 

Broecker, W. $. Geochim. cosmochimn. Acta 46,.1689-1705 (1982). 

| Broecker, W. S. & Takahashi, T. Ann. Glaciol. (submitted). 

Siegenthaler, U, J. geophys. Res. 88, 3599-3608 (1983). 

Redfield, A. €., Ketchum, B. H. & Richards, F. A. The Sea Vol, 2 (ed. Hill, M. N.) 26-75 
{Interscience, New York, 1963). 

. Takahashi, T., Broecker, W. S., Bainbridge, A. E. & Weiss, R. F. Tech, Rep No. 1,CU-1-80 
(Lamont-Doherty Geol, Observatory, Palisades, New York, 1980), 

Boyle, E, A. & Keigwin, L. D. Science 218, 784-787 (1982). 

. Streeter, S. S, Belanger, P. E., Kellogg, T. B. & Duplessey, 1. C. Quat. Res. 18, 72-90 

{1982}. 

. Manabe, S. & Stouffer, R. J. J. geophys, Res, 85, 5529-5534 {1980}. 

. Oeschger, H. et al Maurie Ewing Symp. 1 982 Vol. 4 (American Geophysical Union, 
Washington DC, in the press). 

Levitus, $. Climatological Atlas of the World Ocean (NOAA Professional Pap. 13, US 

Dept. of Commerce, Washington DC, 1982). eae 


po mi E a p WE 


NO 


et ett 
bee OO 


ih tenk 
ted Da 


uè 
Can 








Rapid atmospheric CO, 
variations and ocean circulation 
U. Siegenthaler & Th. Wenk 


Physics Institute, University of Bern, CH-3012 Bern, Sidlerstrasse 5, 
Switzerland 








Studies on air trapped in old polar ice’? have shown that during 
the last ice age, the atmospheric carbon dioxide concentration 
was probably significantly lower than during the Holocene— 
about 200 p.p.m. rather than 270 p.p.m. Also, Stauffer et al? 
recently showed by detailed analyses of Greenland ice cores, — 
that during the ice age, between about 30,000 and 40,000 yr 
BP, the atmospheric CO, level probably varied between 200 
and 260 p.p.m. These variations occurred parallel to climatic 
variations as indicated by 67°O of the ice; asto ishingly, the 
changes took place within rather short times, no more than a 








few centuries or even less. Here we examine the hypo 





ele SE 


that affected the distribution of chemical properties and thus 
of Po, in the surface waters of the world ocean. Such changes 
can take place in a rather short time, in contrast to changes of 






ns arose from changes in ocean circulation 
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Table 1 Model parameters for the standard case 





Warm Cold Whole 
Properties surface surface ocean Fig. 1 Four-box model consist- | 
- Relative area 0.89 0.11 1 ing of warm surface ocean (W), 

Depth (m) 200 200 3,700 cold surface ocean (C), deep-sea 
Temperature (°C) 23 3 = reservoir (D) and atmosphere (A). 
Salinity (4) — 35 35 35 Feas Foy, Fy (= upwelling flux) are 
ZCO, (umol kg™!) 1,952 2,158 2,268 water fluxes; Faw, Fac air-sea gas 
Alkalinity (wequiv.kg™') 2,315 2,360 2,389 exchange fluxes; Py, P., particle 
Phosphate (umol kg~!) i 1.43 2.15 fluxes. 


Fluxes: 1 sverdrup (sv) = 10° m? s7? 
Water: F,= 15 sv; Fa =44 sv; Fy, = 10 sv 
Particles: P,, = 0.64 mol C m~? yr™!; P,= 0.93 mol € m~? yr 
Gas exchange (for 300 p.p.m.): F,,, = 19.5 mol € m~? yr'; F,,=33 
mol C m`? yr™! a 
To estimate the effects of various changes in the ocean, we — 
have used a simple 4-box model of ocean and atmosphere (Fig. 
1). Box C represents the Antarctic Ocean south of 50° S. Tem- 
The ocean is the greatest of the rapidly exchanging global peratures and chemical concentrations (all normalized to a- 
carbon reservoirs and therefore effectively controls the atmos- salinity of 35%; see Table 1) have been chosen essentially in — 
pheric concentration of carbon dioxide over time scales of less agreement with averaged GEOSECS results’. Phosphate is con- 
than 10° years. Peo, the equilibrium partial pressure of CO , sidered to be the limiting nutrient; taking nitrate instead would a 
of sea water is determined mainly by the temperature (via the not affect our results. [CO,, alkalinity and phosphate are trans- è 
solubility of CO, gas) and the carbonate chemistry of the water ferred by means of water fluxes between the three boxes and 
(ZCO, and alkalinity), and to a lesser degree by salinity. During by particle fluxes from surface to depth. ee 
the glacial maximum at 18,000 yr BP, the average sea surface The ratios of carbon, alkalinity and phosphorus carried byo 
„temperature was ~2 K lower” and the average salinity of the biogenic particles are fixed as AZCO,: AA: APO, =155:3541. ay 
/ ocean ~1% higher than now. Temperature and salinity changes These generalized Redfield ratios were obtained by assuming _ 
together would have caused a net decrease of the atmospheric (1) a ratio of 130:1 for 4ZCO,: APO, in organic matter’: (2) 
CO, concentration of 10-20 p.p.m., compared with Holocene an average ratio of inorganic (CaCO 3) to organic carbon in 
conditions’, This is much less than the observed difference of particles of ~0.2:1; (3) carbonate alkalinity accounts for 70%. 
50-70 p.p.m.; this difference must therefore have been caused of the change in titration alkalinity, which is affected also by 
by chemical changes in surface waters, nitrate carried by organic particles. The water exchange fluxes 
ZCO, in average surface seawater is 10-20% lower than in —_ to the deepsea for Holocene conditions can roughly be estimated 
deep-sea water, because biological activity providesacontinuous from mean /4C concentrations of 0.84 for the deep sea and ae 
carbon flux in the form of organic and carbonate particles from ~0.91 for the cold surface (the pre-industrial atmospheric value 
the surface to deeper layers. It is the interplay of biological is 1). This yields a mean '*C age of deep-sea water of ~700 yr 
activity and transport by water circulation which mainly regu- with respect to the cold surface from which it originates. Thus, 
lates 2CO,, and therefore Peco, in the surface waters. In large the flux between the cold surface and the deep sea approximately 
areas of the ocean, biological productivity is limited by the corresponds to a transfer velocity of 3,500 m per 700 yr=5m 
nutrients phosphate and nitrate, which are depleted there to per yr, referring to the whole ocean area, equivalent to about — 
near zero. In these areas the biological pump is closely linked 60 10° m?s™ (60 sverdrup). We have chosen a standard case 
to water circulation: a change in the vertical circulation rate, believed to represent Holocene conditions (see Table 1). The © : 
and therefore in supply of nutrients from depth, involves a particle fluxes are computed such that the imposed chemical 
proportional change in biological activity, so that the chemical properties are reproduced; their values of 0.93 and 0.64 mol C 
,-concentrations in surface waters remain unaffected. m`? yr~* from cold and warm surface are comparable with the 
“~~ Broecker®” suggested that during glacial times, the mean values estimated from observation’®, that is, 0.34-0.83 mol C 
_ Oceanic concentration of nutrients was considerably higher than m`? yr’. The surface boxes exchange CO, via the atmosphere 
in the Holocene, thus permitting, for the same water circulation by gas transfer. The gas transfer fluxes are proportional to Poo, 
pattern, a higher biological productivity and therefore a larger for Poo, = 300 p.p.m. they are 33 and 19.5 mol m`? yr | for 
surface deficit of ECO,, compared with deep-sea water which cold and warm surface water, respectively. The difference is due - 
would lead to an overall lower XCO, and Peo, in surface water. to the higher solubility and higher transfer velocities of CO; in 
The mechanism leading to the nutrient increase, as suggested cold water, as derived from radon measurements in the Antarctic 
by Broecker, was erosion of nutrient-rich organic sediments on  Ocean!!, Poo, values in surface water are calculated using a 


Values in bold type were kept constant, the others were varied in 
sensitivity tests. 








the continental shelves, deposited there during the last inter- procedure described by Bacastow'*. For the standard case an 
glacial high sea level period. This hypothesis could explain atmospheric concentration of 282 p.p.m. is obtained. i 
glacial—postglacial changes of atmospheric CO, as well as of By using the model we can test the effect of different processes > 
marine 5'°C. However, deposition and erosion of shelf sedi- on atmospheric Peo, and its isotopic composition. For these. 


ments are slow processes and bound to major changes in sea tests, the phosphate concentration in warm surface water iso ooe 
level. Therefore, they cannot have been responsible for the considered constant, arguing that PO, is almost completely 
recently detected rapid CO, variations during the Ice Age’. consumed by organisms. Also, the particle flux from the cold - 
Significant surface concentrations of phosphates and nitrates surface and the total oceanic inventories of all properties are Se 
"are found in some oceanic regions where vertical mixingisrather assumed to be constant. First, the exchange C-D is reduced to 
fast, especially in the Antarctic Ocean where the phosphate 50% of its standard value (Table 2). This causes a decrease of 
concentration is about 70% of its deep-water value of 2.2 pmol 2CO, and of Peo, because the biological particle flux, while _ 
kg; in warm surface water, it is typically ~10%.Thus, the absolutely constant, becomes relatively more important. The = 
biological productivity in the Antarctic Ocean is not limited by atmospheric CO, concentration decreases by 52 p.p.m., å differ- 
availability of nutrients, therefore changes in either productivity ence comparable to the CO, changes found in ice cores. An 
or circulation may lead to changes in the carbonate chemistry ` interesting result is that Pco, in W changes drastically from 283 
and hence in the Pog, of Antarctic surface water. In the North -to 233 p.p.m., although the rectly: 
Atlantic Ocean, where deep water formation also occurs, surface influence W. This is a result of a net carbon transport from \ 
nutrient concentrations are generally low. toC via the atmosphere!*. The importance effect of atmospher 





















Table 2 Sensitivity tests; properties in the reservoirs for atmosphere 


(A), and warm (W) and cold (C) surface ocean 


Standard gas exchange Gas exchange > O 

Particle flux PO, ZCO, P CO, 8C ZCO, P CO èC 

(mol C m~?yr7!) (pmol kg™') (pmol kg) (ppm) = (%) (umol kg™') (p-p-m.) (o) 
Standard case wW 0.64 0.30 ,952 283 1.6 1,981 323 2.6 
(F = 15 sv, Fa = 44 sv) C 0.93 1.43 2,158 276 1.4 2,156 274 1.3 

A — — — 282 ~6.9 — 315 6.0 

Reduced exchange C-D W 0.58 0.30 1,910 233 2.0 1,981 323 2.6 
(F, = 15 sv, Fea = 22 sv) C 0.93 1.05 2,101 215 1.8 2,097 211 1.7 

A — m= — 230 —6.4 — 304 =5.8 
Stronger upwelling Ww 1.08 0.30 1,934 260 2.1 1,981 323 2.6 
(F,, = 30 sv, Fig 44 sv) C 0.93 1.23 2,127 241 1.5 2,125 238 1.5 

A — — — 257 6.4 — 308 -5.9 


a E aaaea 


CO, transport is illustrated by reducing the air-sea exchange 
fluxes to nearly zero (1074 of their standard values): now the 
same reduction of the water exchange C-D causes an atmos- 
pheric drop of only 11 p.p.m. and does not affect Poo, in W at 
all (see Table 2). ECO, and Peo, in C are less affected by the 

, gas exchange than in W, because C is strongly coupled to the 
deep sea by a large water-exchange flux. 

The model includes a deep-water formation—upwelling circu- 
lation, F,,. If F, is increased from 15 to 30 sverdrup, the atmos- 

< pheric CO, decreases by 25 p.p.m. Thus an increase in low- 
latitude upwelling, accompanied by higher biological produc- 
tivity in low latitudes, leads to a smaller atmospheric CO, 
concentration. The reason is found again in the cold surface 
water, which is diluted by low-latitude water depleted in ZCO. 
The enhanced upwelling of ECO, (and nutrients) to the warm 
surface is automatically compensated by a larger particle flux, 
. since a constant PO, concentration is assumed in W. 

A change of the surface exchange flux, Few has an effect 
comparable to that of varying the upwelling circulation. An 
increase of F.,,from 10 to 20 sverdrup results in an atmospheric 
concentration decrease of 19 p.p.m. 

Data from the eastern equatorial Pacific indicate that the 54C 
difference between warm surface and deep water during the 

< glacial maximum was about 0.5% greater than during the 
- Holocene”*. Our 4-box model yields changes of this magnitude 
~~ for both scenarios, reduced C-D exchange and enhanced upwel- 
ing circulation. The sediment data”*, however, also point to 
-significant long-term 6'°C changes in average deep water, which 
cannot be explained by circulation changes (8°C in the deep 
sea is constant within 0.03% in the different model scenarios 
considered here). These changes must be due to carbon shifts 
between the ocean and organic carbon pools of either terrestrial 
biomass’? or shelf sediments’. Information on 6'*C changes 
in atmospheric CO, should soon be available from analyses of 

ice cores performed in this laboratory. 

These examples demonstrate that changes of the oceanic 
circulation, especially those directly affecting the Antarctic 

` Ocean, may potentially cause changes of atmospheric CO,. Is 
there any evidence for such circulation changes during the 
glacial? Sediment studies in the Vema channel 16 indicate a 
__ stronger flow of Antarctic Bottom Water into the Atlantic Ocean 
< at 18,000 sP. This may indicate a stronger upwelling—deep 
water formation circulation (see Table 2). The wind-induced 
<- circulation in the tropics was stronger at 18,000 BP in the 























Atlantic’* and probably also in the eastern equatorial Pacific 





‘Ocean where productivity was increased'’; it is not clear if this 
‘involved a stronger flux from low to high latitudes or whether 
was restricted to shallow recirculation in low latitudes. A 
umber of deep-sea sediment studies in the North Atlantic 
concerning temperature’, 61°C (ref. 19), oxygen”? and cad- 
-mium concentrations” have demonstrated that the formation 
of North Atlantic deep water was significantly reduced during 
the last glacial. Ruddiman and Maclntyre?” have shown that 
-the surface circulation—and probably also deep water forma- 
-_tion—in the North Atlantic Ocean underwent rapid and drastic 
-changes during late glacial times, ~13,000 to 10,000 BP. 
~ However, these changes probably did not exert a major direct 


effect on atmospheric CO2, because nutrient concentrations are 
low in North Atlantic surface water. We know of no similar 
studies for the Antarctic Ocean. Thus, there is ample evidence 
for dramatic and rapid changes of the circulation in the North 
Atlantic, but it is not clear how this affected the Antarctic Ocean 
which is the most critical region for atmospheric CO, variations. 

Thus, we propose that changes of the surface ocean circulation 
were responsible for rapid atmospheric CO, variations during 
and at the end of the last Ice Age. The variations predicted by 
the model are fast since the residence times of carbon in the 


surface reservoirs are of the order of a century only. The simple - 
4-box model used here cannot be expected to yield final or ae 


quantitatively reliable results, but it indicates that the Antarctic 
Ocean may have a major effect on the level of atmospheric CO). 

Independently of this study, Knox and McElroy?’ and 
Sarmiento and Toggweiler** discuss the idea that the Antarctic 
Ocean, in which ZCO; is not fixed by the availability of nutrients, 
may be responsible for atmospheric CO, variations. These 
authors assume that changes in light conditions led to changing 
biological productivity and thus affected Peco, We rather think 
that ocean circulation changes were the essential cause. Besides 
this, there are differences between the results of these authors 
and of ours, due to differing assumptions on fiuxes, concentra- 
tions and model geometry. 

This work was supported by the Swiss NSF. This paper is 
based on ideas formulated in ref. 4 and presented at the [UGG 
Symposium on the Ocean and the CO2 Climate Response, 
Hamburg, August 1983. We thank H. Oeschger for stimulating 
discussions. 
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Over 2,000 km of seismic reflection profiles have been collected 
in Lake Malawi (Nyasa), the southernmost of the East African 
Rift Lakes. These studies, reported here, reveal a severely 
faulted lake floor bounded by rift structures of Pliocene or 
greater age. Faults that penetrate the uppermost sedimentary 
units and numerous earthquakes’ attest to continui activity 
in the rift. Inter-basinal differences in fault spacing, orientation 
and sedimentary thicknesses have led to a subdivision of Lake 
MalaWi into four discrete structural provinces. These provinces 
only now are linked by faults attributed to the most recent 
episodes of extension. An evolutionary sequence of: (1) initial 
block faulting and subsidence, (2) fragmentation of fault blocks, 
(3) uplift and (4) renewed subsidence and rotation of fault 

“fp blocks is proposed for the central part of the Malawi Rift. 

Single-channel reflection Surveys were conducted as part of 
a programme to evaluate sites for a proposed deep-drilling 
project (CEGAL) in the East African Rift Lakes’. Profiles were 
obtained using an airgun sound source (40 cubic inches) 
occasionally supplemented by an 800 J sparker, and radar navi- 
gation provided the principal means of trackline control. A 
single 13-m-long piston core was collected from the southern 
part of the lake (Fig. 1). 

With a length of 560 km and an average width of 50 km, Lake 
Malawi fills the central valley of the MalaWi Rift (Fig. 1). The 
lake floor reaches a maximum depth of 700 m, or 225 m below 
sea level”. Structural patterns* and geophysical data® indicate 
that the MalaWi Rift is tectonically connected to the western 
branch of the East African Rift system. Agreement on the age 
of initiation of the MalaWi Rift has been hampered by the paucity 
of reliable field data and rock dating. Earlier researchers 
believed rifting began in the Jurassic~Cretaceous’, but recent 
Workers have suggested a much younger Pliocene age‘. Faunas 
‘from the earliest known lacustrine sediments exposed onshore, 

‘the Chiwondo Beds, have been dated at 2.5-5 Myr® and are 

separated from the overlying Chitimwe Beds by an erosional 

event of unknown duration’. 

The surface geology to the west of Lake Malawi has been 
reported previously'°, but little information is available as to 
the age of faulting on the eastern shores (Tanzania and 
Mozambique). The results of a recent research programme along 
the Tanzanian shores of Lake Malawi indicate that the large 
vertical offset along the Livingstone Fault (Fig. 1) is accom- 
panied by an even greater amount of horizontal! displacement (J. 
LeFournier, personal communication). Before our seismic sur- 
vey, knowledge of the lake floor had been derived from a 
reconnaissance heat flow survey’', a few echograms from the 
south-west arm of the lake? and a theoretical study of lake bed 

,!opography’*. Sediment distribution was poorly known, but 
sand, mud, diatomite and iron precipitates were found in the 
uppermost layers!?, 

Set within the roughly north-south boundary fault system 
shown in Fig. 1, the Malawi Rift transects Precambrian meta- 
morphic basement and north-east-trending Mesozoic (Karroo) 
fault troughs. Some reactivation of pre-existing zones of weak- 











ness has been described onshore‘, and our seismic records show 
that submerged segments of the Maniamba and Ruhuhu Karroo ~ 


fault troughs have been reactivated. The segmented character 
-= Of the boundary fault system and inter-basinal differences in 





LETTERS TO NATURE 


. ment high (Fig. 2). 
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Fig. 1 Tectonic map of Lake Malawi region (lakeshore shaded- 
for clarity) showing the principal structural provinces that comprise. 
the lake basin. Faults with large offsets roughly defining the : 
sedimentary basins are designated as Eastern Boundary Fault = 
(EBF) and Western Boundary Fault (WBF). Note that these occur 
within the monoclines bounding the Malawi Rift Valley. PC. 
denotes location of the 13-m piston core. Symbols: diagonal line 
pattern, Mesozoic sediment troughs; random dashes, Rungwe vol- 
canics, 


seismic stratigraphy lead to a division of the rift into four discrete 
structural provinces. Each province has a distinct fault pattern, = 
and few faults extend between provinces; therefore, principal. 
stress orientations are inferred to shift at province boundaries 
(Fig. 1). The provinces are typically 60 km long and 50 km wide, 
with the cross-sectional forms of half-graben. The main graben __ 
are composed of many closely spaced, usually tilted, fault blocks. a 
Faults penetrate to all levels of the sedimentary column and — 
diapiric features occur along some faults (Figs 2, 3). oe 
The four provinces (Fig. 1) reflect different Stages of rift 
evolution, with the youngest, the Monkey Bay Province, showing 
the least amount of subsidence and fragmentation of major fault 
blocks. Maximum subsidence has occurred along the Western _ l 
Boundary Fault in the Nkhata Province where sediment thick- E 
nesses are also greatest. A structural interpretation of the 











within this province. Shallow earthquakes of m, > 3 correlate 
well with mapped structures and appear to be related to mov 
ments along the Western Boundary Fault and a mid-lak base 





The southern part of the Nkhata Province contains many 
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Fig. 2 Schematic block diagram depicting the major structural 
elements of the southern Nkhata Province. (Interpretation based 
on seismic reflection profiles shown in inset to Fig. 3.) The strain 
- ellipse superimposed on the lake surface indicates approximate 
-< orientation: of principal strain axes inferred from fault geometries. 
Faults with a north-east trend correspond to planes of high shear 
<= strain, and north-south-trending faults lie along planes normal to 
the principal extension direction. Epicentres of earthquakes of 
m,,23 (1966-77) are shown in their approximate locations. 
Symbols: random Vs, crystalline basement; d, diapirs; blank, lake 
sediments. 


< the Nkhata Province to the Nkhota-kota Province near the bend 
in the lake. A zone of transcurrent movement mapped onshore 
‘in this area!* supports a strike-slip interpretation. In Lake 
“Malawi the propensity towards half-graben morphologies could 
‘be related to oblique extension across the lake or between 
individual segments, as basin asymmetry alternates between 
provinces. Where rift segments are offset along strike this 
oblique extension would introduce a strong component of 
horizontal shear into the regional tensional regime. A similar 
alternating pattern of basinal asymmetry and transcurrent faults 
~ has been observed in the Rio Grande Rift’>. 
< Diapiric features observed along some faults in this area (Figs 
2, 3) could be related to the period of uplift which created or 
„enhanced a mid-lake high. Although no rift-related igneous 
activity has been described onshore in the Nkhata region, the 
Rungwe volcanic zone to the north’® (Fig. 1) has been active 
-since the Pliocene. These diapirs could be Rungwe-related 
~_ igneous intrusive bodies or the lake bed equivalent of hydrother- 
mal springs that occur along the Western Boundary Fault 
(Fig: 1). 
Many of the previously described features and relations are 
-observed in a seismic line across the southern part of the Nkhata 
Province near the bend in Lake MalaWi (Fig. 3). The nearly 
< © cross-sectional seismic section shown in Fig. 3 serves as the basis 
-for the evolutionary sequence depicted in Fig. 4. To remove 
-> non-diastrophic effects from the lake bottom morphology, 
= reconstructions were made to acoustic horizons that are pre- 
-sumed to be time-stratigraphic. Information from nearby seismic 








~ lines was also used in the reconstructions. The Western Boun- 
-dary Fault serves as a fixed point of reference for all four stages 
_ to illustrate the relative amount of extension that has occurred 
<< along this transect. 
Little is known of the pre-rift terrains of central Africa. 
-.. Therefore, stage 1 depicts depositional pulses in an already 
= faulted basin (horizon A). Reconstruction to the top of acoustic 
“(presumably crystalline) basement indicates that the graben 
-developed on the western margin of a broad dome. The north- 
-south elongate rift apparently interrupted a west-to-east drain- 
-age pattern, capturing detritus derived predominantly from the 
-west. The discontinuous, fuzzy reflectors of the lowermost acous- 
“tic unit are interpreted as the earliest MalaWi Rift sediments, 
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Fig.3 Seismic reflection profile A-A’ (see Fig. 1 for location) 
referred to in Fig. 4. Vertical scale in seconds two-way travel time. 
Horizontal extent ~70-km. 
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Fig. 4 Four-stage evolutionary sequence envisioned for trackline 
A-A' (see Fig. 3). Horizons A-D refer to seismic horizons used 


as datum in the reconstructions. Arrows denote relative moye- 
ments within the lake. Symbols as in Fig. 2. 





probably sands shed from the uplifted rift flanks. These sedi- 
ments could be the equivalent of the shallow lake and alluvial 
plain deposits of the exposed Chiwondo Beds’'°, The wedge- 
shaped geometry of this basal unit suggests that a few faults in 
the central valley were active during the initial infill stages. 

The period between stages 1 and 2 was one of extension and 
rapid subsidence as rift-flank drainage patterns became more 
extensive. At the time corresponding to stage 2, the boundary 
faults were well established and the rift had achieved — most 
of its present width. Subsidence along the western fault pro- 
ceeded much more rapidly than its eastern counterpart, and this 
asymmetry was enhanced by clastic input largely from the west. 
The parallel-banded reflectors in this middie unit are indicative 
of deep-water deposition of muds (via turbidity currents?) and 
biogenic oozes, with lake conditions presumed to be similar to 
those prevailing today. The geometry of acoustic laminations 
shows deposition on an uneven lake floor concomitant with 
rotation of fault blocks. , 

Stage 3 is a reconstruction to the top of a strongly reflective, 
nearly horizontal layer (horizon C) that appears to truncate the 
uplifted corners of rotated fault blocks. As deposition on con- 
tinuously tilting fault blocks can account for only part of the 
reflector inclinations at this level, an erosional unconformity is 
proposed. Further evidence for a period of relative uplift is seen — 


in the central lake area where a structural basement high — = 


developed (Fig. 2). The intertonguing bed pattern in the adjacent _ a 
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central graben indicates sediments derived not only from the 
west but from a shallow or subaerially exposed mid-lake high. 
An apparently short-lived period of uplift in segments of Lake 
Malawi may be analogous to the mid-Jurassic doming episode 


< observed in the central North Sea area!”, and to doming in the 


al Africa’® could be related to drier periods 

lake, but too little is known of the timing, 
| ents in the region surrounding 
-constrained correlations at this 


Stage 4 is an interpretation of the present-day structural and 
stratigraphic relations in the Nkhata Basin of Lake Malawi. 
Extension, rotation and continued fragmentation of fault blocks 
dominated the latest rift episode. Substantial movements along 
the border fault system led to general subsidence, while the lake 
refilled to its present level. The unconformity surface in the 
Nkhata Province was overlain by a 60-m thick, acoustically 
‘transparent’ unit. Core studies of the upper 13 m show this to 
be a diatomite with minor clays and organic debris. In the 
extensional periods between Stages 1 and 2 the border faults 
became more diffuse. The more rapid subsidence between stages 
3 and 4 was largely restricted to a 20-km wide central graben 
and was achieved by vertical and rotational movements along 
a few major faults. A similar narrowing of the zone of maximum 
subsidence has also been observed in the South Kenya Rift?®, 


œg , An extrapolation of the chronological history of the Nkhata 


y 








Province to the remaining lake provinces indicates that Lake 


Malawi has grown through the coalescence of structural basins 
during successive episodes of regional extension, uplift and 
subsidence. Half-graben morphologies and fault patterns with 
strike-slip geometries (north-east-trending faults) indicate that 
the Malawi Rift is opening obliquely to the axis of the rift 
(north~south). This is most apparent in the region surrounding 
the bend in the lake, which could evolve into a transform zone 
if the MalaWi Rift becomes a true spreading system. 

The areal dimensions of the four structural provinces (60 km x 
50 km) are remarkably similar within Lake MalaWi, the East 
African Rift System and many other continental rifts. Fault 
patterns within the rift are influenced by pre-existing structural 
grains, but the dimensions of basins in the Malawi Rift remain 
fairly constant. Rosendahl and Livingstone” have suggested that 
the recurrence of these dimensions reflects a fundamental 
response of the lithosphere to the process of rifting that is only 
secondarily affected by pre-existing structural grains. Further 
studies in the rift lakes of East Africa, where it may be possible 


€ to observe continental separation in its juvenile Stages, are 
' needed to define the vertical and horizontal extent of basement 


structures within the extensional basins, and to relate the 
observed repeatability of dimensions to crustal, lithospheric or 
asthenospheric properties. 
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One way to test the proposed causal relationship between mass _ 
biotic extinction and asteroidal impact is to search for the _ 
geochemical signature of such an event at additional mass _ 
extinction horizons other than the Cretaceous~Tertiary (K-T) _ 
boundary. We report here the results of an extensive search for 
an iridium (Ir) anomaly across the late Devonian Frasnian— 
Famennian (F-F) extinction horizon, +367 Myr BP. Over a 
decade ago, McLaren’ proposed that this extinction was caused 
by an astrophysical catastrophe. We have examined three _ 
sedimentary sequences in New York State (the standard refer- 
ence section for eastern North America) and one in Belgium 
(the type locality) which cross the F-F boundary. No Ir anomaly 
was found in any of the analysed stratigraphic sections. The 
highest values of Ir detected ranged from only 0.2% to 2% of 
those reported for the marine and terrestrial Ir analyses at the — 
K-T boundary. Further, Devonian pyrite-rich sediments similar __ 
to those at the K-T boundary do not contain high Ir concentra- 
tions. | 

The proposal by Alvarez et-al? that an impacting asteroid 
was the cause of major extinctions at the end of the Cretaceous 
has given rise to a topical conference (held in Snowbird, Utah 
in 1981) and lively discussion in the literature. Testing the 
hypothesis that asteroid impact can stress biological systems 
sufficiently to cause worldwide extinctions is difficult and, so a 
far, heavily model-dependent. One test of the hypothesis is to. 
search for geochemical anomalies in other, well-established n 
worldwide extinction boundaries in the Phanerozoic? Wechose _ 
the Frasnian—Famennian (FF) (late Devonian) boundary for. 
analysis, as it also corresponds to a global extinction event®, 

Geological sections having continuous marine sedimentation 
across the F-F boundary are present in New York State (the 
Devonian standard reference section for eastern. North 
America), Belgium (the type section of the Frasnian and Famen- 
nian), Alberta, Western Australia, Poland and south China. The 
fact that a major drop in species diversity, and a marked change 
in faunal composition, occurs during the late Devonian epoch —. 
was recognized by palaeontologists and Stratigraphers in New > 
York well over a century ago. By way of illustration, worldwide 
stromatoporoid-coral reef ecosystems were decimated, along - be 
with an estimated 86% of all brachiopod genera and 90% of - 
the phytoplankton°. This faunal break was utilized to divide the > 
New York Upper Devonian strata into two ‘series’, now desig- > 
nated the Senecan and the Chatauquan®. The extinction horizon 
is easily recognizable through the Appalachian Basin on the. 
basis of brachiopods”, Stratigraphically, this faunal break cor 
relates with the basal Dunkirk Shale horizon in New York. 












semblage of Frasnian shellfish; these are absent and. 





ry depauperate fauna is preserved in strata immediate 


erlying the basal Dunkirk®’. 
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Fig. 1 Variations of Co and Ir with depth for the Frasnian-Famennian boundary sections at Walnut Creek (a), Dunkirk Beach ($), and Mills 
Mills (c), New York State. 


_ There is some disagreement as to the formal placement of 
the F-F boundary with respect to intercontinental ammonoid 
and conodont zonations’®”’°. In Europe, the F-F break has 
traditionally been defined in terms of ammonoid zonations, the 
stage boundary being placed at the boundary between the Man- 
“ficoceras Stufe (Frasnian) and the Cheiloceras Stufe (Famen- 
nian). Uncertainty exists in the placement of the boundary 
relative to the more recently developed conodont zonations; 
the F-F boundary may either correspond to the Palmatolepis 
gigas- Lower triangularis, Lower-Middle triangularis, or Middle- 
Upper. triangularis horizons'®'°. It is generally agreed, 
< however, that conodonts of the Upper triangularis subzone are 
` Famennian in age. Conodonts of this subzonal interval occur in 
“the Dunkirk Shale in New York, while ammonoids of the 
Manticoceras Stufe (Frasnian) occur in the underlying Hanover 
Shale®. Thus, the F-F boundary in Europe appears to correlate 
with the Senecan-Chatauquan boundary (Hanover-Dunkirk) 
in New York. 
Three stratigraphic sections were chosen in northwestern New 
- York which cross the Hanover-Dunkirk interval: Dunkirk 
Beach (the type locality of the Dunkirk Shale), Walnut Creek 
-~ “Gorge, and Mills Mills (see refs 16-1 8). The Dunkirk Beach 
~~ and Walnut Creek Gorge field areas were located in deep water 
(150-200 m) basin axis regions of the Appalachian epicontinen- 
tal sea during the late Devonian. Sedimentation rates” were 
in the range 5-10 mm kyr™*. Sediments at the Mills Mills section 
were deposited in shallower water delta slope regions (50- 
100m), sedimentation rates 10-20 mm kyr” !. Lithologies range 
from grey shales and siltstones in shallower water regions, 
. grading to black (anoxic) shales with pyrite nodules in deeper 
<= water regions. A total thickness of 200cm was sampled at 
< Dunkirk Beach and 265 cm at Walnut Creek Gorge. At Mills 
- Mills, a total thickness of 400 cm was sampled. 
- One stratigraphic section was sampled at Sinsin, in southern 
gium”°, which is the type locality of the Frasnian and Famen- 
ian Stages. Sediments here were also deposited in an epicon- 
inental sea setting (the Dinant Basin), and are chiefly calcareous 
_- siltstones and shales. A total thickness of 400 cm was sampled, 
-20 cm above the F-F boundary and 380cm downsection. 
= Allsamples were analysed for Ir and about three dozen other 
. elements by instrumental neutron activation (INAA), with a 
"sensitivity of approximately one part in 10° (1 p.p.b.) for Ir. 
`o Radiochemical separations (RNAA) were performed on selec- 
ted samples to measure Ir in the 107'* g Ir per g sample range. 
<> In none of the 410 samples was Ir detected by INAA (Irs 
- 1 p.p;b.). The highest values obtained by RNAA were 119x 
-407!? g per g (in a Dunkirk Beach sample) and 112x107" in 
-a Walnut Creek Gorge sample (Fig. 1). The mean of all Ir values 
was 50x 10°!? g per g for the composite New York data set, 



















tions. In the Belgium section. the highest Ir is 79x 10°** g. 
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Fig. 2 Variations of Ir (a), Co (b), Ca (c) and Al (d) with depth 

for the type locality of the Frasnian-Famennian boundary at Sinsin, 

Belgium. Note that Ca and Al vary sympathetically with carbonate 
clay proportions. 
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and the same value for the Belgium section. The only other 
siderophile elements routinely obtained by INAA were Co and 
Cr. Plots of these elements against Ir for the combined New 
York localities and the Belgium locality show only weak correla- 








g. In the Belgian data set Ir shows modest correlations with 
(0.69) and Ca (-0.75). This indicates Ir is associated with higher 
clay and lower carbonate contents (Fig. 2). | 
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The F-F boundary has been crossed four times in this study 
without revealing an Ir anomaly. Our sampling interval at 
Dunkirk Beach, Walnut Creek and Sinsin was on 2-cm centre 
points, eee 15 to 20g of sample. Our INAA method 






\ laboratories (see for example ref. 21). In 
se ge agen ae it was necessary for us to 


gap between: ‘samples: was less than ica: Each sample was 
yenized and $g irradiated and counted, with a sensitivity 
ofl p.p.b. for Ir. For the (higher sedimentation rate) Mills Mills 
section sampling was on 4-cm centre points also with 15-20 g 
samples. In this case there was less than 2.5 cm between samples. 
Ganapathy*' reported an Eocene Ir anomaly in a Caribbean 
core, and Kyte et al”? reported a Plicene Ir anomaly in an 
Antarctic Ocean core. In both cases sedimentation rates (3- 
10 mm kyr™' and 3.3 mm kyr™', respectively) are estimated as 
the same or slower than for our Walnut Creek and Dunkirk 
Beach sites. In those cases the Ir anomalies were above our 
1 p.p.b. detection limit for 20 and 30 cm of length, respectively. 
The respective authors speculate that these long lengths of the 
anomalies may be due to bioturbation (or turbidity currents, or 
density differences). With similar sedimentation rates in our 
sites such factors would also operate. In addition, Alvarez et 
al? illustrate the Ir anomaly for the Italian K-T boundary 
sections; it is above 1 p.p.b. for 16cm of length. 
Taking all these things into consideration we conclude that 





= our four Devonian sequences, on two continents, had a high 


probability of locating an Ir anomaly if one were present. We 
did not require 16, 20, or 30 cm spreads to locate one; 2 to 
3cm would have been sufficient. 

Kyte et al”, Keith**, and Officer and Drake? have noted 
the presence of pyrite in the European K-T boundary sections, 
and the Deep Sea Drilling Project sites. Officer and Drake?’ 
suggest that reducing conditions may play a role in precipitating 
Ir normally in solution in seawater, creating the observed 
anomalies. Our New York sections, especially Dunkirk Beach 
and Walnut Creek Gorge, are pyrite-bearing black shales 
formed under reducing conditions, yet there is no anomalous 
Ir observed in them. 

The Earth receives periodic impacts from meteorites of the 
size postulated for the K-T event about every 50 Myr (ref. 26). 
Smaller objects could produce weaker geochemical effects, as 
may be the cases with the Eocene and Pliocene Ir anomalies. 
The problem is the cause-effect relationship with large biotic 
extinctions. It is our conclusion that the F-F extinction does not 


` { appear to have been associated with a large-body impact, unless 


it were an ice-rich (stone-poor) comet or a highly fractionated 
(Ir poor) body (eucrite, howardite, angrite, or nakhlite). 

The research was supported by NSF grant EAR 81-15518 
(G.R.McG.), the US Department of Energy (J.8.G., C.J.O.), 
and the Chalmers Fund of the Field Museum (E.O.). We thank 
P. Sartenaer, P. Bultynk (Royal Institute of Science of Belgium), 
J.D. Knight (Los Alamos National Laboratory) and D. ee 
(Field Museum) for major assistance. 


Received 18 October 1983; accepted 12 January 1984. 


t McLaren, D. J. J. Paleont. 44, 801-815 (1970). 

2. Alvarez, L. W., et al Science 208, 1095-1108 (1980). 

3. Raup, D. M. & Sepkoski, J. J. Science 215, 1501-1503 (1982). 

4. MeLaren, D. J. Buli Geol. Soc, Am. 94, 313-324 (1983), 

5. McGhee, G. R. Jr Spec. Pap. Geol. Soc. Am. 190, 491-500 (1982). 
6 

7 

8 





» Richard, L. V. N.Y. State Mus. Sci. Service, Map Chart Ser. No. 24 (1975). 

. McGhee, G. R. Jr Bull, Geol Soc, Am. 88, 806-808 (1977). 

. Dutro, J. T. Devonian Biostratigraphy of New York (eds Oliver, W. N. & Klapper, GJ 
{international Union of Geol. Seci., Washington, DC, 1981). 

9. Chadwick, G. H. Buil Geol Soc. Am. 46, 305-342 (1935). 

10. Klapper, G. et al) Mem. Geel. Soc. Am. 127, 285-316 (1971). 

il. House, M. R. Acta geol. polon. 23, 1—14 (1973). 

12. Ziegler, W, Palaeont. Assoc. Spec, Pap, 23, 23-47 (1979). 

13. Klapper, G. & Ziegler, W. Palaeont, Ass. Spec. Pap. 23, 199-224 (1979). 

44, House, M. R. Palacon, Ass. Spec. Pap. 23, 263-280 (1979), 

15. McLaren, D. J. Spec. Pap, Geol. Soc. Am. 190, 477-484 (1982). 

16 


: -Geal Surv, H Gas Invest. Map OC-S5 (1956). 
a T NRGI W.. Bull an Ass. Perol, Geol. 44, 1933-1939 (1960), 


. Pepper, J. F. & deWitt, W. L/S. Geol. Sure. Oil Gas Invest. Chart No. 37 (1950); U.S. 


YOL. 208 12 APRI 1H 1 ETERS TONATURE mmama 


18. Patchen, D. G. & Dugolinsky, B. K. (eds), Guidebook Middle and Upper Devonian Clasties. 
Central and Western New York State (US Department of Energy~Eastern Gas Shales’ 
Project, Morgantown, West Virginia, 1979). : 

19. Maynard, J. B. Am, JI Sci. 280, 772-786 (1980). 

20. Sartenaer, P. Bull. Inst. r. Sci nat. Belg., T. 44, No. 43, 1-36 ( 1968). 

21. Ganapathy, R. Science 216, 885-886 (1982). l . 

22. Kyte, F. T. et al Nature 292, 417-420 (19814). 

23. Kyte, F. T. et al Nature 288, 651-656 (1980). l 

24, Keith, M. L. Geochim. cosmochim. Acta 46, 2621-2637 (1982). 

25, Officer, C, B. & Drake, C. L. Science 219, 1383-1390 (1983). ree 

. Wetherill, G. W. & Shoemaker, E. M. Spec. Pap. Geol. Soc. Am. 190, 1+ 











Triassic sea level change and | 
the Ladinian—Carnian stage boundary a“ 
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Time-stratigraphic correlations are difficult in many Middle 
and Upper Triassic sedimentary sections, either because the 
sections do not contain diagnostic fossils or because of 
ambiguities in biostratigraphic resolution. Recently, it has been 
suggested that some Triassic stage boundaries are associated. 
with eustatic changes in sea level™?. Here evidence is presented 
to support that view. Three widely separated examples indicate 
that the local sea level falls were due to a worldwide change in 
sea level. At any locality, the response to the global fall in sea 
level was controlled by the interaction between initial water 
depth, sedimentation rate and local subsidence rate. In the 
examples presented here, areas characterized by late Ladinian 
shallow-water sedimentation show either an erosional unconfor- 
mity or a seaward shift of facies belts at the Ladinian—-Carnian 
boundary. Late Ladinian slope or basinal settings exhibit shal- 
lowing-upward trends, an increase in sedimentation rates, or 
subtle lithological changes across the boundary. These types of 
lithostratigraphic relationships can be used to improve correla- 
tions in areas where Middle and Upper Triassic sedimentary 
sections are difficult to date. 

The original definitions of the Ladinian and Carnian stages 
make it difficult to precisely locate the boundary between the 
two. The Carnian stage was first proposed by von Mojsisovits” 
for a number of rock units in the northern Alps of Austria; no 
type section was designated. Later, von Bittner* defined the 
Ladinian stage for Middle Triassic rocks exposed in the Southern 
Alps of what is now northern Italy—again, no type section was 
designated. Because of the lack of type sections and unam- 
biguously defined lower limits for each stage, the position of 
the boundary between the two stages has been open to interpre- 
tation and still generates much discussion’, Recent work by 
Krystyn® has refined the definition of the base of the Carnian 
in the Tethyan area, but extrapolation of this aia to other, 
areas is still problematic. : 

In the | western Dolomite Alps of northern Italy, near you. 
Bittner’s* type area of the Ladinian stage, the Ladinian- Carnian 
boundary is commonly represented either by an unconformity 
separating shallow-water carbonates or by a change in 
sedimentation style in basinal and slope sections’? (Fig. 1). ;: 
These relationships suggest exposure and erosion in some plat- 
formal settings, an increase in sedimentation rates basin-war y 
of the platform margins, and a shallowing-upward trendi 
basinal areas, all indicative of a relative fall in sea level. Similar 
relationships exist across the Ladinian—Carnian boundary in. 
many areas around the Mediterranean Sea (Fig. 2). The wide- 
spread distribution of these changes shows that the postulated 
drop in sea level affected sedimentation throughout the western 
Tethyan realm. i 

Two other widely separated areas, the western United States 
and locations in the Middle East, also show a relative fall 
in sea level across the boundary between Middle and Upper. 
Triassic sections. In the western United States a widespre: : 
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Fig. 1 Stratigraphic sections from platformal and basinal settings 
in the Alpe di Siusi area of the western Dolomites, northern Italy. 
In certain platformal areas the Ladinian—Carnian boundary is 
represented by either an erosion surface or a karst horizon separat- 
ing shallow-water dolomites. Basinward of some of the platforms, 
the lower Carnian is represented by megabreccias derived from 
: erosion of the platform margins. 


“unconformity separates the Upper Triassic non-marine Chinle 


Formation and its equivalents from underlying Middle and 
Lower Triassic units. This unconformity is one of the most 
extensive and easily recognizable unconformities in the western 


United States'®; it represents a significant erosional event in 


“many areas, and as much as 58 m of erosional relief has been | 


_ documented on the unconformity surface in Utah''. The known 
areal extent of the unconformity is conservatively thousands of 
‘square kilometres, and it represents a significant lowering of the 
erosional base level in the western United States between the 
` middie and late Triassic. 
The Middle East provides the third example of a large area 
where distinct changes caused by a lowering of sea level are 
observed across the Ladinian—Carnian boundary. Throughout 
-most of this area, the passage from the middle to the late 
Triassic was characterized either by non-deposition or by a 
- change from shallow-marine deposition to deposition of con- 
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ental onate-evaporite sequences’. In Iraq, 
for example, the Upper Triassic is believed to rest unconform- 
ably on the Middle Triassic everywhere the contact can be 
observed, although there is no apparent angular unconformity . 
at any locality’’. In the Atshan No. 1 well in northern Iraq, th 
Ladinian—Carnian boundary occurs at the contact between the / 
Middle Triassic Geli Khana Formation and the Upper Triassic 
Kurra Chine Formation. The contact is a haematized and 
silicified horizon superimposed on leached, vugular dolomite of 
the Geli Khana Formation!?. This suggests that the dolomite — 
was subjected to exposure, surface weathering and freshwater 
dissolution before the deposition of the overlying Kurra Chine 
Formation. 7 

The local stratigraphic relationships observed across the 
Ladinian~Carnian boundary have been attributed to tectonic 
activity in two of the areas used here. Differential uplift and 
subsidence related to rifting have been cited as explanations of 
the Middle-to-Upper Triassic stratigraphy of parts of northern 
Italy and western Austria”’*. The erosional unconformity 
between the Upper Triassic and underlying rocks in the western 
United States has been related to broad regional uplift’. 
Although there is uncertainty about the amount of time rep- 
resented by the Ladinian-Carnian boundary in the examples 
where it is marked by either an erosional unconformity or a 
hiatus, the available biostratigraphic data indicate that the local 
sea-level falls were broadly synchronous in all the areas dis- 
cussed. This, together with the great distances between theareas gy” 
affected, supports the contention that the local sea-level falls 
were caused by a eustatic sea-level event. 

The magnitude of the eustatic fall is unknown, but because 
it exposed large areas in several shallow-water settings, the fall 
must have been in the range of 10 m instead of just 1 or 2 m. 
The cause of the eustatic change is also unknown: possible causes 
include events related to middle and late Triassic rifting in 
western Europe or as yet unrecognized changes in the Earth’s 
ice budget. 

The local responses to the eustatic change depended on several 
interacting factors, the most important of which were sedimenta- 
tion rates, subsidence rates and the water depth before the fall. 
These factors, combined with the eustatic drop in sea level, 
created predictable lithostratigraphic relationships that can be 
used to enhance time-stratigraphic correlations in areas where 
biostratigraphic data are limited or where similar rock types 











Fig. 2 Selected circum-Mediter- 
ranean locations and stratigraphic 
sections where the Ladinian~Carnian 
boundary is represented by an 
erosional unconformity, a hiatus, or 
an abrupt lithological change. Refer- 
ences: Cataluna’*'*; Ariege area, 
Aquitaine Basin'’; Sestri- Voltaggio 
zone; Prealps rigides’; Lor- 
raine’®; Innsbruck area’*; western 
Dolomite Alps®°;  Dinarides*’; 
Mosian area’*. The stratigraphic 
columns do not imply thicknesses. 
Lithological symbols: dashes, shales 
and mudstones; a, evaporites; 
‘stippling, sandstones, diagonal 
slashs, shallow-water dolomites; ver- 
tical slashs, shallow-water lime- 
stones. 
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with undiagnostic faunas are superimposed across the Ladinian- 
Carnian boundary. 
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Late Quaternary 
environments in north-central India 
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Microfossil, sediment and oxygen isotope studies of dee ep-sea 
cores from the Bay of Bengal and northern Arabian Sea” have 
revealed strong contrasts between high late Pleistocene and low 


-g early Holocene salinity values’, indicative of major changes in 


" runoff from the large rivers of southern Asia”. Here we present 
the first radiocarbon-dated continental evidence for late Quater- 
nary changes in river regime and loess accumulation in this 
region. Our data support earlier palaeoclimatic inferences based 
solely on oceanic evidence? 3, have important implications for 
fluvial palaeohydrology®, and provide clear environmental 
constraints against which to test existing r regional models of 
prehistoric land use and early agriculture’? 


The Son River originates at latitude 23° N in the sandstone. 


uplands of central India and flows eastward along the foot of 
the Kaimur Hills before it leaves the hills and flows north- 
eastward to the Ganges (Fig. 1). The Belan is a smaller river 
with its headwaters in the Kaimur Hills. It flows north and west 
to the Tons, which joins the Ganges below Allahabad. The 
Kaimur Hills rise 200-300 m above the Son and Belan valley 
floors, which are about 150 m above sea level in the surveyed 
area (Fig. 1). Lower Proterozoic/ Vindhyan greywacke sand- 
stones, siltstones, dolomitic limestones and minor igneous and 
metavolcanic rocks crop out along the Son valley; these are 
overlain unconformably by the Upper Proterozoic/ Vindhyan 
quartzites, sandstones and shales of the Kaimur escarpment. 


Tertiary basalts crop out in the Son headwaters, and are the — 
source of the agate, chalcedony and jasper pebbles downstream. 
Peak flow in both rivers coincides with the summer monsoon. — 
Winter flow is usually low, but a few weeks of rain can make ~ 
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Fig. 1 Location of study area. Black circles denote a i a 
sections studied in detail. 


the Son rise several metres to become a fast-flowing river nearly 
1,000 m wide, as in January 1982. The Son is entrenched over 
30 m into its late Pleistocene flood plain, the Belan over 20 m. 
Excellent stratigraphic exposure along river banks and tributary 
gullies, some of which reach to the foot of the escarpment, 
allows good three-dimensional reconstruction of late Quater- 
nary alluvial history (Fig. 2). 

Time control is based on radiocarbon assays of shell, charcoal 
and pedogenic carbonate (Table 1). We tested each shell sample 





Table 1 Radiocarbon dates for shells, charcoal and: carbonate from 
the Son and Belan valleys, India 
















14C date (yr BP) Lab no. 
A 3,390 + 100 PRL407* Charcoal 
B 10,030 +115 SUA1421 Shel 
c 18,055 +150 Beta 4789 . Shell 
19,715+340 TF 1245* Shell - 
25,430 + 350 Beta 4877 Shell 
D 25,7907830 PRL 86* Shell 
26,270 + 660 Beta 4790 Shell 
Son 
3,215+70 Beta 4879 
E 4,130+110 Beta 6414 
4,740 + 80 Beta 6415 
F 5,305 +90 SUA 1422 
G 11,870+ 120 Beta 4792 ae 
H 13,145+ 140 SUA 1420 Carbonatet 
I 20,135 + 220 Beta 4791 Shell = 
J 26,250 + 420 ` Beta 4793 


Shell 






* Ref. 7. 
t Post-depositional, and so a minimum age only. 
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Fig. 2 Composite Quaternary geological sections for the Belan 
... (a) and middle Son (b) valleys, where alluvial formations HI and 

IV are correlated by radiocarbon ages and I and II are provisionally 
- correlated by lithofacies and prehistoric artefact assemblages. Ages 
are given in thousands of years; A~J refer to Table 1. LP, MP, 
UP and EP denote Lower, Middle, Upper and Epi-Palaeolithic 
“stone tool assemblages found in primary context. M, Mesolithic; 
N, Neolithic. Arrowed numerals 1-4 indicate the stratigraphic level 

of loess samples shown in Fig. 3. 


-for recrystallization by using X-ray diffraction calibrated against 
` known quantities of calcite and aragonite. No sample showed 
any sign of recrystallization from aragonite to calcite. As a 
-further test we dated molluscs from the present Belan River. 
‘The two oldest alluvial formations (Fig. 2, I and II) seen 
-exposed in the Son and Belan valleys contain Acheulian and 
` Middle Palaeolithic artefact assemblages, and are beyond the 
"present range of '“C-dating. The two youngest formations (Fig. 
2, IN] and IV) are now securely dated in both valleys, one to 
late Pleistocene, including the last glacial maximum (~25 kyr 
to 10 kyr), the other to late Holocene (~5 kyr to 3 kyr). 

In the middle Son valley the 25-10-kyr alluvium mantles the 
glider formations and forms a plain 5-10 km wide and over 
100 km long on either side of the river. The plain is 30-35 m 
above the low-water bed of the Son, which includes bedrock, 
sand and gravel reaches. Near the river two alluvial members 
are evident in formation HI: a lower sandy member 10-15 m 
~ thick, with carbonate-cemented gravel lenses sometimes rich in 
mammal fossils, and an upper horizontally-bedded clay member 
~~ also 10-15 m thick, with thin sandy interbeds®. The lower sandy 
member lenses out 1-2 km away from the river. Towards the 
hills, formation III grades into a massively-bedded fine sandy 
clay which we interpret as loess. For up to 10m in vertical 
~~ section the clay is of uniform colour, mineralogy and grain size 
< (Fig. 3). The fine sand fraction consists mainly of sub-rounded 
to sub-angular quartz; the silt fraction, also mainly quartz, is 
-angular and resembles silt grains produced in recent wind 
: abrasion experiments'”. Away from the piedmont the loess was 
~~ subjected to erosion and redeposition by the river and its major 
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Fig. 3 Particle size distribution of four loess samples from the 

Belan and Son valley study areas, Stratigraphic levels shown in 

Fig. 2. The phi unit scale is based on @ = —log, mm. Analyses 
taken down to $ = 9. 


Sporadic deposition of wind-blown dust continued during the 
early Holocene Mesolithic occupation”® of both valleys, but 
with a colour change locally from yellow-brown to black, poss- 
ibly indicative of organic staining of dust trapped in seasonal or 
perennial swamps. From about 10-8 kyr until about 5-4.5 kyr, 
the two rivers incised 20-30 m into their former flood plains, 
exposing older alluvial formations. Towards 4.Skyr until 
roughly 3 kyr, the Son and Belan ageraded once more, but 
only to about +12m, and not +30m, as in the terminal 
Pleistocene. Neolithic cultural remains”? locally abound within 


the sands and clays of this late Holocene alluvium, indicating | 


that the Son and Belan valleys have been farmed for at least 
4,000 yr. 

The closest probable source area for the late Pleistocene loess 
is the alluvial plain of the Ganges which extends from the 
Himalayan foothills to within 50 km of the Belan and 100 km 
of the Son (Fig. 1). Himalayan pine pollen within the loess also 
points to a northern provenance (Dr Vishnu Mittre, personal 
communication). The Thar Desert 900 km to the WNW may 
also have furnished some dust. Accumulation of late Pleistocene 
loess within sheltered valleys like the Son and -Belan accords 
with Duplessy’s inference from salinity patterns in the Bay of 
Bengal that at the last glacial maximum, strong dry winds blew 
from the north-east during winter’. : 

A change from sparse vegetation and high sediment yields m 
the Son headwaters at glacial maximum (25 to ~17 kyr), to 
dense vegetation and low sediment yields during the warm, wet 
postglacial is consistent with the observed change in alluvial 
sedimentation®. The cross-bedded sands of Son formation HI 
are capped by overbank clays, indicating a change from bedload 
to suspension load. Early Holocene incisi on into the Pleistocene 
flood plain implies excess potential ¢ nergy, a low load/discharge 








ratio, and an efficient channel cross-section of low width/depth 


might have been impossible during the last glacial maximum 





















Here, as elsewhere’’, a well drained flo od plain and reliable. 
rains offered Neolithic farmers a chance of success. Farming 
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The Himalayan mountain chain is a product of the continent-to- 
continent collision of India with Asia. Major mountain building 
activity in the Himalaya was followed by the shedding of sedi- 
ments which were deposited in extensive non-marine basins on 
the Indian craton. The late orogenic hominoid-bearing Siwalik 
basin, comprising alluvial deposits, occurs along the northern 
margin of the Indian plate and has itself been uplifted. Major 
Siwalik palaeodrainages are believed to have originated in the 
Himalaya. We now report bed by bed measurement of 
op PR acocurrent data of the Upper Siwalik rocks from the outer- 
“(most Foothills Belt which suggest that active intra-basinal highs 
have locally caused palaeodrainage reversals, Discontinuity in 





apparently continuous stratigraphical sequences is recognized. 


as the composite aggradation of alternating depositional events 
related to drainages controlled by basin margin and intra- 
basinal structural highs. The period of repeated uplift of these 
structures is estimated to be 1 to 5x 10° yr. 


Fig. 1 Map of the area investigated. Measured 
sections are marked by thick lines. 








— LETTERSTONATURE—— 
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Basinal evolution and the nature of the lithic fi 
orogenic basins are determined largely by contem 
tectonic activity'°. It is therefore reasonable toh 
that palaeoflow variability recorded in the depo 
orogenic basins may be a manifestation of various episod 
tectonic activity. It has been shown that, taken as a ti 
sequence, the vectorial properties of sedimentary rocks | 
useful information about regional tectonic events*. In contrast 
within a single bed the vectors provide palaeogeographic inf. 
mation. The main conclusion drawn from the meagre d: 
available*? on the palaeocurrents and dispersal patterns of the 
Siwalik late orogenic deposits is that the palaeodrainage was _ 
from the orogenic highlands in the north. ew 

In the Foothills Belt near Chandigarh (Fig. 1), the Upper _ 
Siwalik Subgroup, containing rich vertebrate mammalian _ 
fauna’*"'° and hominoid remains'*'5, are being intensively _ 
investigated. The temporal variability in bed by bed directional _ 
data of the Upper Siwalik Subgroup indicates the presence of © 
four sediment-vector sequences in the Khetpurali section (Ka 
Ke K, and Ka) and three sediment-vector sequences in the _ 
Ghaggar section (G,, G, and G.) (Figs 1,2). The palaeodrainage 
pattern in the Khetpurali section reveals that north-flowing _ 
drainage had a major influence twice in the Stratigraphical _ 
column within a 1-3 Myr interval, By inference, the sediment- 
vector sequences K, and K, (Fig. 2) indicate the periodic pre- 
dominance in tectonic activity of intrabasinal growth structures 
(folds) recognized independently through geophysical (seismic 
and gravity) data’*'’, The subsurface synclinal structure near 
Ambala consists of older Tertiary rocks of the molassic phase, . 
with a sediment thickness of ~ 3,000 m (ref. 16). | 

There is also a mutually antipathetic temporal relationship 
between polycrystalline and monocrystalline quartz at the level 
corresponding to the drainage reversal from sediment-vector 
sequence K, to K, (Fig. 2). In contrast to this, in the Ghaggar 
section 13 km away, the drainage originating from the 
intrabasinal highs seems to have had no effect. The sediment- 
vector sequences in the Ghaggar section can be related to the. 
periodic activities of adjacent basin-margin structural highs (Fig. 

3) in the north. Geological data reveal that in both the north-east 
and north-west, topographic ‘highs’ exist to the north of the 
Main Boundary Fault and form part of the set of imbricate 
thrust structures in the outer part of the Lesser Himalaya 
bordering the Siwalik basin (Fig. 3). The differences in the 
sediment dispersal patterns of the two neighbouring sections 
indicate that the influence of the intrabasinal high may be of 
local importance. This, however, does not exclude the possibility 










.of the input of fine sediments from the south in the Ghaggar 


section. The concept of ‘competitive drainage’ at the deposi- 

tional sites as related to the episodicity of basin marginal and _ 
intrabasinal structure has emerged. In the Khetpurali section, ae 
the competition is between drainage emanating from a tectonic 
high in the north and from an intra-basinal tectonic highlocated 
in the opposite direction in the south. The competition in the 
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- Fig. 3. Perspective diagram showing the 
subsurface basement synclinal structures 
in the south and topographical highs in 
‘the north which control the palaeodrain- 
“ages of the sediment-vector sequences of 
-the Upper Siwalik Subgroup. Major struc- 
tural planes are shown in the diagram. The 
| Nahan Formation represents the early 
phase of molassic sedimentation. The 
+ Kasauli, Dagshat and Subathu formations 
-represemi the pre-molassic early Tertiary 

: sedimentary sequence. 
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- Ghaggar section is, however, between two adjacent basin- 

marginal structures (Fig. 3). 

. _. Using the magnetic polarity stratigraphical data of the Khet- 

Bs purali section", we estimate that the sediment-vector sequences 
Ka, K, and K, span time intervals of 4.4 10°, 1.4 10° and 


1.8% 10° yr, respectively. The average estimate of 50cm per 


=o 1,000 yr for the rate of sedimentation’? of the Upper Siwalik 

-Subgroup suggests time intervals of 2.7x10*, 3.3x10° and 

. for the sediment-vector sequences G,, Ga and 

ihaggar section. It therefore seems reasonable to 

period of activity of basin-marginal and intra- 
ghs is of the order of 1 to 5X 10° yr. 

dary sources related to intra-basinal struc- 
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Fig.2 a, b, Stratigraphical logs of the Ghaggar 
and Khetpurali sections showing the positions 
of the sediment-vector sequences (G,, Gy Ge 
and K,, Kp Ko Ky). Arrows to the left of the 
logs indicate palaeoflow vectors for individual 
sandstone and conglomerate bodies. c, Mag- 
netic polarity zonation of the Khetpurali sec- 
tion. d, Relative percentages of polycrystalline 
; quartz (Qp), monocrystalline quartz (Qm), 
/ feldspar (F) and lithic fragments (L) in the 
J Khetpurali stratigraphical column. 
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in apparently c continuous late orogenic stratigraphical sequences. 
This is of paramount importance in palaeoecological reconstruc- 
tions of the hominid/hominoid sites of the Siwalik basin. 

We thank Paramjit Singh for help with the dia: ‘grams. Professo 
I. P. Martini offered critical comments on an earlier version of 
the manuscript. R. K. was supported by a UGC grant. 
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Denervation releases a neuronal 
survival factor in adult rat hippocampus 





Fred H. Gage, Anders Bjorklund & Ulf Stenevi 


Department of Histology, University of Lund, Biskopsgatan 5, 
S-223 62, Lund, Sweden 


aaa ESA 


Target-derived macromolecules in the peripheral nervous Sys- 
tem apparently play an important part in the regulation of 
neuronal survival. and maturation during critical stages of 
development'”’. Similar trophic factors could also be required 


™ in the central nervous system (CNS) for the maintenance of 


intracerebral connections, and neuronal cell death may result 
from a decrease or failure of a target-derived trophic support®’, 
Recent experiments have demonstrated the presence of factors 
in brain extracts or astrocytic glial cells which can support. the 
survival of embryonic sympathetic, parasympathetic or sensory 
ganglionic neurones in vitro!-'4, The importance of these puta- 
tive factors for neuronal survival in vivo has, however, so far 
not been demonstrated. In the study reported here we have 
used the intracerebral grafting technique to monitor the availa- 
bility of survival factors in an adult CNS target area and show 
here that neonatal rat superior cervical cells, which have an 
absolute requirement for such factors for their survival’:?>15., 
will survive in the hippocampal formation of adult rats only in 
the presence of a denervating lesion. — Du, 

In the first experiment, an aspirative lesion was. made uni- 
laterally in the retrosplenial cortex in 19 adult female Sprague— 
Dawley rats, as described previously’® (Fig. 1). This lesion 
exposes the hippocampus posterodorsally, and transects at the 
yame time the dorsal subiculum and the perforant path axons 
“f innervating the dorsal hippocampus and dentate gyrus. In the 
same operation the superior cervical ganglia (SCG) were excised 
from 1-day-old rat pups and implanted (two in each cavity) in 
direct contact with the exposed hippocampal surface. The cavity 


was filled with gel-foam (Spongostan; Ferrosan, Denmark) and - 


the wound was closed. In 10 of the 19 implanted animals a 
second aspirative lesion was made, in the same surgical session, 


through the ipsilateral fimbria-fornix bundle (Fig. 1). This lesion: 
transects major afferent and efferent. projections of the hip- 


pocampal formation, including the cholinergic septal afferents”. 
Seven weeks after surge 
for catecholamine fluorescence histöchemistry, according to the 





ALFA method for paraffin-embedded specimens’. Serial 15- 


um sections were cut coronally through the implant and the 


dies were counted in every third section in the fluorescence 
microscope according to Abercrombie!®. | 

The survival of the implanted SCG neurones is summarized 
in Table 1. The implanted neurones survived very poorly in the 
rats with intact fimbria~fornix. In fact, not more than one 
fluorescent SCG neurone survived in any of the rats in this 


group (Fig. 2a). By contrast, all implants in the fimbria~fornix ` 
lesion group possessed large numbers of ‘surviving SCG 


_ neurones. These neurones occurred singly or in clusters on the 
©- Surface of the host hippocampus or dentate gyrus. They were 





; the rats were perfused and processed 


_ adjacent hippocampal formation, and surviving ganglionic cell- 
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seen to extend processes into the host hippocampal formation 
where they ramified extensively, above all in the hilar zone of | 
the dentate gyrus (Fig. 2b-d). The number of surviving neuro 
(average of 90 neurones per two implanted ganglia) was a 
one-sixth of that previously recorded for implants of adult St 
(average of 145 per half ganglion)”. a, 

In addition to the ganglionic neurones, clusters of 
chromaffin-like, so-called SIF cells were present in the implan 
These SIF clusters occurred in both groups of animals and thei 
survival seemed to be independent of the fimbria~fornix lesion 

In a second experiment we sought to quantify biochemical! 
the total noradrenaline (NA) content in the transplant includin E 
its axonal processes in the target tissue. Twelve animals were 
initially treated with 6-hydroxydopamine (6-OHDA) and — 
bilateral sympathectomy to eliminate endogenous noradrena- _ 
line, and subsequently received neonatal ganglia transplants to _ 
the retrosplenial cavity with or without simultaneous fimbria- 
fornix lesion as above. The results are presented in Table 2, — a 

In the graft plus hippocampus target combined, no trans- 
plant-derived noradrenaline was detected in rats without 
fimbria~fornix lesions (group 3 in Table 2). By contrast, trans- a 
plant-derived noradrenaline was about 30 times greater when _ 
the neonatal SCG transplants were grafted in the presence of 
the fimbria~fornix lesion (group 4). In fact, the content of 
transplant-derived noradrenaline in the transplant and target 
tissue in the presence of target denervation was equal to the 
normal engodenous noradrenaline content of thè target tissue 
(group 1), while in the absence of target denervation there - 
appeared to be no significant transplant-derived noradrenaline 
in the transplant or the target tissue. The average total > 
noradrenaline content measured in the presence of the denervat- 
ing lesion can be estimated to correspond to the content of 
approximately 50 adult rat SCG neurones. This value was calcu- - 
lated from the data of Dahlstrém?°, who estimated the average 
total noradrenaline content in rat SCG neurones (cell body plus 
total axonal network) at approximately 250 pg per neurone. 
The average total noradrenaline content in the SCG graft and 
hippocampal target combined was about 13 ng in the denervated 
animals. 

Fimbria-fornix transection, or lesion of the septal-diagonal 
band area, has previously been shown to stimulate the growth 
of adrenergic ganglionic fibres into the denervated hippocam- 
pus’ "2-23 as well as the regeneration of the intrinsic adrenergic 
losuc coeruleus axons after chemically induced axotomy’’. Both 
these effects have been proposed to be due to the release of a 
nheuronotrophic factor (or factors) whose production normally 
is under the control of the cholinergic septal afferents?”2!22 In 
the present study the survival of the implanted neonatal SCG 
neurones depended on the integrity of the fimbria—fornix bundle, 
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7 Fig. i Schematic representation of retrosplenial cortex cavity 
neonatal superior cervical ganglia placement in the cavity, and the 
location of the aspirative lesion through the ipsilateral fim 

fornix. ee 
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Table} Neonatal superior cervical ganglion cells 
following transplantation 
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Group 1: Transplant with 
fimbria~fornix transection 
Fluorescent SCG 


Group H: Transplant without 
firmbria~fornix transection 
Fluorescent 5CG 


Rat no. cells* Rat no. cells* 

Z 5h j 9 

3 95 4 9 

5 84 6 0 

8 T2 7 0 
10 . HB 9 i 
i2 58 11 0 
15 50 13 1 
16 171 14 1 
18 113 17 9 
19 137 
j= 10 £¥= 90.2 ned jaga 
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* Calculated according to the method of Abercrombie’. 


which suggests that the hippocampal target factor (or factors) 
released by deafferentation can provide a nerve growth factor 
(NGF)-like support for ganglionic neuronal survival. This effect 
seems to be specific for afferents running in the fimbria~fornix 
- (presumably the septal cholinergic projection) since the aspira- 
tive lesion. of the retrosplenial cortex, which denervates the 
dorsal hippocampal formation of its massive perforant path 
input, did not have the same effect. Moreover, since the SCG 
implants in the present study were placed in the cavity outside 
the host hippocampus, we propose that the trophic support of 
-the implanted neurones is due to the release of diffusible survival 
factor(s). Nieto-Sampedro et al.'* have previously shown that 
factors with such properties indeed accumulate in a cortical 
wound of the type used in the present study. 
In the peripheral nervous system there is good evidence that 
target-derived neuronotrophic factors have an important role 
in the regulation of survival, development and maintenance of 


mt 














Bey -Fig 3- Fluorescence photomicrographs of retrosplenial cortex cavity 7 weeks after neona 


-o fimbria 





surviving inthe brain Table 2 Transplant-derived NA. content in animals with and without 


on; bin the presence of ipsilateral fimbria~fornix lesion; & higher magnifica 
i pocampal formation; GF, gel-foam; ENT, entorhinal cortex; 5C; superior colliculus. a and b, X20; c x50; d, x100. 






fimbria~fornix transection 
 .. NA content 

{ng per 100 pg protein) 

(transplant + hippocampus 














combined) 
(1) Normal hippocampus 6.231 «0.004 
(2) 6-OHDA + bilateral 0.017 £0.005 
sympathectomy 
(3) 6-OHDA + bilateral 0.009 20.001 
sympathectomy with SCG 
transplant 
(4) 6-OHDA+ bilateral 0.287 20.003 


sympathectomy with SCG 
transplant and fimbria~fornix 
lesion 
Differences:(4) versus (3) = P<0.001; (4) versus (1) =P < 0.025; 
(3) versus (2) = nus. (one-way analysis of variance with 
post hoc Newman-Keuls test). 


For this experiment 12 rats were depleted of all CNS noradrenaline 
(NA) by 6-OHDA (250 pg in 20 wl) injected into the right lateral 
ventricle 1 month before transplantation, and bilateral sympathectomy 
5 weeks before transplantation. All 12 rats received implants of two 
neonatal ganglia in the retrosplenial cavity asin the previous experiment. 
Six of these rats received simultaneous unilateral fimbria-fornix lesions 
ipsilateral to the transplant. An additional group of normal unoperated o m 
rats was taken for controls. Noradrenaline in the transplant and hip- oe 
pocampal formation combined was assayed radioenzymatically by a 
modification?! of the method of Da Prada and Zurcher’. 


sympathetic adrenergic neurones’, parasympathetic choliner- 
gic neurones” and spinal mononeurones” ’. NGF appears to 
have this role for adrenergic ganglionic neurones, whereas non- 
NGF-like factors are likely to act on the cholinergic autonomic 
or spinal neurones. Naturally occurring cell death has been 
suggested to be due to a competition within the innervating 
neuronal population for trophic support from the target*>-24°, 








| SCG transplant. a, In the absence of ipsilateral 
cation of 6; d, higher magnification of inset mb 








and, consequently, maintenance of the innervating neurones 

throughout the lifespan of the animal may depend on the same 

mechanism. The present observations provide evidence for the 

in vivo elaboration of neuronal survival factors from target areas 

_ within the CNS and, as has been reported in peripheral 

wt’ targets 2326 | production can be greatly increased after 

~ partial denervat € target. This is consistent with the idea 

3 phic factors are important also for the 
>bral connections. 

actors monitored in the present experi- 
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coeruleus adrenergic projection system, 
been shown to be involved in the 
‘ocesses associated with normal or patho- 
Interestingly, Pearson et al.™ have recently 














neurodegene 
logical aging”. 
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We have studied the properties of CI- channels in Muller cells 
a `f the lamprey brain, which are activated by two putative 
“wneurotransmitters, glycine and y-aminobutyric acid (GABA). 
Previous studies” have shown that in these cells the two ligands 
act through different receptors, and it was of interest to deter- 
mine whether or not the two receptors, in turn, activate separate 
channels having different properties. We have shown pre- 
viously** that the channels activated by glycine have large 
conductances which decrease rapidly as the intracellular Cl” 
concentration [CI], is increased above normal. We show here 
that GABA-activated channels have much smaller conduct- 
ances which are independent of [CI], over the experimental 
range and also that the response to a saturating application of 
glycine is not occluded by simultaneous GABA application. 
These observations indicate that the glycine and GABA recep- 
tors are coupled to separate Cl” channels having different 
_ Characteristics. 





trodes, one for measuring transmembrane potential, the other 
for passing current. Experimental methods and procedures for 
analysing membrane current noise are described in detail else- 


where*. GABA (0.2 M) and glycine (0.25 M) were applied to 
the cells by pressure pulses to pipettes placed near the base of. 
the dendrites, When drugs were applied simultaneously, the two 
pipette tips were adjusted to be less than 10 um apart. Experi- 


ments were done at 5+ 1°C. 











levant with respect to the mainten- 
nd basal forebrain cholinergic projection 


Records were made from Müller cells in brains from adult 
lampreys (Lampetra lamottenii) using two intracellular elec- 


of this type, the mean channel conductance and open. 
(4s.d.) were 17+ 4 pS and 42+ 4 ms, respectively. The conc 
ance is much smaller than that reported previously“ fe 
>> response to glycine in these cells in comparable condition 
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pointed out that extensive retrograde neuronal shirnkage and 
degeneration, similar to that seen in patients with Alzhe l 
disease, also occur in the nucleus: basalis and locus coe 
after extensive cortical damage, that is, after lesions that 
deprive the cholinergic and noradrenergic neurones of a po 
tial source of target-derived trophic support. The intra 
neural implantation technique should provide a valuabl 
as an in vivo assay system for the further exploration of ce 
neuronotrophic mechanisms and their changes after damage a 
with age“, Se 
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Fig. 1 Power density (A? s) as a function of frequency (Hz) fòr- wie 
membrane current noise produced by application of GABA to avec: 
Muller cell by pressure pulses from a micropipette. Points are the a 
means of 24 spectra smoothed by weighted averaging of adjacent 
points in groups of five. The smooth curve is of the form S(f 
SOMI +J T, where S(f) is the power density and 
frequency; it was fitted to the results by eye by selection of. 
the asymptotic power density, S(0) and corner frequency, fo 
Reversal potential for the response (V.) was ~67 mV, holding 
potential (V,,) —57 mV, and mean current (J) 6.6nA. Curve - 
fit with S(0)=2.2x10"? A?s, f.=4.5Hz. Mean channel 
open time, 7=(2nf,)"'=35.4ms; channel condu ctance, 
Y= 5(0)/471(V,, ~ V,) = 23 pS. Experiment done at 6°C, 
















An example of the power spectrum of GABA-induced curren 
fluctuations with normal [CI], is shown in Fig. 1. The spe 
distribution was consistent with a single-channel conductan 
of 23 pS and a mean open time of 35 ms. In eight experi 
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Fig. 2. Examples of current noise produced by GABA and glycine 
in the same Miiller cell. Reversal potential for both responses was 


_ 65 mV, holding potential -55mV. Both agonist applications 


produced maximum outward currents of ~4 nA (lower traces) but 

the increase in baseline noise due to GABA was much smaller 

than that due to glycine, indicating a much lower single-channel 

“eonductance. Calculated channel conductances. and mean open 

times were, respectively, 14 pS and 45 ms for GABA and 63 pS 
and 32 ms for glycine. 
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Fig. 3 @, Conductance of GABA-activated channels plotted 
~ against intracellular CI” concentration. The slope of the regression 
line (0.008). is not significantly different from zero. ©, Results 
obtained previously* for glycine-activated channels, shown for 
comparison. The behaviour of the two types of channel is markedly 
different. The intracellular Cl” concentrations were calculated 
from the reversal potential for the responses’, using the Nernst 
equation. | 


Fig. 4 a, Effects on input resistance 
of maximal applications of GABA 
and glycine to a Miiller cell. Cell 
resting potential was —67 mV and 
_. 8-nA current pulses produced 10- 
- mV. electrotonic potentials (down- 


a Gly 





n (top trace) reduced the || || 
esistance to 0.26 MQ. Appli- |||] 
‘of GABA from a second ||| 
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apparent when the i n baseline variance produced by 
the two agonists is compared in the same cell; see Fig 2. The 


mean currents produced by GABA and glycine were similar 


but the increase in baseline variance produced by GABA was . 


much smaller, indicating a much lower single-channel con- 
ductance. 

To assess the effects of increased [CI]; on the GABA-acti- 
vated channels, cells were loaded with Cl” by injection from 
KCl-filled pipettes. Mean channel conductance (18+ 3 pS) and 
open time (43 + 6 ms) were unchanged by CI” loading. Intracel- 
lular CI” concentrations ranged overall from 5 mM to 22 mM, 
calculated from the reversal potential for the response”. When 
channel conductance was plotted against [Ci] (Fig. 3, solid 
circles), neither the slope of the resulting regression line (0.008) 


nor the correlation coefficient (0.011) was significantly different — 


from zero. The overall conductance and mean open time were, 
respectively, 18+4 pS and 4225 ms. These results are in 
marked contrast to those obtained previously with glycine- 
activated channels**, also shown in Fig. 3 (open circles) for 
comparison. 

The marked differences in single-channel conductance and 
effect of intracellular CI” on conductance suggest that GABA 
and glycine activate different populations of channels. Alterna- 
tively, the channels may be the same but have different conduct- 
ance states when activated by the two agonists. Thus, GABA 


might open such a channel to its lowest conductance state and. 
glycine to a higher conductance, depending on the intracellular 


Ci” concentration. In support of this idea, it has been proposed” 
that in cultured spinal neurones the conductance of GABA- 
activated channels is a sub-state of the glycine-activated con- 
ductance. Whether the channels in the Müller cells activated by 
the two agonists are the same or different cannot be decided 
with the techniques at hand, However, evidence can be obtained 
about whether the individual channels are shared by the glycine 
and GABA receptors. If they are, and if binding of the ligands 
to the receptors is reversible, then with normal [CI }; the con- 
ductance change produced in a cell in response to a saturating 
application of glycine should be occluded by simultaneous appli- 
cation of GABA. In other words, in the presence of GABA, 
channels which would otherwise be activated by glycine would 
be opened to a lower conductance state and the overall macro- 
scopic conductance change would be reduced. If, on the other 
hand, the two receptors activate separate channels, the conduct- 
ances should sum. Summation was evident in four experiments 


similar to that shown in Fig. 4a. When the two pipettes were... 
filled with glycine (Fig. 4b) no such summation occurred, indicat — 


The difference in conductance is- 
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ing that the summation observed with GABA and glycine was 


due neither to lack of receptor saturation nor to spread of ligand 
from the second pipette outside the region activated by the first. 


application (see text). b, When glycine was applied from both 
~57 mV, 8-nA current pulses produced 15-mV electrotonic 














he fist pipette (Gly 1) reduced the input resistance to 0.26 MQ; application — 
reduced the input resistance to 0.27 MQ and 0.26 MQ, respectively. — ) 


Min mA 





The conductance of the GABA-activated channels is in the 
range reported previously for other cells™*: the mean open time 
is also consistent with previous studies when allowance is made 
for differences in temperature. Our results show that the CY 
channels activated by GABA are quite different in their 
behaviour from. those a ine i 
- Furthermore, the lack.o 












simultaneous pplication suggests that the glycine and 
GABA rec “Share individual channels. This is in 


us suggestion” that channels in cultured 
ed by GABA and glycine are shared. 












ls that are activated by GABA and glycine 
trinsically different or whether their differ- 
racteristics are agonist-induced, as proposed for cultured 
spinal neurones’, remains to be determined. 
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The human T-cell leukaemia and differentiation antigen HTA 1 
is defined by the monoclonal antibody NA1/34 (ref. 1) and also 
recognized by the monoclonal antibody OKT6*. Like class I 
products of the human major histocompatibility complex, it has 
a glycosylated heavy (æ) chain of approximately 45~50,000 


molecular weight (MW) in non-covalent association with f,- 


_microglobulin (8.m) (MW 11,900). A particular feature of 
THTA 1 is the presence in significant amounts of an additional 
~ Bym-like subunit, called P, (refs 3, 4). To facilitate biochemical 

studies we have prepared a high HTA 1 e r variant 

(NH17) of the human thymoma line MOLT-4°. The N-terminal 

amino acid sequence of the 8, purified from this cell line was 

shown to be indistinguishable from that of bovine 8m. Further, 

Bı was present when the cells were grown in medium containir 

fetal calf serum (FCS), but absent from cells grown with human 

serum (HuS). We show here that addition of human and bovine 

B-m to MOLT-4 and NH17 cells grown in serum-free medium 

produces a significant elevation of HTA 1 antigen expression, 

providing evidence for a regulatory or stabilizix function for 
the exchange of extracellular 8,m with a cell-surface antigen. 
HTA 1 was purified from detergent lysates of bulk prepar- 
ations of NH17 cells by affinity chromatography with NA1/34 

; (ref. 6). The three HTA 1 components were sequentially eluted 
rom the NA1/34 affinity column at 40 °C with a pH gradient 
“in the order B.m (pH 8.5-9.5), B, (pH 9.5~10.7) and a (pH 
10.5-11.6) (Fig. la), and fractions containing pure 6m and £, 
were taken for N-terminal amino acid sequence determination. 

The N-terminal sequence of 8, was indistinguishable from that 
of bovine 8m while differing from that of human B-m at 












positions 4, 15, 17, 20 and 22 (Fig. 2). The other light-chain- 


-o o: * Present address: Instituto de investigaciones Bioquimicas, Fundacion Campomar, Antonio 


: Machado 151 1405 Buenos Aires, Argentina. 






LETTERS TO NATURE 


_fadioiodinated cell-surface preparations since £, is iodinated to 





PB 
“™ emi 





b Bom c 


Fig. 1 Analysis of HTA 1 components by SDS-PAGE in nome we 
reducing conditions. a, Coomassie blue-stained gel showingHTA 1. : 
purified from NP-40 lysates of NH17 cell membranes by 
immunoadsorption on NA1/34 Sepharose as previously described® 
except that the column was washed at 4°C with 10 bed-volumes 
of 50 mM Tris, pH.8.0, 0.5 M NaCl, 5 mM EDTA, 0.5% NP-40, 
and five bed-volumes of 10 mM Tris, pH 7.4, and eluted (lane 1) 
at 4°C with 50 mM diethylamine, or (lanes 2~4) at 40°C with 
50mM_ diethylamine, adjusted with redistilled 1 M N-ethyl- 
morpholine acetate to give a pH gradient at room temperature = 
from pH 7.5 to 11.6. The elution profile is shown at pH 8.0 (lane ee 
2), PH 10.2 (lane 3) and pH 11.6 (lane 4). A parallel gelin o o 
reducing conditions, under which the a chain is more clearly seen, 
confirmed the presence of the a chain in lanes 1 and 4 and its = 
absence in lanes 2 and 3. Band ‘L’ has been identified by N-terminal 
sequence as immunoglobulin light chain which leaches from the- 
affinity column in the hot alkaline conditons. b, Surface sa Oa 
labelled HTA 1 purified with NA1/34 was prepared as described!? 
from NH17 cells grown continuously in the presence of S% fetal - 
calf serum (lane 1), or (lane 2) 5% normal AB Rh* human serum: 
(lane 2). c, Coomassie blue ~ stained gel showing 8,/ Bam marker 
(lane 1), and bovine 82m purified from fetal calf serum (lane 2). 
Fetal calf serum (750 ml) was passed over a 5 ml column of BBM. 1 
Sepharose, the column washed as described above, and the bound 
material eluted with 50 mM diethylamine and immediately neutral- 
ized with redistilled N-ethylmorpholine acetate. (The monoclonal 
antibody BBM.1’ was the gift of W. F. Bodmer.) SDS-PAGE was 
performed on 9-16% linear acrylamide gradients as described 
previously®, 


component of HTA 1 was confirmed to be human Bm by 
comparison with the published sequence (Fig. 2). 

The serum origin of 8, was confirmed by immunoprecipitation 
of surface-radioiodinated membrane proteins from NH17 cells 
grown in medium supplemented with either bovine or human 
serum. 8, is present as a strongly iodinated band in NA1/34 
precipitates from cells grown in medium containing FCS butis 
absent from cells grown in medium containing only HuS (Fig 
16). The HTA 1 from cells exposed only to HuS contains a 
single light chain which comigrates with human 82m. Further 
more, when bovine Bm was purified from FCS with the an 
human 8m monoclonal antibody, BBM.1 (ref. 7) the maje 
band in the eluate co-migrated on non-reducing SDS—polyacry-_ 
lamide gel electrophoresis (PAGE) with £, (Fig. 1c). Y 

The binding of exogenous B.m to HTA 1 may represent. 
exchange for endogenous Bm in a manner analogous to: th 
observed exchange of the 8,m component of human HLA and 
mouse H-2 with homologous and heterologous B,m (refs 8, 9) 
However, we cannot exclude the possibility that the HT; 
@ chain can associate with more than one 82m molecule, or tha 
a proportion of HTA 1 a chain exists on the cell surface una 
sociated with 82m but still able to bind it. The molar relationship 
of the components of the HTA 1 complex is misrepresented ir 
















a specific activity some 100-fold higher than that of Bam (re 
6). The true stoichiometry of the HTA 1 molecule is also difficult } 
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of HTA-1 and HLA-A, B, C. 


Monoclonal antibody 
NA1/34 (HTA1}) W6/32 (HLA-A,B,C) 





| Cells 
a Gari NH17 MOLT-4 NHI17  MOLT-4 
| Additives to 
» medium (20 h) Peak fluorescence 
-None i 488 95 100 
© 5% FCS 648 94 107 
Bovine bm _ 904 101 105 
(10 pg mi) 
5% human serum 512 82 93 100 
Human 62m _ 808 139 97 97 


(10 wg mI™) 


E iima 
Cells (MOLT-4 and the high HTA 1 expressor clone NH17B.5.5) 
were grown in serum-free Iscove’s medium (Flow Labs), supplemented 
with 3.75 g1”? NaHCO , 0.11 g I”! Na pyruvate, 0.584 g 1! glutamine 
„and $ mg ml! insulin, for at least 1 week before the experiment. In 
“these conditions, providing the cell density was kept at about 5X 10° 
‘cells ml or more, growth was not visibly impaired. After incubation 
for 20/h in the presence of the additives the binding of the monoclonal 
-antibodies was measured with a FACS II cytofluorimeter using FITC- 
sheep anti-mouse Ig as second antibody as described previously’ ?, except 
that fetal calf serum was omitted. (Bovine 8,m was from A. Sanderson 
and human pam from Sigma.) The numbers represent the peak position 
of the fluorescent profile relative to MOLT-4 and arbitrarily taken for 

$ ‘each monoclonal antibody as 100. 


to determine in unlabelled bulk preparations purified on 
NA1/34 immunadsorbents. The a-chain binds tightly to the 
antibody and elution may not be quantitative. Furthermore, the 
light chain components are weakly associated with the heavy 
chain at room temperature and 37°C? and may therefore be 
underestimated. In fact, human Bm is more easily dissociated 
from HTA 1 than the bovine molecule (Fig. 1a) (see also ref. 
40), and also may be completely removed from the complex, 
< without removing e by prior immunoabsorption with BBM. 1 
at 4°C (data not shown). This weak interaction contrasts with 
-interactions between other polypeptide chains which tend to be 
= strong even in the absence of interchain disulphide bonds. Apart 
from Bm there is little biological precedent for exchange reac- 
tions involving the subunits of multimeric proteins in physiologi- 

cal conditions. 

The lability of the isolated HTA 1 complex, the capacity of 
cellular HTA 1 to bind to exogenous 62m and the proposed 
conformational stability conferred on class I heavy chains by 
Bom (ref. 11), suggested that extracellular Bm may modulate 
the stability or expression of HTA 1 at the cell surface. To test 
this, MOLT-4 and NH17 cells were first adapted to growth in 
serum-free medium. HTA 1 expression in these cells could be 
increased 1.5-2-fold by incubation with 10 pg ml~ human or 

= bovine B2m (Table 1) for 20h. Somewhat lower effects were 
“seen after addition to the growth medium of 5% FCS, while 
‘HuS had no significant effect. This may reflect the difference 
m concentration between normal human serum (1-2 pg 
and fetal serum, which may be some fivefold higher’. In 
nce of added 82m the level of HTA 1 decreases 
ily at low cell density, probably reflecting the exogenous 
ation of g-m secreted by the cells (data not shown). 
se additions had no effect on the expression of HLA 
ble 1). B.m secretion by the cells themselves, although 
adequate for the full expression of HTA 1, may be sufficient 
5 sustain the @.m-HLA exchange reaction in the direction 
which favours the complex. We have previously reported the 
presence of small amounts of 6, in HLA and the correlation of 
‘this with HTA 1 expression®. We now believe that the high 
‘amount of HTA 1 on NH cells acts to concentrate exogenous 
Bam at the cell surface, possibly favouring exchange to neigh- 
‘bouring membrane molecules: > | _ Eas 
-Since HTA 1 expression on cultured cells may be modified 


-by varying the 84m concentration in the medium, it is feasible 






















‘Table 1 Effect of additives to serum-free medium on the expression 





TE ie 15 20 


HTA-L 8, -QRP PR/ELOQOVYSRHPPE D CR/FPN Y LN 


Bovine ĝm TQRPP K IQVYSRHPPE D G K PB Y LN 


HTA~1 8,m 


F -QRTPK/FIQVYSRHPAE N GK/PSNRE/PLN 





Human 8m" IQRTP K IQVYSRHPAE N G K SN F LN 
Fig. 2 N-terminal amino acid sequences of B-m and f, purified 
from NH17 and related proteins. Approximately 0.6 nmol of the 
light-chain components of HTA 1 were purified as described in 
Fig. 1 and the N-terminal sequence determined by automated solid 
phase microsequencing on an instrument designed and built in the : 
laboratory'?*, This method does not identify the initial N= 
terminal amino acid. Lysine (K) and phenylalanine (F) residues 
co-chromatographed in these analyses. Bovine Bam was purified 
as described elsewhere!’ (gift of A. Sanderson) and was N- 
terminally sequenced both by the microsequencing technique 
described above and separately in a modified spinning cup sequen- 
cer)’. This sequence differs from the published sequence!’ which 
gives asparagine (N) at position 17. 


that the phenotype of differentiating T cells is influenced 
similarly in the thymic microenvironment by levels of exogenous 
Bm. Thus, 82m, which is present in all body fluids and is elevated 
in the serum in various disease states!*, may thereby influence 
intercellular recognition events during T-cell ontogeny. 

We thank John Walker for assistance with N-terminal micro- , 
sequencing, David Gilmore for flow cytometry and John Jarvis... - 
and Richard Pannell for technical assistance. R.K. is supported. g- 
by a Florey Fellowship of the Royal Society of London and a — 
Buck Memorial Studentship from St John’s College, Cambridge. 
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Bı-Microglobulin (f,-m) is a highly conserved 
(12,000 molecular weight; 12K) noncovalentl 
the heavy chain (45-48K) of the major histocomps 











plex (MHC) class I antigens. Its synth esis is required 
expression of the HLA-A/B and H-2} ; heavy cha 








cell surface’; B2-m is also associated with the huma cell-surta 
antigens T6 and M241 isolated from thymocytes 


on the T leukaemic cell line MOLT-4 some of the | 6 anti 






























< contain a different 12K subunit, 
human £,-m can exchange partially both with human 8,-m 
associated with HLA-antigens’, and with mouse B,-m associ- 
ated with murine alloantigens!”™', As MOLT-4 cells were 
grown in the presence of fetal calf serum (FCS) and as serum 
is known to contain some free 82-m’, we examined whether 
Pı was bovine B-m which had replaced endogenous B-m on 
the surface of the cell. Here we show both that B.-m from FCS 
or human serum (HuS) used in cell culture can exchange with 
B2-m on the cell surface, and that B, is in fact bovine B,-m. 
MOLT-4 cells cultured in RPMI 1640 medium supplemented 
with either 10% FCS or 0.2 wg mt? bovine B-m could bind a 
rabbit anti-bovine 8,-m serum (KF59) as judged by indirect 
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Fig. 1 Analysis of T6 and HLA-A/B antigens by SDS-PAGE 
and isoelectric focusing, a, Analysis on SDS-PAGE using the 
Tris/Bicine system with 3M urea’. Lanes 1-6 represent 
autoradiograms’, lanes 7-9 are from another part of the same gel 
stained with Coomassie brilliant blue. Immunoprecipitates were 
made from MOLT-4 cells cultured in the presence of FCS (lanes 
2,3, 5) or HuS (lanes 1, 4, 6). Lanes 1, 2, rabbit anti-bovine B>-m 
(CKFS9); lanes 3, 4, anti-T6 (IIC7); lanes 5, 6, anti- HLA-A/B 
(W6/32); lane 7, human B.-m; lane 8, human B-m and bovine 
| Bym; lane 9, bovine B,-m. b, Analysis by isoelectric focusing? of 
~*T-labelled T6 antigens from MOLT-4 cells cultured in the pres- 
` ence of FCS (lane 1) or Hus (lane 2). Lanes 1 and 2 represent an 
~~~ autoradiogram and lane 3 (human 8,-m) and lane 4 (bovine B-m) 
-are from the other half of the same isoelectric focusing gel stained 

~ with Coomassie brilliant blue. 
` Methods: MOLT-4 cells were cultured in RPMI 1640 medium 
(Gibco) supplemented with either 10% FCS or HuS. After surface 
- radioiodination cells were lysed in a buffer containing 1% Nonidet- 


P40 and debris was removed by centrifugation at 12,000g for 
“> 15 min®. Immunoprecipitations were carried out with a rabbit 


_monocional antibodies specific for human B-m (A88)*, the T6 
ntigen (1IC7)* or at HLA-A/B antigens (W6/32)'? as described 
ey o Cejka and 
L. Groves (Food 


termed £, (refs 3, 7, 8). Purified 


























immunofluorescence, whereas cells cultured in h 
could not (data not shown). To analyse this in m 
MOLT-4 cells were radiolabelled with Na’ 
immunoprecipitates made with KF59 were subjected to 
polyacrylamide gel electrophoresis (PAGE). As shown 
la (lanes 1, 2), bovine B2-m could be isolated only fro! 
cultured in FCS (but not HuS). Bovine B2-M was asse 
mainly with a 49K protein (lane 2), which was identified 
The T6 antigen isolated from MOLT-4 cells, which ha 
cultured in the presence of FCS, contained a 12K sut 

comigrated with bovine B.-m (Fig. la, lanes 3,8,9 
PAGE. In contrast, the T6 heavy chain isolated from 
cells which had been cultured in a medium cont 
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Fig. 2 Detection of bovine and human B-m at the surface of 

murine L cells by indirect immunofluorescence. a, Detection of: 
human B-m. (1) L cells cultured in HuS and stained with normal 
mouse serum. (2) L cells cultured in FCS and stained with anti 
human B2-m (A88). (3) L cells cultured in HuS and stained with. 
A88. b, Detection of bovine B,-m. (1) L cells cultured in FCS and 
stained with normal rabbit serum. (2) L cells cultured in HuS and 
stained with rabbit anti-bovine 6,-m (KF59). (3) L cells cultured 
in FCS and stained with KF59. L cells were cultured in Dulbecco's. 
modified essential medium (DMEM, Gibco) supplemented with 
10% FCS or 10% HuS. L cells were detached from the Petri dishes” 


The cells were washed twice with PBS and incubated with fluor- 
escein isothiocyanate-coupled goat anti-rabbit-IgG (Kirkegaard & 
Perry) or with fluorescein isothiocyanate coupled goat anti-mouse 
Fab (Coulter) for 30 min on ice. After two washes with PBS 
fluorescence was analysed on a Epics V cytofluorograph using 
logarithm display. e, Kinetic study of the binding of human p, 
or bovine B-m from serum to mouse L cells. L cells (1 
previously cultured in FCS were incubated with 10% Hi 
different time periods at 37°C in a humidified atmosphere w 
5% CO . Conversely, L cells previously cultured in HuS wer 
incubated with FCS, Trypsin detached cells were then prepare 
for indirect immunofluorescence with a monoclonal antibody A8 
specific for human £,-m (open circles) or rabbit anti-bovine B3-m. 
(KF59) (closed circles). Fluorescence intensity was analysed on an. 
Epics V using a linear scale. The fluorescence intensities are 
expressed as percentages of the fluorescence intensity obtained 
with cells cultured in HuS or FCS for at least 2 weeks. d, Binding 
of purified B2-m to L cells. L cells (10 10°) were incubated with 
either purified human or bovine 82-m after they had been cultured. 
with FCS or HuS, respectively, in RPMI 1640 medium supple- 
mented with 5 wg mI™' insulin, 35 pg mI? transferrin (Sigma) and 
varying concentrations of purified 27m, at 37 °C. After 2 h, exces 
Bam was removed b shi RBS 
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Fig. 3. Autoradiogram of SDS-PAGE analysis of H~2K/D anti- 
gens after exchange with human B,-m. L cells (20 x 10°) which 
“had been cultured in the presence of FCS were detached with 
“trypsin and cell-surface radioiodinated as described elsewhere’®. 
These cells were then incubated in DMEM containing 10% of 
either HuS (lanes 1, 2) or FCS (lanes 3, 4) for 2h at 37°C ina 
5% CO, atmosphere and before lysis. The lysates were 
immunoprecipitated with the monoclonal antibody M1/42.3 direc- 
ted against all H-2K/D antigens!’ (gift from Dr T. Springer) (lanes 
1 and 4) and with the monoclonal antibody A88 specific for human 
B--m (lanes 2,3). SDS-PAGE was carried out on discontinuous 
vertical slab gels (10-15% acrylamide gradient) according to a 
modification of Laemli procedure’®. 


~ contained a band in the position of human 82-m which showed 
-up after a longer exposure (Fig. 1a, lane 4). The HLA-A/B 
antigens isolated from MOLT-4 cells cultured in the presence 
“of FCS contained bands which co-migrated with both human 
and bovine B2-m (Fig. 1a, lanes 5,6). Further proof that T6 
associated with bovine B2-m was provided by isoelectric focusing 
analysis (Fig. 1b). Cells grown in a medium with FCS expressed 
a T6 antigen which contained a band (pI 7.0), co-migrating with 
-bovine B>-m (Fig. 1b, lane 1). When MOLT-4 cells were cul- 
-tured in the presence of HuS, this band was absent (Fig. 1b, 





lane 2). Interestingly, bovine B,-m was never found in associ- 


ation with the M241 antigen, which has structural homology 
with T6° (data not shown). Taken together these results demon- 
strate that the so-called A, (refs 7, 8) is in fact bovine B2~m and 
that bovine B-m can associate selectively with some human 
MHC class I antigen heavy chains. 
_ Fora more detailed study of possible exchange between serum 
and native B2-m, murine L cells were used. As shown in Fig. 
2a, b, human and bovine g-m could be detected by indirect 
mmunofluorescence at the cell surface of L cells cultured for 
h in the presence of either HuS of FCS. Reactivity of L cells 
“ultured in HuS with the antiserum KF59 is probably due to 
some cross-reactivity among B2-m (Fig. 2b). Samples taken at 
different times revealed that the binding of bovine or human 
B-m from serum could be detected after 30 min and reached 
a plateau at 5h (Fig. 2c). Binding of purified bovine or human 
35-m occurred at low concentrations of B-m in the medium 
0.01 pg mi) and a plateau was reached at 0.5 pg ml”! (Fig. 
c). This value is close to the concentration of B2-m in the 
culture medium (10% serum), if a serum concentration of 
2 wg ml~* (ref. 12) is assumed. 
show that an exchange occurred rather than just binding 
rum Bam to MHC class I antigens, the following experi- 








ied out. First, L cells were cultured in the 





heavy chain whi 5 


Fig. 4 Analysis by isoelectric focusing of several class I MHC 
antigens from L cells. L cells or L cells expressing HLA-B7'° 
(CM7.13) were cultured in DMEM supplemented with 10% FCS 
or HuS. JY cells were cultured in RPMI 1640 medium with FCS. 
After cell surface radioiodination cells were lysed in Nonidet-P40 
and lysates were used for immunoprecipitations'®. Immunoprecipi- 
tates were made with monoclonal anti-H-2K/D (M1/42.3), mono- 
clonal anti-human -m (A88), rabbit anti-bovine Bj-m (KF59) 
or with a monoclonal anti- HLA-B antigens (4E) (a gift from Dr 
Bo Dupont). An autoradiogram of the isoelectric focusing gel was 
prepared as described elsewhere'®. The position of human (h), 
bovine (b) and mouse (m) B-m Is indicated by arrows. 





Serum in 

Lane Cell culture Antibody 
Ot em neetenetntnenti 

i L cells FCS M1/42.3 

2 L cells FCS KF59 

3 L cells HuS A88 

4 L cells HuS M1/42.3 

5 CM7.13 HuS 4E 

6 CM7.13 FCS 4E 

7 FY FCS 4E 


presence of FCS, radioiodinated and then incubated for 2 h in 
the presence of Hus. Immunoprecipitations demonstrated that 
the }25J-B,-m associated with H-2K/D antigens was replaced 
by unlabelled human 8 -m. The monoclonal antibody A88 
which is specific for human B2-m could precipitate the H 
2K*/D* heavy chains, but no band was found in the position € 
B-m (Fig. 3, lane 2). Second, analysis by isoelectric focusing 
showed that immunoprecipitates made with KF59 (anti-bovine 
B>-m) or A88 (anti-human B-m) contained only the corres- 
ponding exogenous B2-m, but not murine B.-m (Fig. 4, lanes 
2,3). These results demonstrate that B2-m bound to class I 
antigens is indeed replaced on the cell surface by exogenous 
B-m. 

The H-2K*/D* antigens immunoprecipitated with a mono- 
clonal antibody (M1/42.3) directed at all H2-K/D antigens?’ 
contained only murine f-m (Fig. 4, lanes 1, 4). Since the 
H2-K*/D* antigens could also be precipitated with antibodies 
against bovine and human Bom, (Fig. 4, lanes 2, 3) this result 
indicated that the H-2K*/D* antigens were not recognized by 
the M1/42.3 antibody when associated with exogenous Bym. 
This conclusion is supported by the finding that immunoprecipi 
tates made with M1/42.3 from L cells after exchange with 
125]_Jabelled human 8>-m did not contain any radioactivity (data 
not shown). l 

Earlier, we and others had shown that the gene coding for =- 
the human HLA-B7 heavy chain could be expressed in Lo 
cells'©!°. When L cells (clone CM7.13) expressing HLA-B7 
(ref. 16) were cultured in the presence of Hus, the HLA- 
antigen was completely associated with human £2-m 
lane 5). Culturing in the presence of FCS resulte 































in the presence of FCS co 


with HLA-B7 heavy chains. Indirect 
dies indicated that in general the extent 
e Fig. 2) was greater than on several 


’B-ALL and thymocytes) (data not 









ate the exchange reactions in more 


detail, w ‘adioactivity in endogenous and 













exogenou: ion by electrophoresis. On MOLT- 
4 cells, e ctivity were found in both human 





ith HLA-A/B antigens. Since the 
led Bj-m’s may vary drastically’, 
mate. A more accurate estimate of the 
| exi Was made on L cells. Antibody M1/42.3 
-was used to measure the amount of radioactivity in the H- 
2K*/D* antigens associated with murine 85-m. Conversely, the 
_ antibodies directed at human or bovine B-m were used to 
measure the amount of '?°I in the H-2K*/D* antigens bound 
to exogenous B.-m. We determined approximately 80% 
exchange on L cells. 
This B2-m exchange phenomenon may have many implica- 
tions for in vitro studies of the MHC class I antigens. For 
instance, B.-m replacement may be the cause of the so-called 







TW ‘serum dependent cytotoxicity’”’"**, It may also complicate the 


interpretation of MHC class I gene transfer experiments, when 
the level of murine 8,-m expression is used for detection of 
gene products”? Conversely, the B,-m exchange could be used 
advantageously in other experiments. For instance, culturing of 
L cells in human serum after transfer of human MHC class I 
genes may increase the possibility of precise serological identifi- 
cation or recognition by cytotoxic T lymphocytes'°. The pres- 
ence of B3-m in serum and the B2-m exchange phenomenon 
may also be of importance for the regulation of the expression 
of some MHC class I genes in vivo. 
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The existence of endothelium-derived vascular relaxant 
(EDRF) was postulated by Furchgott and coll aguE 
they observed that acetylcholine paradoxically relaxe 
stricted aortic strip preparations by an endothelium 
mechanism. This phenomenon has since been demo nstrate: 
different blood vessels and mammalian species and i 
elicited by several other agents’. 
be a humoral agent, a li 

free radical’. In the study reported here, 

































































cessor-controlled pump. Endothelium was removed from aortic 
strips by gentle abrasion with filter paper, from perfused aortae 
by reaming, and from perfused coronary arteries by 5-min 
perfusion with high K* buffer (40 mM)’. It was confirmed as 
being present or absent histologically by en face silver stainin 
in the appropriate experimental conditions. All reagents were 
of analytical grade. ae 
Aortic strips, preconstricted with 10°5M S-hydroxytrypt- 
amine (5-HT) were relaxed by acetylcholine (ACh) (Fig. 1a; b 
or by the ionophore A23187 (Fig. 1c), in the presence of inta 
endothelium but not in its absence. This relaxation could b 
inhibited in a concentration-dependent manner by potassi 
borohydride (KBH,), dithiothreitol, phenylhydrazine 
phenidone (Fig. 1) and by certain other agents (see Table: 
these agents did not affect aortic preparations denuded 
endothelium at the concentrations used (except where indica 
in Table 1). | . ae 











preconstricted (to demonstrate dilator influences), and use 
bioassay EDRF released from aortae. Stable coronary cons 
tion was achieved by infusing into the intervening tubing 
plus ACh to final concentrations of 1075 M and 107° M; re 
tively (either agent alone resulted sometimes in unsust 
constriction). Effluent from unstimulated perfused aor 




























Interaction 
















E No ; speciñe -Phospholipase 








with carbonyl radical A> #Lipoxygenase, 
Agent ICso groups™ +! *Antioxidant'*"5 — scavengers!'4?° — inhibition?*-5 inhibition '*~ ee 
P ylhydrazine 5x10°°M + 
4 3x10°7°M + + 
thiothreitol 2x10 *M + + + 
8x107 M + + + 
4x10°M + + 
1075 M + 4 F 
rdihydroguaiaretic acid 10°°M + + + 
9x10°°M + 











M nordihydroguaiaretic acid and > 107 
< BH, specific to carbonyl groups in these conditions'® 








ich did not inhibit EDRF. 
; ADP or A23187 (n> 6 in each case). 


simulate aortic EDRF, the effluent had a greater dilator effect 
62+5%, n = 22, P< 0.001; Student’s t-test) (Fig. 2a, left-hand 
trace). l 

The half life of EDRF was calculated as 6.3£+0.6s (Fig. 2) 
from cascade experiments in which the transit time between 
ortic and coronary preparations was altered by changing the 
ngth of the intervening tubing. 

Both basal and stimulated EDRF release were seen only when 


rtie endothelium was intact, they could be maintained for up 
60 min, were unaffected by preincubation and continuing 
rfusion of aortae with flurbiprofen (107° M), and could be 


hibited by adding KBH,, dithiothreitol, phenylhydrazine, 








ACh (107m) ACh (1078) ACh (107m) 


| | | 


1 t t 


KBH t Dithiothreitol Phenyinydrazine 
b (1073 Mm) {5x1074M) t 
- {3.3110 M} SHT i st 
(1075) (1075 m) (1075M) 
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i minheiona used these agents had no effect on vasomotor tone in denuded reparani, except slight constriction with >7Xx 10-4 M 1KBH, a 

tion with >8x 1074M phenylhydrazine, >5x107* M dithiothreitol or cysteine, >8 x 1074M hydroquinone, >5X107* M phenidone, >2x 

M quinacrine, which therefore does not affect interpretation of the results. 

; . This property is theoretically possessed also by quercetin 38-D-rutinoside (1074 M), 
; ee (1077 M), 1,5 -dihydroxynaphthalene (1074 M) and eo a radical scavengers—which did not inhibit 


Sey did not inhibit. EDRF. More cpecife O, OH. 0; and "HAO, scavengers : are: 

lalanine’? (107° M), histidine’? *° (107? M), methionine??? ( 1073 M), dimethyl sulphoxide” (10°* M), sodium benzoate?* (1077 M), man- 
(10 M), superoxide dismutase”? (100 U ml’), catalase? (400 U mi~!); these also did not inhibit EDRF. 

d also by dexamethasone?®?’ (107° M) and p-bromophenacyl bromide 242578 (1075 M) which did not inhibit EDRF. 

ssessed also by quercetin 38-D-rutinoside?! (107+ M), 2',3',4’,5,7-pentahydroxyflavone*! (1074 M) and 1,5-dihydroxynaphthalene*! (107+ M), 


Quinacrine was ineffective against A23187-stimulated EDRF, whereas the other seven effective agents inhibited EDRF stimulated by ACh, : 




































Aédiezabieyelo(2 La octane"? “io MM), 





phenidone or nordihydroguaiaretic acid to the proximal end of 
the intervening tubing (Fig. 3). Infusion of these five agents 
distally was much less effective: the concentration for half 
maximal inhibition (ICs) of stimulated EDRF measured from 
dose responses to the first four agents (n = 8 in each case) was 
15-50 times greater than with proximal infusion. No such 
measurement was made for nordihydroguaiaretic acid because 
it caused an endothelium-independent slow decline in pressure, 
though its inhibition of EDRF-mediated dilatation was evident 
before this occurred, By contrast, directly acting constrictor or 
dilator agents (histamine, 5-HT and glyceryl trinitrate) gave 
identical dose-responses whether infused proximally or distally. 


ACh (1076 m) 


Fig.1 a, Examples of endothelium-dependent 
{ relaxation in aortic strips (constricted by 
107% M 5-HT), using 10°° M ACh to stimula 
EDRF and 3.3x10°°M KBH, 107M 
dithiothreitol, 5x 1074M phenylhydrazine. or 
10°*M_ phenidone to inhibit it. b,c Dose- 0 < 
response curves for inhibition of EDRF, 2 
expressed as x/y (%) (n>8 for each dose > 
response). Preconstriction was induced by > 
j 1077 M 5-HT in all cases, and the concentration 

of EDRF stimulant (10°°M ACh in b or 
10°’ M A23187 in (c) was kept constant while 
that of the EDRF inhibitors was varied. The | 
four EDRF inhibitors used are KBH, (@), 
dithiothreitol (W), phenylhydrazine (A) and ~ 
phenidone (@). It must be noted that: (1) The = 
EDRF inhibitors illustrated had no direct effect. 
at these concentrations on aortic strips denuded: 
of endothelium, except for >7 x 1077 M KBH, 
which sometimes caused eae pers i 
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Proximal infusion allowed 4s interaction with EDRF whereas 

distal infusion allowed 0.55 interaction, the coronary prepar- 

*ation being exposed to the same concentration of EDRF 

Inhibitor in each case. These EDRF inhibitors seem, therefore, 
to be acting by chemical interaction with EDRF in transit, and 
not on its production or site of action. Their properties thus 
offer insight into the chemical nature of EDRF. 

Table 1 presents the chemical reactions**! characteristic of 
each of the agents tested for EDRF inhibition in aortic strips. 
EDRF inhibition was demonstrable equally against ACh, ATP 
or A23187-induced relaxation for all the effective agents listed, 
except for quinacrine, which we confirmed as being ineffective 
against A23187 (refs 1,32). Reversible EDRF inhibition with 
the first seven of these agents was confirmed also in cascade 
experiments, in which quinacrine again was ineffective, suggest- 
ing that quinacrine acts directly on endothelium: Inactivation 
of EDRF by phenylhydrazine and KBH, indicates that EDRF 
contains a carbonyl group at or near its active site; the general 
antioxidant properties common to the other five effective inhibi- 
tory agents are consistent with this conclusion. Lipoxygenase 
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inhibitors were not effective unless they also. possessed an 
dant properties. Spin trap reagents and specific oxygen-cen 
radical scavengers were also ineffective, and a half life oi 
would, moreover, be long for a biological free radical. 
At the concentrations used here, the classes of compoun 
which inactivate EDRF within 4s in neutral aqueous buffer a 
37°C suggest that EDRF is probably an aldehyde, ketone o 
lactone. Some lactones which react in such a way are known 
also to be unstable**. Other carbonyl-containing compound 
would be expected to react slowly or not at all in these circum. 
stances. T AR 
We thank Dr P. Shannon for advice on chemical aspects of 
this study. The British Heart Foundation provided financial 
assistance. T.M.G. was a British Heart Foundation Junioi 
Research Fellow. o 
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prolonged bleeding time and frequent haemorrhagic epi- 
atients with severe von Willebrand’s disease (vWD) 
the importance of von Willebrand factor (vWF) in 
let adhesive functions. In in vitro systems, vWF is directly 
involved in platelet adhesion at high shear rates, and. this 

articipation may be mediated by platelet receptors for vWF”. 
Two apparently distinct mechanisms have now been identified 
for enhancing '**I-vWF interaction with stimulated platelets: 



































one is induced by ristocetin** and apparently mediated by 
platelet. membrane glycoprotein Ib (GPIb)**; a second 
mechanism has been identified more recently and is induced 
by the physiological stimuli ADP? and thrombin'®*. The 
failure of thrombin to support ’**I-vWF binding to thrombast- 
enic platelets'’, which contain GPIb but lack GPIlb/Illa, sug- 


ests that the mechanism of this interaction may be distinct 
from ristocetin-induced binding. As ADP and thrombin are 
released at sites of platelet accumulation, it is possible that 





these agonists regulate the vWF-platelet interactions in vivo. 
To test this hypothesis, we have examined ADP- and thrombin- 
supported '2°I-vWF binding to platelets in the plasma of severe 
vWD patients, and report here that it is inhibited by fibrinogen. 
Thus, in addition to its role in coagulation and platelet aggrega- 
_tion, fibrinogen influences the binding of VWF to thrombin- and 
_ADP-stimulated platelets. 

Binding of '*°I-vWF to thrombin- or ADP-stimulated washed 
platelets was time-dependent and reached a steady state within 
30 min at 22 °C (Fig. 1). Consistent with other reports, binding 
_was dependent on stimulus concentration and was maximum at 
5M ADP or 0.05 U ml”! thrombin. Binding of vWF to 
unstimulated: platelets was neither displaced by a large excess 
of unlabelled vWF nor inhibited by prostaglandin E, (PGE, at 
1 uM, creatine phosphate/creatine phosphokinase (CP/CPK) 
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Fig. 1 Time course of 125,.yWE binding to thrombin(©) or 
ADP(@)-stimulated platelets. X, Binding to non-stimulated (NS) 
platelets. vWF purified from fresh human plasma’> was radio- 
labelled with "2I by the IodoGen method’’. Contaminating 
fibrinogen did not exceed 0.01% as determined by radioim- 
munoassay. Platelets at 1X10°mI~’ in Tyrode-2% albumin 
buffer!’ were stimulated with ADP or thrombin without stirring 
at 22°C in the presence of '°I-vWF (5 pg mi~'}. At selected 
times, 50-p] aliquots of the platelet suspension were layered onto 
350 pl of 25% sucrose and centrifuged for 3 min at 11,750 r.p.m. 
in a Beckman microfuge to separate platelet-bound ligand from 
unbound material. Radioactivity in the tip of the tubes was counted. 
When thrombin was used as the stimulus, the enzyme was inhibited 
2 min after platelet stimulation and immediately before addition 
of 125]-vWF by a 500-fold excess of hirudin. The results represent 
five different experiments on platelets from separate donors. 


at 25.5 and 0.5 mg ml”, respectively, or EDTA at 1 mM. It 
was thus nonspecific and subtracted in subsequent experiments. 
Specific binding was divalent ion-dependent, displaced by excess 
unlabelled vWF and inhibited by PGE, and CP/CPK as reported 
previously’. Autoradiography of platelet-associated '*°1 on 
SDS-agarose gels’? revealed that the platelet-bound vWF had 
the same multimeric structure as the added '**Il-vWF. 

To study the interaction of '?*I-vWF with platelets in physio- 
logical conditions, binding was measured in the platelet-rich 
plasma from two patients with severe vWD. With both ADP 
and thrombin, '2°I-vWF interacted normally with vWD washed 
platelets (Fig. 2). In contrast, binding in plasma was reduced 
by 80% with ADP and by 82% with thrombin (Fig. 2). Identical 


thrombin (b, d) stimulated vWD platelets mo 
buffer or in plasma. Blood was collected from 
a patient with severe vWD and 125] WWF 
binding to washed platelets (@) or platelet- 
rich plasma (PRP, ©) of the patient was 
measured as a function of time (a, b) or vWF 
concentration (c, d). This patient had <4 x 
1075 Umi"! of VWF antigen in plasma and 
platelets and normal plasma and platelet 
fibrinogen levels. In both cases the platelet 
concentration was 110° ml', and the 
citrated platelet-poor plasma (PPP) of the 
same patient was used to adjust the PRP. 
concentration to this level. '°°l-vWF wa 
-presentat 5 pg ml". In the experimentshown = 
; with thrombin as the stimulus, Gly-Pro-Arge 


| 
| Fig. 2 125). VWF binding to ADP (a, c} or 
| 
i 








Pro was included at 1 mM concentration to. - 
| prevent clot formation in the plasma’*; the 
| tetrapeptide did not affect 1251 _VWE bindi 

i to ADP-or thrombin-stimulated washed 
platelets. . cox 
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Fig. 3 Inhibition by fibrinogen (Fg) or fragment D100 of +351- 
VWF binding to thrombin(a) or ADP(b)-stimulated platelets. 
Washed platelets (1x 10* mi~!) were stimulated with 0.1 U mi~? 
thrombin or 10 ym ADP in the presence of 5 pg mi~? !25]-vWF 
and varying concentrations of competitor. Binding was determined 
after incubation for 50 min at 22 °C. The results are calculated as 
per cent of '*°I-vWF bound to the platelets in the absence of 
competitor, 





results were observed for both patients. The failure of !2°|-vWE 
to bind in plasma was independent of the anticoagulant used 
since similar results were obtained in heparinized plasma (not 
shown). In addition, this decreased binding was not reversed by 
addition of 0.5 mM CaCl, to citrated plasma and concentrations 
of citrate similar to those of anticoagulated plasma did not 
inhibit the binding of vWF to washed platelets in buffer systems, 
thus excluding an indirect effect of citrate on binding. Cor- 
roborating this conclusion is the observation that }2°I-vWF 
binding to platelets in citrated plasma from afibrinogenaemic 
patients is normal!>, 

Based on the ability of thrombin and ADP to support both 
vWF and fibrinogen binding to platelets, we considered the 
possibility that inhibition of VWF binding in plasma was due to 
. fibrinogen. Indeed, binding of }*°]-vWF to ADP- or thrombin- 
stimulated platelets was markedly inhibited by 10% M 
fibrinogen and plasmic fragment D100 (molecular weight (MW) 
100,000) (Table 1). In contrast, fragments D80 (MW 80,000) 
and E50 (MW 50,000) had no effect. Inhibition by fibrinogen 
or fragment D100 was not observed with ristocetin-induced 
VWF binding and was dose-dependent for ADP and thrombin 
(Fig. 3). At physiological concentrations of fibrinogen (0.5~1 x 
10° M), '?°I-vWF binding was inhibited >80% with both 
stimuli. These results are in contrast to those of Fujimoto et 


al.'° and demonstrate that fibrinogen prevents the interaction 


of vWF with thrombin- and ADP-stimulated platelets in buffer 


and in plasma. It is suggested that vWF binding to platelets is 
not involved in platelet aggregation in physiological conditions. 
ener 


Table 1 Effect of purified'+ fibrinogen and its plasmic derivatives 
(107° M) on binding of '?51-vWE to stimulated platelets 





Inhibition of '*°I-vWF binding (%) 
| 





Addition to ADP Thrombin Ristocetin 
platelets (10 uM) (0.1 Umi) (i mg mi7) 
S Fibrinogen 90 87 0 
~~ D100 70 34 0 
<: D80 0 ND ND 
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Is renin substrate an 
erythropoietin precursor? 
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The biogenesis of erythropoietin is incompletely understood™?. 
One hypothesis maintains that erythropoietin is synthesized 
primarily in the kidney” while according to another theory an 
erythropoietin precursor present in plasma is activated by a 
renal factor, erythrogenin*. An attractive candidate for the 
erythropoietin precursor is renin substrate (angiotensinogen) 
which has chemical similarities with erythropoietin". We show 
here that purified renin substrate. from human plasma is 
immunologically related to human erythropoietin. Moreove 
purified renin substrate, like erythropoietin, causes the dos 
dependent increase of haemoglobin F in cultured human eryth- 
roid leukaemia K562 cells. We conclude that renin substrate is 
a likely precursor of erythropoietin. Sane 
Erythropoietin (EP)” and renin substrate (RS)’ are both 
acidic glycoproteins, with an isoelectric point close to 4.5 and 
have similar sugar moieties and amino acid compositions. Th 
molecular weight (MW) of EP is ~33,000 (ref. 8) and that of 
RS ~56,800 (ref. 7). Several recent reports” provide evidence 
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Fig. 1 Photomicro- 
graphs of K562 cells cul- 
tured for 10 days in the 
presence of 20 pM haemin 
and stained with May- 
Griinwald—~Giemsa stain 
and by the Lephnes ben- 
zidine method. b, Addi- 
tion of 200mU mi’ 
erythropoietin (Con- 
naught HI, Connaught 
Laboratories) and 20 uM 
haemin caused a marked 
increase in benzidine- 
positive buds. c, A similar 
effect was observed using 
30 pg ml! renin substrate 
and 20 pM haemin. K562 
cells were cultured in 


RPMI 1640 culture 
medium containing 10% 
fetal calf serum (details to 
be published elsewhere). 
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Table 1 Immunoreactivity of human plasma renin substrate in 
haemagglutination inhibition assay for human erythropoietin 





Erythropoietin — 
Immunoactivity Bioactivity 
measured stated 
(mU per mg protein; mean) 
9,600 
na 1,200 2,000 
4 o 1,400 
3 0 
3 0 
Angiotensin II 3 Q 


In addition, the following substances did not cross-react in the 
erythropoietin haemagglutination inhibition assay’! (ICL Clinical 
Research Corporation, Knoxville, Tennessee): anti-granulocyte colony 
stimulating activity, human y-globulin, human transferrin, ovalbumin, 
chymotrypsinogen A, human a, ~antitrypsin, cytochrome c, human 
haemoglobin, myoglobin, coeruloplasmin and @,-macroglobulin. Renin 
substrate (RS) was purified from pooled Na,EDTA-plasma of pregnant 
women via the following steps: ammonium sulphate precipitation, cellu- 
lose DEAE-S2 chromatography, Blue Sepharose CL-6B (Pharmacia) 
chromatography, Ultrogel AcA 34 filtration (LKB), chromatofocusing 


(Pharmacia) and Sephadex G-75 gel filtration, The purified RS prepar- | 


m ation yielded one band on SDS-gel electrophoresis, and 12.0 ug 


“§ angiotensin I per mg protein on exhaustive incubation with human 


kidney renin (details to be published elsewhere). Renin was partially 
purified from human kidney according to Haas ef al®. 

* Human urinary erythropoietin, 2.0 international units per mg pro- 
tein (WHO International Laboratory for Biological Standards; National 
Institute for Biological Standards and Control, London). 

t Connaught Step 3, Connaught Laboratories). 


human EP antiserum in the haemagglutination inhibition assay 
for human EP. Finally, antisera to human EP were shown to 
bind '**I-labelled RS ina dose-dependent manner, For example, 
one anti-human EP antiserum (Fisher) bound 29.3, 11.2 and 
3.6% of a constant amount of !751-RS when diluted 1 - 30, 1:100 
or 1:1,000 respectively. The maximum binding of anti-RS anti- 
serum to '*°I-RS was 78.3% at a dilution of 1: 100. Antisera 
against angiotensin I, purified human lung angiotensin convert- 
ing enzyme or haemoglobin F showed no binding of labeled RS: 
, These results indicate considerable immunological similarity 
‘between human plasma renin substrate and erythropoietin. 
To test whether RS can exert erythropoietin-like activity, 
cultured human leukaemia cells of the K562 line were treated 
with RS. This cell line is known to react to erythropoietin 
treatment with increased numbers of benzidine- positive 
colonies'* and displays properties characteristic of early eryth- 
roid progenitor cells'3. Treatment with RS for 10 days caused 
a dose-dependent increase in benzidine-positive buds in cultured 
K562 cells (Fig. 1) that could not be distinguished from the 
effect of purified sheep EP. a i. 
The effect of RS on haemoglobin synthesis in K562 cells 
was further evaluated using a radioimmunoassay for haemo- 
globin F (HbF). RS caused a dose-dependent increase of 


immunoreactive HbF in K562 cells (Fig. 2), while purified 


human kidney renin or angiotensin I and II had no such effect. 
The stimulation of HbF production by K562 cells caused by RS 


direct action on K562 cells or following chemical modification 
by these cells or factors present in the culture medium. 


Taken together, the present data provide evidence that renin - 
substrate is closely related to erythropoietin and is a likely | 
investigating Th 
whether renal factors like erythrogenin* participate in the bio- 4, 
genesis of EP by an action on RS, and whether normal erythroid — 
-progenitor cells are activated by RS. The immunological _ 


precursor of this hormone. We are currently in 















| Fig. 2 Haemoglobin F (HbF) concentration in lysed K562 ¢ 


treatment was comparable to the effect of EP, and strongly | 
suggests that RS has erythropoietin-like bioactivity, either by a 










Table 2 Agglutination of: eryth ue 
poietin by antisera against human ren 














Antiserum 


Rabbit anti-human 
renin substrate 









-6/032083* 4 
-13/032083. 4 
Rabbit anti-human 
erythropoietin? © 3 
Rabbit control sera 
Non-immunized 4 
Anti-human HbA. 3 
Anti-human HbF 3 


for human erythropoietin (JCL Clinical Research Corporation, Knox 
ville). Antisera against human RS were generated by mon 
cutaneous and intradermal injections of purified RS (Fable 1) 


Agglutination is defined as in the haemagglutination inhibition assa 


complete Freund's adjuvant in rabbits. 
* Code number/date of bleeding. aE EEO 
t Antiserum against purified human erythropoietin was a gift of 
J. W. Fisher and has been described elsewhere!”. This ‘antiserum 
capable of neutralizing the biological activity of human erythropoietin 
in the exhypoxic polycythaemic mouse bioassay. It was prepared using _ 
the pure preparation of EP from human urine of Miyake ef al, 
containing 70,000 U per mg protein. ee ae RE 


400 


300 


200 


Haemoglobin F (ng per mg protein ) 


100 



















_ @, Without treatment; b, after treatment for 10 days in cultu 
204M haemin (haemin control); plus c, 20 pg ml"! renin it 
strate; d, 50 ug ml™’ renin substrate; e, 20 mU mI”! sheep eryth 
ropoietin; and f, 200 mU ml”! sheep erythropoietin. Cells w 
cultured in RPMI 1640 medium containing 10% fetal calf seri 
200.1U mi” penicillin and 200 ug mi~’ streptomycin at 37°C an 
5% CO). Pretreatment with 20 aM haemin for 3 days was followed 
by treatment for 10 days with the substances mentioned 
were washed and lysed by repeated freezing to —70 °C and thawin 
in 100 mM KCN, HDF was quantitated by radioimmunoassay (K.R. 
et al, in preparation) using '*°I-HbF purified from cord bl 
according to the International Committee for Standardiza 
Haematology as a standard. Following carbodiimide condens: 
purified HbF was used as an immunogen to raise antisera in rabbits. 
ay sensitivity was <0.2 ng HbF and the cross-reaction with 


haemoglobin A 0.8% (not detectable with rabl haemo- 


- Results are mean +s.e.m. Difference from haemin control: 


P<0.05; ** P<0.01 (3-5 cell batches; 4- 5 assays), o 



























mmunoassay!*, the latter approach usually giving higher EP 
salues than the former!>. Our data challenge the generally held 
Aew that the sole role of renin substrate is to release angio- 
-tensin I when acted on by renin. 

_ This work was supported by the MRC of Finland, by the 
igrid Jusélius Foundation, Helsinki, and by the Nordisk Insulin- 
ond, Copenhagen. 
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Vasopressin antagonists” are valuable pharmacological tools 


-for investigating physiological and behavioural functions of the 
nonapeptide arginine-vasopressin (AVP)*°. The removal of 
_-glycinamide from the carboxy terminus of AVP drastically 
reduces its characteristic vasopressor and antidiuretic 
_-activities’®. In contrast to this we show here that removal of 
the carboxy-terminal glycinamide or the glycine at position 9 
from several vasopressin antagonists makes little difference to 
> their ability to block vasopressor and antidiuretic responses to 
AVP. These data demonstrate the critical structural require- 
“ments of the carboxy-terminal position for receptor activation, 
in contrast to the lack of such requirements for receptor binding. 
‘They also provide an avenue to a wide variety of antagonists 
ibstituted at the carboxy terminus (for example radiolabelled 
derivatives and affinity ligands) and suggest clues for the 
development of more potent and/or selective antagonists. 
Removal by tryptic digestion of the carboxy-terminal gly- 
cinamide from AVP virtually abolishes its characteristic 
antidiuretic and vasopressor activities'°. However desgly- 
cinamide-A VP does retain activity in behavioural tests in rats’! 
and a desglycinamide metabolite of AVP has recently been 
reported to be substantially more potent than AVP in facilitating 
memory consolidation in rats'?. We wondered how this modifi- 
cation and also the deletion of glycine alone (thereby preserving 
the CONH, portion of the carboxy terminus) would affect the 
antagonistic potencies of AVP vasopressor and renal tubular 
receptor antagonists'~’, Initially we synthesized the des- 
glycinamide and desglycine analogues of the vasopressor 
antagonist/weak antidiuretic agonist [1-(8-mercapto-B,p- 
eyclopentamethylenepropionic acid) arginine vasopressin 


























etween serum EP assay results obtained with bioassay and (d(CH)sAVP) (ref. 2) which has the following structure: os 








t+ 2 3 4 8 6 7 8 9 
CH, CO-Tyr-Phe-Gin- Asn-Cy-Pro-Arg-Gly-NH2 


| 
, 


and the antidiuretic/vasopressor antagonist d(CH;).[D- 
Phe? ]VAVP (ref. 6). This differs from d(CH,),AVP in having 
D-Phe at position 2 and Val at position 4 in place of Tyr and 
Gin, respectively. The desglycine analogues of three additional 
potent antidiuretic/vasopressor antagonists, d(CH.)<[Tyr- 
(Et)*]VAVP (refs 3 and 4) d(CH,);[D-Tyr(Et)] VAVP (ref. 5) 
and d(CH,),[D-Phe’, Ile*JAVP (ref. 7), were also synthesized 
and examined (Table 1). We also report the pharmacological 
activities of desglycine-AVP for the first time and those of 
desglycinamide-AVP'® and of AVP-acid’* in more detail than 
previously published. 

Antidiuretic and vasopressor agonistic activities of the AVP 
analogues were assayed by intravenous injection into ethanol- 
anaesthetized water-loaded rats'* and rats pretreated with 
phenoxybenzamine and under urethane anaesthesia’*, respec- 
tively. The same types of assay preparations were used to esti- 
mate antagonism of vasopressor'® and antidiuretic?” responses 


to AVP. Antagonistic activities are expressed in terms of the «4 


‘effective dose’ which is defined as the dose of an antagonist, 
injected intravenously, that would halve the response to AVP 
relative to its response before antagonist administration. The 
effective dose was estimated by finding doses both above and 
below the effective dose which was then estimated by interpola- 
tion on a logarithmic scale’’. 

Deletion of glycinamide or glycine from d(CH.);AVP and 
from d(CH,).{[D-Phe*]VAVP resulted in compounds (la, 1b 
and 2a, 2b, Table 1) which retained almost full or enhanced 
antagonistic potencies. In these antagonists, the desglycine 
modification appears to be more effective in leading to retention 
or enhancement of antagonistic potencies than the desgly- 
cinamide modification. Deletion of glycine from the three addi- 
tional potent antagonists of both antidiuretic and vasopressor 
responses (compounds 3-5, Table 1) resulted in compounds 
(3a-5a) which are almost indistinguishable from their parent 
glycine-containing compounds. If one assumes that antagonistic 
potency depends on the ability of a peptide to bind to receptors 
without activating them, it would appear first that deletion of 
glycine does not affect the binding of these peptides to rena 
tubular or to vasopressor receptors and second that deletion of 
glycinamide reduces binding to renal tubular and vascular recep- 
tors only slightly. Note also that deletion of glycine or gly- 
cinamide abolished the residual weak transient antidiuretic 
activity seen in compounds 2, 3 and 4. 

As expected, desglycinamide-AVP'° and AVP-acid'* have 
markedly reduced antidiuretic activities (Table 1). Vasopressor 
agonistic activity was very weak or undetectable. Neither 
analogue showed clear antagonistic activity on either assay. 
Surprisingly, however, desglycine-AVP did have substantial 
antidiuretic activity, about 50% that of AVP itself. It acted as 
a weak partial agonist and antagonist of the vasopressor response 
to AVP. Thus, although removal of the glycine alone in desgly- 
cine-AVP did reduce antidiuretic activity by about 50%, and 
essentially eliminated vasopressor activity, the effects of deleting: 
the carboxamide groups (by deamidation, in AVP-acid, or by — 
deleting the glycinamide, in desglycinamide-AVP) were even 
more dramatic, reducing antidiuretic activity by about 98%. 
Thus, these data, in conjunction with those on the AVP antagon- 
ists, indicate that neither the carboxy-terminal carboxamide 
group nor glycinamide is required for binding to either AVP 
renal tubular or vascular receptors. On the other hand a car- 
boxy-terminal carboxamide group is critical for activation of 






AVP-renal tubular receptors and the entire glycinamide residue 


is essential for effective activation of AVP vasopressor receptors 
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Table 1 Agonistic and antagonistic activities of some analogues of arginine-vasopressin 


Agonistic activities Antagonistic activ 















(units mg™!) effective dose (nmol k i 
Antidiuretic Vasopressor Antidiuretic Vasopressor 
330+ 23 382 £5 m ee 
4.740.6 <0.3 S a 
164+4 <0.05$ — 60+16 
5.6411 ~ 0.02§ sete oOo omm 
0.03 +0.01 — = 0.56+0.11. 
~ 0.003§ oe = 0.28 +0.04. 
0.04£0.01 — ian 0.73 40.07 
Weak§ — 0.67 +0.13 O.5820.04 | 
w L 0.584011 04720.04 
~- > 1.30+0.35.- 0.804008 
~ 0.03§ ~— 1.9+0.2 0.494014 
— — 1.0+0.2 0.45 +0.02 
Weak§ — 1.1+0.2 0.454011 
— — 1L.8+0.3 0.45.2: 0.04 
~ ~ 0.46 +0.07 0.99 +0.12 
~ — 0.66+0.17 1020.1 


Except for AVP-acid, which was purchased from Bachem, all AVP analogues were synthesized in our laboratories by standard. methods of 


peptide synthesis either in solution or 
elsewhere. 

* This analogue was originally 
vivo. 

t This publication. 


enepropionic acid)]arginine-vasopressin: 
4-valine Jarginine-vasopressin: d(CH,).[D-Tyr(Et)°TVAVP, 


by the Merrifield solid-phase method?!®, as previously described*~’, Details of these syntheses will be reported 
reported to be an antidiuretic antagonist in vitro and in vivo’, but is shown here to be an antidiuretic agonist i e 
©.. * Originally obtained by tryptic cleavage of AVP?°, pharmacological properties reported here for the first time. 7 


™™  § These analogues showed weak partial agonistic activity in these assays which was inconsistent and not 
AVP, arginine-vasopressin;: AVP-acid, deamidoarginine vasopressin or vasopressinoic 


) | clearly related to dose. Abbreviations: 
acid; d(CH,) AVP, [1-(8-mercapto,B,8-cyclopentamethy!- 


d(CH.)<[Tyr(Ety?JVAVP, [1 -B-mercapto- 8, B-cyclopentamethylenepropionic acid),2-0-ethyltyrosine, 
[1-(8-mercapto- B,8-cyclopentamethylenepropionic 


acid),2-D-(o-ethyl)tyrosine, 


4-valine Jarginine-vasopressin: d(CH,);[p-Phe*]VAVP, [1-(8-mercapto-8,8-cyclopentamethylenepropionic acid), 2-p-phenylalanine, 4-valinejar- 
ginine-vasopressin; d(CH,) s[D-Phe* He*]A VP, [1-( 8-mercapto- B,8-cyclopentamethylenepropionic acid), 2-D-phenylalanine, 4-isoleucine Jarginine~ a : 


vasopressin (carboxy terminus is Arg(NH;); desGly, 


Radiolabelled, photoaffinity or immunogenic covalent ligands 
of AVP receptor antagonists have not been developed to date. 
Such ligands could be useful tools for probing the structural 
characteristics and binding specificities of AVP receptors, 
isoreceptors and for the production of AVP anti-idiotypic anti- 
bodies. The desglycinamide modification of AVP receptor 
antagonists presents a novel and simple pathway for the synthesis 
of such ligands; by chemical or enzymatic coupling, in solution 
or on a solid support of a desglycinamide analogue via its 


desglycine; desGly(NH)), desglycinamide (carboxy terminus is Arg(QOH)). 
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\ or of suitable haptens. 
Y Based on the data presented here for the AVP antagonists 
-and on the finding that the Gly at position 9 in d(CH;)<[D-Phe?, 

lle*JAVP (ref. 7) can be replaced by L- or D-Ala, Ser or Arg, 
with retention of antagonism (unpublished), it is clear that 
position 9 can be either deleted or substituted with a variety of 
other derivatives with retention of potent antagonism. This 
opens up the possibility of incorporating modifications at this 
position which might lead to more potent and/or more selective 
antagonists for use as pharmacological tools in studies on the 
physiological, pathophysiological and behavioural roles of AVP 
and for potential clinical use. 
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Calcitonin gene-related peptide (CGRP) is a putative novel. 
neuropeptide predicted on the basis of alternative RN 
cessing events of primary transcripts of the calcitonin- 
Distinct mRNAs encoding either calcitonin or CGRP are} 
ated from the calcitonin gene RNA transcript in what a 
to be a tissue-specific manner’. The predicted peptide h: 
been detected immunocytochemically in discrete regions 
central and peripheral nervous systems’ and potent in vivo 








actions have been reported. for : centrally and peripherally 
< administered synthetic CGRP”. However, so far there is no _ 







-evidence that CGRP is secreted or released by intact cells. The 
-present experiments investigated the possible secretion of 
CGRP in vitro using primary dispersed cell cultures of the adult 
-rat trigeminal ganglion, which previously has been found to 
contain large amounts of CGRP mRNA (ref. 2). We report 
< here that immunoreactive CGRP is spontaneously released by 
cultured trigeminal ganglion cells and that secretion is stimu- 
lated by incubation in high potassium medium in a calcium- 
-> dependent fashion. Chromatographic characterization of the 
secreted CGRP-like immunoreactivity (CGRP-LI) isolated 
- only one molecular form which appears to be similar or identical 
to the predicted rat CGRP (1-37). 
- Trigeminal ganglia were obtained from adult male Sprague- 
Dawley rats (Holtzman, 200-220 g) and enzymatically digested 
- into dispersed cells using a method previously described*” (see 
Fig. 2 legend for details). At the time of a secretion experiment, 
all cells appeared healthy and well differentiated. Figure 1 shows 
a fluorescence photomicrograph of a cultured trigeminal gang- 
© lion.cell stained using an antiserum against a synthetic analogue 
of CGRP, [Tyr ]CGRP(23-37). In culture dishes prepared as 
_. described in Fig. 1 legend, a small percentage (<1%) of cells 
were reliably stained using a conventional indirect immuno- 
fluorescence method?®. Cells stained for CGRP-LI were typically 
“medium in size, measuring 18-22 pm in diameter, round or 
polygonal in shape, and gave rise to 4-7 processes that branched 
extensively in the area immediately surrounding the cell body. 
Cells stained in culture for CGRP-LI were thus similar in size 
and shape to trigeminal ganglion cells stained in situ’, although 
extensive local plexuses of neuronal processes comparable to 
those described here could not be resolved in sections through 
intact ganglia. | 
Basal release of CGRP-LI from trigeminal ganglion cells in 
dispersed culture was readily measurable using our radioim- 
munoassay. Typically, 10-30 fmol of CGRP-LI were released 
= per dish during a 60-min incubation period. Depolarization of 
cells by incubation for 60min in high potassium (59 mM) 
medium typically elicited the release of 90-250 fmol of CGRP- 
Li per dish (~30% of total cellular content of CGRP-LD, a 
~4~{1-fold increase over basal levels. When calcium ion was 
removed from the high. potassium medium, the release of 





< Fig. 1 Fluorescence photomicrograph of a cultured trigeminal! 
-0 ganglion cell. After 4-6 days in culture, dishes (n =25, from 
different preparations over a period of 2 months) were fixed for 
15 min in 4% paraformaldehyde and 0.5% glutaraldehyde in bor- 
ate buffer at pH 9.5. Indirect fluorescence histochemistry was then 
done as described in detail elsewhere®, using an antiserum raised 
against a synthetic analogue of CGRP, (Tyr JCGRP(23-37), con- 
jugated to human a-globulin and used ata dilution of 1: 2,000. 
This serum was preabsorbed with human a-globulin (7.5 pg mI“). 


Each of the stained processe n in the photomicrograph could 
aining of trigeminal 


be traced to the cell b me : 
ganglion cells was completely blocked by the addition of synthetic — 
[Tyr JICGRP(23-37) or CGRPU-37) (img ml”); addition of 
synthetic substance P, somatostatin( 1-14), or human calcitonin at 
the same concentration did not influence staining. 
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Fig. 2 Basal (CTRL) and stimulated (59 mM K”) release of 
CGRP-like immunoreactivity (CGRP-LI) from trigeminal gang- 
lion cells in primary dispersed cell culture. The calcium (Ca**) 
dependency of the 59 mM K*-induced release of CGRP-L1 is also 
shown (59 mM K*, no Ca**). 

Methods: One hundred pairs of trigeminal ganglia were collected 
and dissociated enzymatically for 150 min in sterile siliconized 
spinner flasks using collagenase H (Worthington)*°. DNAase II 
(3.2 10° Kunitz units; Sigma) was added at 40, 95 and 130 min. 
Following dispersion of the tissue, cells were washed, resuspended 
in HEPES-buffered Dulbecco’s modified Eagle's medium 
(HDMEM) containing 10% fetal calf serum (PCS) and plated at 
a density of 5x 10° cells. per 60 mm tissue culture dish (Falcon 
3002, previously coated with poly-D-lysine at 20 pg ml~*)— 
this is equivalent to four trigeminal ganglia per dish. The 
culture medium was changed 3 days after plating to HDMEM + 
5% FCS and secretion experiments were performed the follow- 
ing day. On the day of an experiment the culture medium was 
aspirated off the dishes and the cells were washed three times with 
20m! HEPES-Krebs—Ringer’s-bicarbonate glucose solution 
(HKRBG)*. Cells were then equilibrated in 1.0ml HKRBG for 
Lh, followed by a 1h experimental period in HKRBG with or 


without 59 mM K*. Finally, cells were exposed to high K* (59 mM) 4 


HKRBG for 1h to validate responsiveness. Appearance of cells 
following a secretion experiment was unremarkable, At the end 
of each incubation, the media were collected and placed in glass 
tubes at 4 °C, heated for 5 min at 90 °C, chilled and assayed within 
12h for CGRP-LI. Synthetic CGRP(1-37) and a C-terminal 
analogue, [Tyr?7]CGRP(23-37), were prepared on a p-methyl- 
benzhydrylamine resin as described previously’ and purified using 
preparative scale reverse-phase HPLC”. Peptide purity was > 95% 
as determined by amino acid analysis and analytical reverse-phase 
HPLC. Antisera were raised in New Zealand rabbits to a synthetic 
C-terminal analogue of CGRP, which was first coupled to human 
a-globulin via glutaraldehyde. The final dilution of antiserum was 
1: 85,000-100,000. Radiolabelled ligand ((?*°I-Tyr??JCGRP(23- 
37)) was prepared by the chloramine-T method and purified by 
reverse-phase HPLC on a Vydac C-18 column. Standard curves 
were constructed using CGRP(1-37). Antibody complexes were 
precipitated with Pansorbin (Staphylococcus aureus protein. A; . 
Calbiochem). The minimum detectable dose was 2-4 pg CGRP(1- 
37) per assay tube and the 50% effective dose (EDs) of the 
radioimmunoassay standard curve was in the range 45-55 pg _ 
CGRP(1-37). None of the media used in our cell culture system 
or any of the peptides tested exhibited any cross-reactivity in the 
radioimmunoassay. Statistical comparisons (multiple range tests 
of Dunnett and Duncan) analysed the responses of dishes to test 
substances or control (HKRBG) during the experimental period. 
Numbers in parentheses indicate the number of dishes per treat- 
ment group. *P<0.01, ie oh g s 
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Fig.3  Reverse-phase HPLC of pooled gel filtration chromatogra- 
phy samples taken from the zone containing >90% of the recover- 
~ able CGRP-LI (see text). Solvents for reverse-phase HPLC were 
0.1% trifluoroacetic acid (TFA) in deionized water (solution A) 
and 0.1% TFA in a mixture of 60% acetonitrile/40% deionized 
water (solution B). Lyophilized sample or synthetic CGRP(1~37) 
was dissolved in 1.5 ml of solution A and 0.5~1.5 mi was applied 
to a Vydac C-18 column (0.4625 cm, particle size 5 um, pore 
size 330 A), Chromatograms were run for 33 min at 20-25 °C in 


ayy” conditions of increasing amounts of solution B (see diagram) using 


an Altex gradient liquid chromatograph Model 332. Flow rate was 
1.5 ml min”! and fractions were collected every 0.5 min into glass 
tubes containing 5 pl of 10% bovine s¢rum albumin (BSA) in 
H20. Fractions were lyophilized, reconstituted in assay buffer, 
neutralized with 2 M sodium hydroxide and assayed for CGRP-LI. 
Blank runs of injections of solution A were performed before each 
application of sample or synthetic CGRP(1-37). No CGRP-L] 
was detected in any of these collected fractions. Recovery of 
CGRP-LI from samples or synthetic CGRP(1~37) across the 
HPLC column was ~70%. When basal or 59 mM K* medium was 
taken directly for reverse-phase HPLC, using a Vydac or a Waters 
C-18 column (0.46 x 30 cm, particle size 10 pm, pore size 120 A), 
the media from 50 or 25 dishes was first pooled into an equal 
volume of 2 M acetic acid at 4 °C containing 12.5 mM EDTA. The 
acidified medium was then heated at 90°C for 5 min, cooled to 
4°C and then partially purified over Bond, Elut (Analytichem) 
disposable C-18 cartridges to remove large (>20,000 molecular 
weight) proteins. Samples were then prepared and applied to the 
columns as described above. The arrow on the diagram indicates 
the elution time of synthetic rat CGRP(1~37). 





“| CGRP-LI was attenuated (Fig. 2). Secretion of CGRP-L] by 
cultured trigeminal ganglion cells resembles calcium-dependent, 
high potassium-induced secretion of other peptides in different 
in vitro model systems**. Returning cells that had been stimu- 
lated with 59 mM potassium to culture medium for 18-24 h and 


repeating the experiment the next day demonstrated that cells _ 


could typically release significant amounts (70-100%) of 
CGRP-LI compared with the previous day. 

Gel filtration chromatography of CGRP-LI released from 
trigeminal ganglion cell cultures depolarized with 59 mM 
potassium medium demonstrated that more than 90% of the 
total CGRP-LI recovered from the column eluted in the Ky 


range 0.28-0.41, with the peak at a K} of 0.33. Synthetic © 


CGRP(1-37) applied to the same column eluted in an almost 
identical manner (>90% CGRP-L] in Ka range 0.33-0.42, K, 
p-peak at 0.38). In both cases only one peak of immunoreactivity 
was observed. No calcitonin-like immunoreactivity was detected 
in the column eluant or in media from cells depolarized with 
59 mM potassium. In other experiments, we combined the frac- 
tions containing the CGRP-LI peak from gel filtration of 
medium from high potassium-stimulated cells. The pooled 
lyophilisate was then subjected to reverse-phase HPLC and only 





one peak of CGRP-LI was observed, which co-eluted with — 


synthetic CGRP(1-37) (Fig. 3). Media from unstimulated 
(basal) and stimulated (59 mM potassium) cultured cells were 
_ also directly subjected to reverse-phase HPLC (following the 
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, of CGRP-LI, apparently identical to the predicted rat CGRP( . 


. that recombinant DNA techniques offer a promising approach _- 



















procedures outlined in Fig. 3) and an identical profile 
observed. Together, these data provide strong evidence 
only one molecular form of CG) XP-LI is released from 
cultured trigeminal ganglion cells and that this is very simila 
if not identical, to synthetic rat CGRP(1-37). — 
In summary, our data provide the first direct | 
secretion of CGRP-LI from nervous tissue and 
possibility that CGRP may have a role as an: 
modulator. Secretion appears to depend on the a 










extracellular calcium, as is expected in secretor 
established physiological significance. Only one molecul: 





form _ 









37), is released. Our observations agree with a previous report _ 
describing high levels of CGRP immunoreactivity and CGRP | 
mRNA in trigeminal ganglia? and with studies suggesting a tissue _ 
specificity in the generation of mRNAs encoding calcitonin or 
CGRP'”. Furthermore, the data support the possibility that — 
alternative RNA processing mechanisms are a biologically sig- _ 
nificant means of increasin g the diversity of extracellular regula- 
tory molecules, oe 
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indicate that toxoid-derived antitoxic immunity by itself is 
insufficient to provide effective, long-lasting protection against 
cholera’. Using recombinant DNA techniques we have now 
constructed a live, attenuated V. cholerae strain by deleting . oe 
genes encoding the enterotoxin. Restriction enzyme fragments. 
encoding cholera toxin were deleted in vitro from cloned vibrio 
chromosomal DNA and the resulting mutations introduced into 
the chromosome of a vibrio strain of proven immunogenicity. 
Recently, Mekalanos and coworkers" have reported attenuated 
V. cholerae strains constructed by similar methods. It appears 






to the development of effective cholera vaccines. n 
Experimental cholera studies in community volunteers at the -< 


_ Center for Vaccine Development, University of Maryland, have = 


Bgl] yielded a population of linear molecules each digested at one of four Bgill 


z i 2 resuspended in | mi L-broth and plated on L-agar containing 100 pg mi” ampicillin 
< and 50 U per ml polymyxin B (Aerosporin,; Burroughs Wellcome). (V. cholerae El Tor, 


-performed as described above with selection on L-agar with 100g ml~' ampicillin and 
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Fig. 1 Deletion of 











ment of the 


"DNA. a, Deletion of toxin genes. A 4kb Pstl~Bglll tragment of the recom binant D 
> plasmid pJBK16 (ref. 12) contains genes encoding cholera toxin flanked by Accel . 


sites with a third Acci site in the B subunit structura! gene. Thetwo Accl fragments | 
were removed and a fragment from pREG153 encoding B-lactamase was cloned in 8 


` their place. The heavier lines indicate vibrio DNA sequences. b, Addition of flanking ^ 


A 
V. cholerae chromosomal DNA sequences to toxin gene mutation. Plasmid pJBK33 Bem HI + 
consists of a 20 kb chromosomal HindIIIDNA fragment from V. cholerae N16991 [ae oe | pian 
cloned into pBR325 (pJBK33 contains 11 Accl sites and so was unable to be as 
easily mutated as pJBK16). All but one PstI site was removed by cloning a 19 kb Tp) = 

-. EeoRI-Sall fragment into pJBK40 to yield pJBK44. pJBK44 contains a 4.0 kb ‘ Ab/pe 

- Pst]-Bglll fragment bearing toxin genes as in pIBK16 flanked by approximately aT as E 

- 7.0 and 7.5 kb of V. cholerae N16961 chromosomal DNA. Partial digestion with anded 


- sites. These linear molecules were then digested to completion with PstI anda 21 kb 
- fragment containing all the sequences of pJ BK44 except for the 4.0 kb Psti-Bglll 


toxin fragment was isolated. Plasmid pJBK21 DNA was partially digested with Pstl | Patl linears 8 
and then cut to completion with BglII to generate a 3.8kb Pstl-Bglll fragment + Bg E j Bq! I linears 
+PstI 








containing the B-lactamase genes cloned in place of the cholera toxin genes. The 
purified fragments from pJBK44 and pJBK21 were then ligated to yield pIBK54, 
which contains a 19 kb Hindill~Sall fragment of V. cholerae chromosomal DNA 
with -lactamase cloned in place of the. deleted cholera toxin genes. 

Methods: a, p}BK16 (Tp’) was digested to completion with the restriction endonu- 
clease Acc! (BRL) and the resulting fragments separated by ge! electrophoresis 
through 0.7% agarose. The largest fragment contained the plasmid vector and DNA 
sequences flanking, but not including the genes encoding cholera toxin, This fragment 
was electroeluted from the gel and extracted with phenol and ether, The ends were 
made blunt ended by filling in with the Klenow fragment of DNA polymerase I 
(BRL) according to the manufacturer's instructions. A fragment containing genes 
encoding B-lactamase and therefore resistance to ampicillin was obtained from 
plasmid pREG153 (received from R. E. Gill) by digesting with BamHI and EcoRI 
(BRL) and purifying by agarose gel electrophoresis. The ends of this fragment. were 
filled in with Klenow fragment, mixed with the purified, blunt-ended fragment from 
pJBK16 and ligated overnight using T4 DNA ligase (BRL) at 15°C. The ligation 
mixture was then transformed into Escherichia coli HB101 and plated on Mueller 
Hinton agar (Difco) containing 50 pg ml”! trimethoprim and 100 pg ml’ ampicillin. 
Plasmids from the transformants were extracted by the method of Birnboim and 
Doly’’ and digested by a variety of restriction enzymes, including PstI, Bgfll, EcoRI 
and BamHI. One clone which gave the expected restriction pattern was designated pJBK21. b, pJBK33 DNA was digested to completion with EcoRI and Sali 
(BRL) and mixed with pJBK40 DNA similarly digested with EcoRI and Sall. p}BK40 is an ampicillin sensitive derivative of pBR325 which lacks a Pst site. H 
was constructed by digesting pBR325 with PstI and transforming linear molecules into E. coli strain HB101. Recircularization within the E. coli cell resulted in 
joss of Ap resistance and the Pst] site. Digested pJBK33 (Ap’, Cm’) and pJBK40 (Cn, Tc‘) DNA was ligated overnight at 15°C with T4 ligase and transformed 
into HB101. Plasmid content of Cm’, Tef, Ap’ colonies was analysed and one clone which gave the expected restriction pattern with only a single Pst site was 
designated pJBK44. Linear molecules of p}BK44 in which only one of the four Belll sites was cut were obtained by digesting pJBK44 with Belll enzyme in the 
presence of 0.1 mg ml! ethidium bromide'®. After linearization, the ethidium bromide was removed by extraction with water saturated n-butanol and the DNA 
precipitated with ethanol. The Bglll linears were then digested to completion with Pstl and the resulting fragments separated by gel electrophoresis through 0.3% 
agarose. The separated fragments were eluted, purified and analysed by digestion with BglII to identify the desired fragment, that is, a 21 kb fragment with ail 
the DNA of pJBK44 except for the 4 kb Pstl-Bglll fragment containing the toxin genes. Plasmid pJBK21 was treated similarly by linearization with Pasil in 
ethidium bromide followed by BglII digestion and separation by agarose gel electrophoresis. The desired fragment, a 3.8kb Bglli-—Pstl fragment containing 
B-lactamase with an internal Pstl site, was mixed with the purified fragment from pJBK44, ligated and transformed into HB101. Plasmid DNA from Cm’, Ap 
transformants was analysed and one clone which gave the expected restriction endonuclease pattern was designated pJBK54. This plasmid was identical to piBK44 
except for the substitution of the 3.8 kb Pstl-Bglll fragment encoding B-lactamase from pJBK21 for the 4.0 kb Pstl-Beglll fragment encoding cholera toxin from 
pJBK33. 





Fig. 2 Introduction of cholera toxin gene deletion into the chromosome of 
enterotoxigenic V. cholerae N 16961. a, The plasmid pJBK55 was constructed by digest- 
ing pJBK54 (Ap‘, Cm’) (Fig. 1b) and pRK 290 (Te’)'* with EcoRI, ligating and selecting 
Ap’, Tc‘, Cm‘ transformants. pJBK55 was mobilized from E. coli HB101 into V. cholerae 
N16961 with the aid of a conjugative ‘helper’ plasmid pRK2013 (ref. 15). b, Selection 
of V. cholerae cells in which the toxin deletion mutation had recombined into the 
chromosome. Plasmid pR702 (Su', Sm‘, Tc’, Km’) (ref. 16) belongs to the Inc P group 
and was mated into V. cholerae N16961 (pJBK55). PB’, Ap’ and Su’ colonies were 
selected, screened for Cm sensitivity and tested for toxinogenicity by GM, enzyme- 
linked immunosorbent assay (ELISA). c One nontoxinogenic mutant, designated 
V. cholerae JBK56, was selected and confirmed as nontoxinogenic by GM, ELISA, Y-I 
adrenal cell assay and DNA hybridization using a labelled cholera toxin gene probe. 
_. Methods: Restriction enzyme digestion, ligation and plasmid extraction methods are 

as given in the legend for Fig. 1. a, Conjugal mating between E. coli HB101 (pJBK55) 

„and V. cholerae N16961 was carried out by mixing 1 mi of mid-log cultures of donor 
_ and recipient grown statically at 37°C in L-broth. The mixed cultures were filtered 

_ through 0.4 pm filters (Nuclepore) which were then placed on L-agar plates for approxi- 

mately 4h at 37°C. At the end of the mating. period, bacteria on the filter were 
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unlike E. coli, is naturally resistant to 50 U per ml polymyxin B.) Plasmid content of 
Ap’ V. cholerae transconjugants was examined to confirm the presence of pJBK55. b, 
-Conjugal mating between E. coli J53 (pR702) and V. cholerae N1696! (pJBK55) was 
100 pg ml”! sulphonamide. c, Toxinogenicity testing by the Y-1 adrenal cell assay and 
GM, ELISA was performed as previous described '?°).. DNA hybridization studies 
were performed using a colony. hybridization technique?’ and labelled cholera toxin 
gene sequences. A cholera toxin gene probe was prepared by labelling a 1,200 base 
pair (bp) Acc! fragment from pCVD002 (ref. 13) by nick translation”? using (?P-dATP 
(800 Ci mmol~'; NEN) and DNA polymerase I (NEN). Approximately 10° c.p.m. of 
labelled DNA was hybridized to the nitrocellulose filter in a solution consisting of 50% 
formamide, 5x SSC (SSC; 0:15 M NaCl plus 0.015 M sodium citrate), 1x Denhardt 
_ solution (0.02% Ficoll, molecular weight (MW) 400,000; 0.02% polyvinyl pyrrolidone, 
MW 360,000; 0.02%. bovine serum albumin), 0.1% SDS and | mM EDTA at 37 °C for 
h. After washing in 5> SC-0,1% SDS for 1h, the blots were dried and 
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Fig.3 Construction of mercury resistant, ampicillin sensitive non- 
toxinogenic V. cholerae. a, Construction of V. cholerae JBK70 
(Hg’). A second HindIII restriction site was added to pJBK54 by 
digesting pJBK54 with Sall, filling in the ends with Klenow frag- 
ment and ligating HindIII linkers (BRL) to the filled in Sall site. 
The ligated mixture was digested with HindIII and the large 
fragment containing the mutated vibrio DNA and the B-lactamase 
was purified by agarose gel electrophoresis, The purified fragment 
was ligated to HindIII digested pJBK40, transformed into E coli Salt 
HB101 and Ap’, Cm’ clones were analysed for the presence of > | +Hind ME linkers 
two Hindlll sites flanking the vibrio DNA. The resulting plasmid, pe oy 
PJBK59, was partially digested with Pstl in the presence of : 
ethidium bromide to yield linear molecules. These were mixed 
with Pstl-digested pDB8 (received from A. Summers), which S 
contains the mercury resistance genes from R100 on a 7.5 kb Pst] H 
fragment. Overnight ligations were transformed and Cm‘, Hg" B“ i 
(50M HgCl,), Ap® clones were analysed yielding pJBK62. The P 

Hindill fragment from pJBK62 containing vibrio DNA and the a bow Pst? 
mercury resistance genes inserted into the B-lactamase PstI site x 








was purified and cloned into pJBK45 to yield pJBK66. pJBK45 
-tis a derivative of pRK290 (ref, 15) which contains a 4 kb EcoRI 
fragment. containing chloramphenicol resistance gene and a 
-c Hindili site from the plasmid vector pKT212 (ref. 23). This 
plasmid was mobilized into V, cholerae JBK56 which had been 
spontaneously cured of pR702 and the homologous recombination 
process repeated (Fig. 2). The resulting nontoxinogenic Hg" Ap‘ 
V. cholerae strain was subsequently spontaneously cured of pR702 
and was designated JBK70. b, Change in V. cholerae N16961 
chromosomal restriction fragments due to homologous recombina- 
~ tion of deleted toxin gene region shown by agarose gel elec- 
"=. trophoresis and Southern blot analysis of restriction endonuclease 
' fragments of V, cholerae strains N16961 and JBK70. Lanes 1, 5: 
N16961, HindIII; lanes 2, 6: JBK 70, Hindli; lanes 3, 7: N16961, 
PstI; lanes 4, 8: JBK70, Pstl. The nontoxinogenic derivative, 
pIBK70, shows no homology with the cholera toxin probe, as 
shown in lanes 6 and 8. In lane 2, the total chromosomal digest 
of JBK70 appears unaltered from the parent strain (lane 1) except pUBK 66 
for the change in molecular weight of the largest HindIlt fragment 
of N16961, which contains the toxin gene (indicated by arrow). 
As would be expected, the largest HindIII fragment shows an 
increase of approximately 7 kb due to the insertion of the mercury 
resistance gene (lane 2). 
Methods: Restriction enzyme digestion, ligation and plasmid 
extraction methods are as given in the legend for Fig. 1. Chromo- 
somal DNA was extracted from toxinogenic V. cholerae strain 
N16961 and the nontoxinogenic mutant JBK70 by the method of 
Brenner et al.**, Approximately 1 ug of DNA was digested with 
restriction endonuclease Hindill or Pst] (BRL) and restriction 
fragments were separated on a 0.7% agarose gel, transferred to 
nitrocellulose paper by the method of Southern?" and hybridized 
to a **P-labelled cholera toxin gene probe. as described in the 
7 legend to Fig. 2. 
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demonstrated that, as in nature, protective immunity follows 
infection with pathogenic V. cholerae and these studies have 
identified toxinogenic, immunogenic strains for attenuation as 
candidate cholera vaccines*'°, One such strain, N16961 (El 
Tor Inaba), extensively studied in volunteers, was attenuated 
by specific deletions of restriction fra gments Containing the genes 
encoding cholera toxin. The fragments encoding enterotoxin 
were deleted in vitro from the recombinant plasmid 
pJBK16"'"*, and replaced with a fragment ‘encoding g- 
lactamase and therefore resistance to ampicillin (Fig. la). Addi- 
tional flanking vibrio chromosomal DNA was then added to | 
ensure the homologous recombination of this deletion into the — B-lactamase genes (Fig. 2b). This event was detected ina popula- — 
chromosome (Fig. 1b). The resulting plasmid, pJBK54, con- tion of V. cholerae containing pJBKSS5 by introduction of a — 
tained the 8-lactamase in place of the toxin genes flanked by second P-group plasmid, pR702 (ref. 15), which is incompatible, — 
pproximately 7 and 9 kilobases (kb) of vibrio DNA. that is, cannot be stably maintained with derivatives of pRK290. a 
The construct was then introduced into the chromosome of Resulting ampicillin and sulphonamide resistant cells represent 
N16961, by site-directed mutagenesis’. The mutated vibrio those cells in which pR702 (Suf, Sm‘, Te", Km‘) be 
DNA. in pJBK54 was cloned into the incompatibility group P 
plasmid pRK290"* to produce pJBK55 which was then intro- 
duced into V. cholerae N16961 (Fig. 2a). Ina small percentage 
of cells, the plasmid vibrio DNA sequences. flanking the B- ‘ 
lactamase genes recombined with the homologous chromosomal : 
sequences flanking the toxin genes. Homologous. cross-over 3 BK70, was constructed wh 
_ occurred, resulting in displacement of the toxin genes by the substitutes mercury resistance for ampicillin resistance (Fig. 
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Fig. 4 Construction of V. cholerae JBK70 (pJBKS1), an A B* 

derivative. During DNA sequencing studies of cholera toxin’? a 

1.3kb Hpall fragment containing the A, and B, but not the A, 

subunit genes, was cloned into the M13 mp7 vector, resulting in 

M13 mp7 B43. The placement in the M13 vector positioned 

BamHI and EcoRI sites adjacent to this fragment which was 

subsequently cloned into pBR325, yielding pJ BK30. The BamHI 

- fragment from pJBK30 was then cloned into pMS9, which contains 

the trp promoter from Serratia marcescens. This vector consists of 

a pBR32R vector plus 94 bp of S. marcescens DNA containing 

the promoter, but no attenuator region or ribosome binding site 

(ref, 26 and C. Yanofsky, personal communication), A putative 

ribosome binding site for the cholera toxin B subunit is found in 

the structural gene for the A, subunit’? and when the BamHI 

: fragment from pJBK30 was cloned into the BamHI site of pMS9, 

~50% of the resulting clones produced B subunit (as measured 

by GM, ELISA), reflecting the orientation of the insert. The 

oo resulting plasmid, pJBK51, was mobilized into V. cholerae JBK70 

by pRK2013 to produce an attenuated V. cholerae strain producing 
ne oes B subunit only. 










Volunteer studies indicate that an antibacterial response is 
essential for immunity’, so immunization with the non- 
toxinogenic strain may be sufficient for protection against 
pathogenic toxinogenic V. cholerae. Inhibition of the initial 
‘colonization of the vibrios along the mucosa of the small bowel 
s apparently the key immune mechanism in the protection that 
follows natural infection. Nevertheless, as antibodies to cholera 
toxin work synergistically ‘in animal models to enhance 
< immunity, a plasmid has been constructed which produces only 
. the nontoxic B subunit (Fig. 4). This plasmid has been introduced 
= into V. cholerae JBK70, after which it was found to produce B 

antigen but not holotoxin. A previously studied A™B” V. 
cholerae strain, Texas Star-SR, attenuated by multiple rounds 
-< of nitrosoguanidine -mutagenesis’°, stimulated infrequent and 
o- meagre antitoxin response ‘that appeared to be unrelated to 











_ successful protection against challenge with pathogenic V. = 
a cholerae”. Attenuated vaccine strains derived by such methods, — 








antages: (1) the precise — 
risk of reversion 


mai (2) nitrosoguanidine may induce 













to toxinogenicity, 
genes, while it lea 
for immunity. Clinical 
Vaccine Development to assess the safety and efficacy in man 
of the attenuated V. cholerae strain JBK70. : 
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Scrapie infectious agent is virus-like 
in size and susceptibility to inactivation | 
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The virions of all known viruses are composed of small amounts 
and othe 
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tional viruses provide examples of both scrapie-like resistant 
subpopulations and complete insensitivity to virucidal agents, 
especially when those viruses, like scrapie, are suspended in 
hamster brain homogenate. Virus controls further establish that 


\y: the ability of the scrapie agent to penetrate dilute agarose— 


acrylamide electrophoretic gels** is shared by conventional 
- viruses. Direct comparison of scrapie’s resistance to ionizing 
radiation with the resistances of other viruses places scrapie 
with the smaller viruses, as opposed to requiring a subviral size 
as claimed®*®, 7 

Scrapie infectivity is refractory to sterilization by many potent 
virucidal agents. However, since sterilization requires total 
destruction of infectivity, it measures only the most resistant 
subpopulation of a virus. In contrast, structural inferences must 
be deduced from the behaviour of the majority population of 
a virus as revealed in the initial rate of inactivation. All methods 
of quantitation of scrapie titres rely ultimately on end point 
dilution titration in animals, which, as typically used, can distin- 
guish, at best, a 10°° difference in titre between two samples’. 
Itis thus difficult to establish sensitivity of the scrapie agent to 
any inactivant that kills less than 90% even though it may be 
very active against the majority population. To be detected, a 
scrapie inactivation must be sufficiently first order in character 
and extensive enough to permit extrapolation to time zero. 

Past scrapie inactivations have usually been conducted on 
crude brain suspensions. To control for the effects of brain 
r homogenate on the inactivation kinetics, highly purified bac- 
1 teriophages (®X174, PM2, A and fd) were added to normal 
hamster brain homogenate and to phosphate-buffered physio- 
logical saline pH 7.2 (PBS) without brain homogenate and 
subjected to inactivation procedures identical to those for 
scrapie. 

The majority of the scrapie infectivity was rapidly inactivated 
by 0.525% hypochlorite (Fig. 1a) and 0.01 M sodium metaperi- 
odate pH 3.6 (Fig. 1b), leaving resistant subpopulations of 
0.1-0.01 %. Resistant subpopulations were also observed in the 
inactivations of bacteriophages ®X174, fd and, in the case of 
periodate, phage A, though only in the presence of 10% brain 


Fig. 1 Inactivation of scrapie and four control viruses by a, 
hypochlorite ion; b, periodate ions. Symbols: @, scrapie; ®, 2, 
®X174am3; W, 0, PM2; A, A, A; @, ©, fd, Closed symbols 
represent inactivation in 10% brain homogenate. Open symbols 
represent PBS. 
Metheds: Twenty per cent suspension of scrapie-infected (early 
clinical disease; hamster strain 263K obtained from R. Kimber- 
lin?! S? and passaged twice in this laboratory) and normal ham- 
a} ster brains were prepared in PBS pH 7.4 by exhaustive sonication 
a = and low-speed centrifugation {International PR-2, infected, and 
=O Sorvall HS4, uninfected, 2,000 r.p.m., 4°C, 15 min), discarding 
the pellet. The scrapie suspension used in a and in Fig. 2b~d 
was stored at 4 °C, used the same day and titred 6.3 x 10° IDso 
units mi '. That used in b, and in Figs 2a and 3 was frozen at 
~70°C for 24h, thawed and resonicated just before use and 
titred 1.59 10° IDs, units ml” *. The several pools of normal 
brain homogenate used were stored at ~30°C until just before 
use. Filamentous bacteriophage fd and the lipid-containing 
phage PM2 were obtained from the American Type Culture 
Collection, along with their respective hosts, Escherichia coli- 
Strain Hfr and Alteromonas espejiani. Phage à strain Y1 and 
host E. coli N720 were obtained from Howard Nash. Phage 
®X1i74am3 and host E coli CQ2 were obtained from Clyde 
Hutchison. A A resistant mutant of E. coli CQ2, designated 
CQ2 lamba", was selected from a A-infected culture of CO2. 


10° 
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All phages could be titrated in the presence of one another. Purified, high-titre stocks, 10'?-10'4 
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homogenate. The extent of the initial inactivatio 
infectivity by 2% aqueous iodine (Fig. 2a) is greate 
in 10% brain homogenate, again indicating the ro! 
homogenate in the apparent stability of the scrapie 
better interpretation of the apparent increase in scrapie 
the 1% brain sample is that both the 1% and 10% inacti 
have plateaued within 15 min at a value approximated by 
mean of the 15, 30 and 60 min points.) CO ae 
The total extent of inactivation of the scrapie agent b 
aqueous phenol (Fig. 2b), 3% hydrogen peroxide. 
0.1% potassium permanganate (Fig. 2d) is <90% 
60 minutes of exposure. Therefore, the initial activation 
cannot be determined by these methods. Scrapie ma 
a rapid but limited initial inactivation like that observed for 
phage A in the presence of 3% hydrogen perioxide and brain _ 
homogenate (Fig. 2c), or scrapie may be only slowly inactivated. _ 
However, even slow inactivation would not necessarily con- ae 
stitute a unique scrapie-specific property as evidenced by the oe 
unexpected insensitivity of bacteriophage ®X174 to aqueous 
phenol (Fig. 2b). fo ADEA 
Infectivity has been recovered from scrapie- and other SSVE- __ 
infected tissue specimens stored for months in formaldehyde __ 
solution'*~'’. In contrast, kinetic measurement reveals that98% 
of the scrapie infectivity in a 10% brain homogenate isdestroyed _ 
during the first 4h of exposure to 10% formaldehyde solution 
(Fig. 3). Other viruses have shown remarkable resistance to 
complete inactivation by formaldehyde'*”° and experience with 
vaccine production methods has revealed the sensitivity of the _ 
formaldehyde inactivation to the presence of contaminating — 
substances*'. The scrapie inactivation may be affected in aes 
similar manner. | ae 
It has been reported that scrapie cannot be inactivated by 
boiling or even by autoclaving (see ref. 22 for review). However, 
in virus-controlled kinetic studies in which the sample tem- _ 
peratures were constantly monitored by an embedded thermis- _ 
tor, the vast majority of the scrapie infectivity was destroyed — : 
immediately on exposure to temperatures of 100 °C or above??, 
Thermal resistance reposed in small subpopulations, less than 
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plaque forming units (PFU) per ml were prepared by CsCl 


bandings of polyethylene glycol precipitates of low speed supernatants of naturally lysed cultures of PM2, polyethelyene glycol precipitates of whole cell supernatants 


of productive stationary phase cultures of fd, virus pellets of low speed 
concentrates of lysis-deficient 6X174am3 grown on a non-permissive host. 
hamster brain homogenate and PBS to give final titres approximating 
phages. Inactivations were conducted by sampling the 20% 






supernatants of chloroform lysed, lytic infections of A and lysozyme lysates of cell 
Small aliquots (<1% of the total volume) of the phages were added to 20% normal 
that of the scrapie agent, 10° PFU ml™. Brain homogenate alone did not inactivate the 
homogenate and, in the case of the phage experiments, the PBS suspension, for a time zero point. An 


equal volume of freshly prepared test reagent (reagent grade chemicals except a and Fig. 2b) was then added to give the final concentrations given in the figure 


legends. The scrapie samples were stirred continuously with magnetic stir bars is small beakers. 
mixed in a Buchler vortex evaporator without evaporation. Samples were taken at the times indicated and immediately diluted serially in PBS (scrapie) or tryptone 
broth (phage) and inoculated into hamsters (scrapie) or onto agar petri plates with indicator . rian 
hamsters (Charles River-Lakeview Hamstery) was inoculated: intracerebrally in the left hemisphere with 0.05 ml at each dilution. 10-15 min were required to. 
inoculate the complete dilution series in the case of scrapie, and, in the case of the phages, 3-8 min depending on the number of different phages being titrated. 
However, in every case the reaction mixture was diluted 100-1 ,000-fold and greater within. moments of sampling, thereby effectively stopping the reaction. The 
inoculated hamsters were observed for 308 days {a and Figs 2b-d) or 291 days (band Figs 2a, 3) and scored positive for scrapie only after histological confirmation ` 
of spongiform change in coded brain sections. Titres were calculated by the method of Reed and Muench*>. a, 0.525% (wt/ vol) sodium hypochlorite, a 1/ 
dilution of Rainbow Bleach (J. L. Prescott Co., Passaic); b, 0.01 M sodium metaperiodate, 





. mixtures were protected from light. Due to the low pH of the periodate solution.a precipitate developed which was resuspended by trituration before inoculatic 


The phage suspensions, except where noted, were continuously 


bacteria (phage). Each of four weanling, female, golden Syrian 









0.1 M sodium acetate (pH 3.6). The periodate solution and reaction 
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Fig. 2 Inactivation of scrapie and four control viruses by: a, 
molecular iodine: 6, aqueous phenol; c, hydrogen peroxide; d, 
permanganate tons. @, 2% (wt/vol) iodine, 2.4% (wt/ vol) sodium 
iodide: Scrapie was inactivated in both 10% and 1% suspensions 
of brain. Phage inactivations were in 10% brain homogenate or 
PBS. b, 0.5% (wt/vol) phenol (10% Lysol, National Laboratories, 
Montvale). c 3% (vol/vol) hydrogen peroxide. The hydrogen 
peroxide reaction with brain homogenate foams making accurate 
“volumetric sampling difficult. For this reason the volumes of the 
phage samples were checked gravimetrically. The increase in A 
titre observed after 1 min of exposure to 3% hydrogen peroxide 
and brain homogenate was observed in three replicate experiments. 
d, 0.1% (wt/vol) potassium permanganate. An obvious chemical 
reaction as indicated by a colour change and the evolution of a 
distinctive odour occurs immediately on mixing permanganate with 
brain homogenate. Symbols: @, scrapie, ®, @, ©X174am3; W, 0, 
PM2: A. A, A; @, © fd. Closed symbols denote inactivations in 
10% brain homogenate except in a where they also represent 1% 
brain homogenate. Open symbols represent PBS. 
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Fig. 3. Inactivation of scrapie and four control viruses by formal- 


-dehyde solution. Samples were mixed 1 : 1 with 20% formaldehyde 


solution F-79 (Fisher Scientific) for final concentrations of 
3.7% wt/wt formaldehyde, 1 to 1.5% methanol. Symbols: @, 
scrapie; @, Z, @X174am3; W, C, PM2; A, A, A; @, ©, fd. Ciosed 
< symbols denote inactivations in 10% brain. Open symbols denote 
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Fig. 4 Radiosensitivity of viruses as a function of the molecular 
weight of their nucleic acids. A. literature search was conducted 
for all known inactivation rate constants of conventional viruses 


inactivated by ionizing radiation under conditions compatible with ee 


the scrapie data (first reference given below). These data, expressed 
as dosé37, the reciprocal of the inactivation rate constant, are 
plotted against the molecular weight of the nucleic acid component 
of the virus, obtained where possible from sequence or restriction 
enzyme data (second reference given below). @, Double-stranded 
DNA viruses; W, single-stranded RNA viruses; Á, single-stranded 
DNA viruses. Sepatate regression lines have been drawn through 
the double-stranded and single-stranded virus data. References: 
polyoma’**, SV40°°"°, shope papilloma”, phage MV-Lg- 
11725858, phage T777, phage BM27?7, phage P2277°’, 
adenovirus 527°", phage A2”*”, phage T155, phage a°°”’, phage 
T52857 herpes simplex®®!, phage T27?’, phage T4772", vac- 
cinia? s7, phage R1775, tobacco necrosis virus’*?*, tomato 
bushy stunt?’’, tomato mosaic virus®?*’, tomato ringspot 
virus?”**, yellow fever virus®°’, fowl plague virus’*°°, Newcastle 


disease virus?’"’, phage ®X174?7?7, phage $13°°’, scrapie (see 
text). 
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0.0001 % of the total at 121 °C, and so cannot be used to draw 
structural conclusions about the agent. 

The small size, 60,000-150,000 daltons of nucleic acid, in- 
ferred from scrapie’s resistance to inactivation by i ionizing radi- 
ation established’!?:*4 and continues to foster expectations 
_ of an unconventional structure. The ‘target’ theory used in this 
calculation was intended as a mechanistic description of the 
physical process of inactivation by ionizing radiation’; the size 
calculation itself depends heavily on parameters that are difficult 
to determine”’**°. Other than nucleic acid strandedness, the 
only independent variables i in a size comparison between viruses 
are the inactivation rate constants themselves”*. A better size 
estimate can be obtained by simply comparing the scrapie inacti- 
vation rate constant directly with the inactivation rate constants 
of viruses of known nucleic acid size. This has been done in Fig. 
4 where the log of the reciprocal of the inactivation rate constant 
(log doses) has been plotted against the log of the molecular 
weight of the nucleic acid component of all viruses for which 
comparable ionizing inactivation data could be found. 

It is apparent from Fig. 4 that radiosensitivity of viruses is a 
strong function of both nucleic acid mass and strandedness**?°. 
However, since there is considerable scatter in this relationship, 
it cannot be an exclusive function of these parameters as is 
assumed in the ‘target’ theory”. Regression lines calculated 
separately for the single-stranded viruses and double-stranded 
DNA viruses have correlation coefficients of —0.832 and 
0.841, respectively. The scrapie inactivation rate constant, 
, computed from the regression of six separate inactivation experi- 
” over the entire dosage range of the experiments (corre- 
lation coefficient = —0.95), intercepts the single-stranded line at 
0.75 x 10° daltons, well above the size of the smallest known 
single-stranded virus”. The double-stranded line is intercepted 
at 1.6 x 10° daltons, well within the range of what is conceivable 
for a virus and 10-20 times greater than estimates made with 
the same data by the target calculation. 

The discovery that some scrapie infectivity co-migrates with 
low molecular weight DNA restriction fragments and viroid 
RNAs in dilute agarose~acrylamide electrophoretic gels* cor- 
roborated the results of the target calculation and seemingly 
secured the concept of subviral size. The electrophoretic gel 
system used in those experiments fractionated nucleic acids on 
the basis of their molecular weights. If scrapie were a naked 
nucleic acid, it must have the small molecular weight indicated 
by its co- migration with the viroid markers. However, if scrapie 
were a virus, nucleic acid markers would be inappropriate. In 
basic solutions, nucleic acids possess a large, uniform negative 
Wetharge promoting migration, coupled with large hydrodynamic 
volumes and extended conformations impeding their movement 
through a gel matrix. In contrast, viruses are small and compact 
compared with the nucleic acids that they encapsulate, whereas 
their net charge is weak and can be negative, positive or 
neutral”, 

This difference is demonstrated in Fig. 5 where three small, 
icosohedral bacteriophages (MS2, ®X174am3 and ®X174strain 
121, an electrophoretic mutant of ®X174) of almost identical 
molecular weight have been electrophoresed with restriction 
endonuclease fragments of ®X174 and phage A DNA. The 
relative migrations of both the viruses and the nucleic acid 
fragments are plotted against the logs of their molecular weights. 
Whereas the nucleic acid fragments separate as a function of 
their molecular weights as predicted, virus migration is insensi- 
tive to this parameter. While none of the three test viruses 
migrated as far as the scrapie infectivity, there is no reason to 
believe that slightly more negative viruses, slightly smaller, or 
perhaps differently shaped viruses would not have done so. 

If, as various authors have postulated, scrapie is a small 
infectious protein®*!** instead of a virus, it should be capable 
of penetrating the more concentrated acrylamide gels that are 
commonly used to fractionate proteins as well as the dilute 
agarose—acrylamide gels used to date. An adequate demonstra- 
tion of this property would require the co-migration of scrapie 

infectivity with protein markers of known size in an elec- 















trophoretic system that demonstrably exchidés 
charged viruses. To date, these criteria have not 
any fractionation system* and, if scrapie has viral 
as predicted by the analysis of its inactivation by io 
ation given above, it will not be possible to do so. 

There is ample evidence that scrapie aggrega 
readily”?***° and an aggregated subpopulation of th 
agent could appear more resistant toa given reagen 
ment than would the unit virus*®. This is because or 
inactivation event is required to kill a free virus particle 
ing that the inactivation of free virus proceeds by a first order 
process), whereas many inactivations are required (one for each 
virus) to kill an aggregate. The conditions in which the radiation z 
experiments were conducted (samples were dried onto: 
planchets) would be expected to promote aggregation which 
would lead to an underestimate of the inactivation rate constant 
and thereby the size of the virus”? 

Aggregation can also affect survival through the mechanism 
of multiplicity reactivation which has been demonstrated after 
virus inactivations ; by ionizing radiation’®, formaldehyde’? and- 
nitrogen mustard?’, when the virus mixture was aggregated i 
either naturally or artificially before assay. When vaccinia virus 
is inactivated by any of these procedures, apparent survival 
increases 100-fold after aggregation’? 

Aggregation of dispersed viruses itself mimics inactivation. i 
Subsequent disruption of such aggregates restores infectivity 
and may account for reports of the reversible inactivation of 
scrapie™™. Since aggregation is a strong function of concentration, 
the role of aggregation can in part be surmised from the con- 
centration dependence of an inactivation. Thus, the inactivation 
of scrapie infectivity by iodine (Fig. 2a) is unlikely to have been 
the consequence of aggregation as the more dilute suspension | 
shows greater inactivation. 

When the inactivation behaviour and size of the scrapie agent 
are compared directly with viral controls, there seems no justifi- | 
cation for classifying the agent as non-viral. Studies of the scrapie | 
agent’s sedimentation behaviour®>"?”, exclusion. size in per- 
meation chromatography’ and buoyant density”? also suggest 
a virus, and several ultrafiltration experiments have placed its 
size between 30 and 50 nm*'“*~*°, Furthermore, electron micro- 
scopic studies of SSVE-infected brains consistently reveal a. 
filamentous structure***° unusual for an animal virus but con- 
sistent in size and morphology with the structures of known 
viruses affecting plants and bacteria. 

The unconventional biological properties. of the subacute 
spongiform encephalopathies leave little doubt that this is a. 
unique disease class, but the evidence strongly suggests that the 
scrapie agent, while perhaps representing a new taxon, is 
nevertheless, a small virus with conventional sensitivities to heat 
and numerous chemical inactivants. | 
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of the animal colony, G. Sokol and J. Etherton for assistance 
in phage inactivations, M. H. Edgell and C. A. Hutchison for- 
providing ®X174 strain 121, E. Elliott and J. Goudsmit for- 
critical reading of the manuscript and D. C. Gajdusek for advice 
and discussion. 2 
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The translocation of secretory proteins across the endoplasmic 
reticulum involves the recognition and cleavage of an amino- 
terminal extension called the signal sequence’. The structure 
of signal peptides appears to be ubiquitous in having a very 
hydrophobic central core”, so that the signal sequence in secre- 
tory proteins from one organism could possibly be recognized 
by the processing and transport apparatus of another. We there- 
fore wished to investigate whether a protein, a-amylase, one 
of several hydrolytic enzymes secreted from the aleurone of 
wheat into the endosperm during germination, could be pro- 
cessed and secreted in an active form from the yeast Sac- 
charomyces cerevisiae, secretion being dependent upon the 
-= plant signal sequence. Here, synthesis of a-amylase was by 

- inserting a cDNA clone coding for the entire a-amylase struc- 


tural gene” into a yeast expression vector’. The a-amylase 
_ protein coded for by this gene fusion has the signal sequence 
= Jocated internally, not at the N-terminal end of the polypeptide. 


Nevertheless, it is processed and the processed form is secreted 
into the medium in an active form. There are potential industrial 
applications for yeast that secrete a functional a-amylase. 

A previously isolated cDNA clone for a wheat a-amylase 
gene was inserted into a yeast expression vector as shown in 
Fig. 1a. The yeast expression vector pMA230 codes for the 
phosphoglycerate kinase (PGK) promoter as well as the first 12 
amino acids of the PGK polypeptide*. The a-amylase cDNA 
was constructed using the dG/dC homopolymer tailing method 
and cloned into the PstI site of pBR322°. The plasmid 2128 
contains the entire protein-coding sequence as well as 5’ and 3’ 
untranslated regions. The insertion of the cDNA coding for the 
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a-amylase gene into the single Bam HI site of pMA230, making 


the plasmid 520 (Fig. 1a), creates a hybrid gene coding for a 


translational fusion product as shown in Fig. ib. From the 


sequence of the a-amylase gene (C.M.L., unpublished results), 


the polypeptide synthesized will have a total of 38 extra amino 
acids at its N-terminal end, coded for by the PGK gene, the 
normally untranslated a-amylase leader (in which there are no 


nonsense codons), the dG/dC homopolymer tail and DNA 


linker fragments (see Fig. 15). The a-amylase signal peptide is 
therefore not at the N-terminal end of the polypeptide. 


Another plasmid (528) was constructed in which the dG/dC 


tails, the 5’ untranslated region and almost all of the signal 
peptide coding region were deleted (Fig. 1a). As shown in Fig. 


1b, the polypeptide coded for by 528 should be 23 amino acids 


with °°S-methionine, the intracellular protein was 
immunoprecipitated with 
trophoresed on a SDS-polyacrylamide gel. Two distinct poly- 
peptide bands can be seen on the resulting autoradiograph shown 
in Fig. 2a. The larger polypeptide has an apparent molecular 
weight (MW) of 49,000 which is the expected value for the 
predicted fusion protein coded for by 520. The smaller polypep- 
tide is the processed form of the 49,000-MW protein (S.J.R., 
unpublished results) and is almost identical in molecular weight 
to mature in vivo labelled wheat a-amylase (42,000 MW), 
although the mobilities of the two differ slightly (Fig. 25, tracks 
A, B). This small difference may be caused by differences in 
other post-translational events such as methylation or glycosyl 
tion. When cells transformed with the plasmid 528 were labell 
with 2°S-methionine a single polypeptide 


no cleavage to a sma 
ation of label into a-amylase in cells carrying plasmid 528 is | 
considerably greater than that seen for cells containing plasmid 
520. To demonstrate that this is not due to a general increase 

in incorporation of the label into protein, the B subunit of the 
yeast mitochondrial ATPase was co-immunoprecipitated with 


longer than the wild-type mature wheat a-amylase. Plasmid 
521 (Fig. 1a) is the 
a-amylase gene was inserted in the wrong orientation to be, 
transcribed by the PGK promoter. 
plasmid were used as non-a-amylase producing strains. 


same as plasmid 520 except that the 





Yeast cells carrying this 
Yeast cells transformed with the plasmid 520 were labelled 
isolated, 
anti-a-amylase serum and elec- 






of the expected 


molecular weight (44,400) was immunoprecipitated by anti-a- 
amylase serum. As expected since the signal peptide is absent, 


ller protein is seen (Fig. 2c). The incorpor- 
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Fig. 1 Plasmids constructed to 
analyse «-amylase synthesis in yeast. 
a, A Pstl fragment from plasmid 
2128 (ref. 3) coding for the wheat 
a-amylase gene was lig: 





vas ligated into the 
vector pUC7 (ref. 7) to make 501. 
There are two BamHI sites in pUC7, 
with a single site in the a-amylase 
gene (C.M.L., unpublished results). 
A partial BamHI fragment was iso- 
lated from 501 and inserted into the 
single BamHI site of pMA230 (ref. 
4). Plasmid 520 is an insertion in the 
correct orientation for transcription 
and correct reading frame for trans- 
lation of the a-amylase gene by 
the yeast phosphoglycerate kinase 
(PGK) gene, while the @-amylase 





gene is inverted with respect to the 


_ PGK promoter in 521. The construc- 


Be tion of 528 involved the deletion of 
_. the dG/dC homopolymer tail, the 5’ 


untranslated leader and most of the 
signal peptide as follows: there is an 
Rsal site 302 base pairs (bp). from 
the Pst] site at the 5’ end of the 
a-amylase sequence in 501 (C.M.L., 
unpublished results). This Pst]~R sal 
fragment was isolated and partially 
digested with Heelll. There are 
three Haelll sites in this fragment 
~10 bp apart, with the largest 
Haelll~Rsal fragment being 75 bp 
long. This partial digest was ligated 
with Smal-cleaved pUC9 (ref. 7) 
and after transformation, a plasmid 
was isolated having the largest 
Haelll-Rsal fragment inserted into 
pUC9. The restriction map of this 
plasmid (525) at the sequence of 





LETTERS TO NATURE —————————————________ 





EBP HFR 8 i rer 


521 





BP H FR 


pMA230 


pMA230 


+A 
MSLSSKLSVAHLAGSVOLOGGOGSSPPSSE RAHTELKETMANKHKHLSLSLE 


; Bampuc?! C 
PGK protein linker seq. 


LVLUGLSA SLA SGGFS NWESWKHNGS - - 

















a- amyiase mature 
@- amylase sighat peptide protein 


AeA ma Anant Aman ibrar Neri 


a-amyiase 9’—non- 


PGK promoter fransioted sequance 









+ 


MSLSSKLSVQHLAGSPLSASLA SG OFNWESWKHNGG 200- 









a-amyluse mutere 


signal 
profan 


peptide 





interest was found to be the following: BamHI (from pUC9)-Smal/ Haelll (junction site)—Hint! (a-amylase)~Rsal/ Smal ( junction siteje = Be 
EcoRI (pUC9). The Hinfl site is 55 bp from the Haelll site. The reconstruction of the entire a-amylase gene involved isolating the oi 


ion involving pUC7 and pUC9. MC1061 (ref. 8) was used for all other transformations. Symbols: P; Pstl: 


E, EcoRI; ~>, direction of transcription of the PGK promoter, Note that the only Haelll and Rsal 


cleavage sites shown are those used in the construction. b, Predicted a-amylase translation products coded for by plasmids 520 and 528. The 
amino acid sequence at the N-terminal end of the a-amylase polypeptides coded for by 520 and 528 are derived from the DNA sequences: 
of pMA230 (ref. 4), various linker fragments (refs 4, 7) and of the a-amylase gene from 2128 (C_M.L., unpublished results). The latter sequence 
includes the dG/dC homopolymer tails and the 5’ untranslated region as well as the normal protein coding sequence. The site of cleavage of 
the wheat a-amylase signal peptide is predicted from the known cleavage site of the barley enzyme whose DNA sequence in this region is. 





a-amylase as an internal control (Fig. 26, c). The cytoplasmic 
y in cells containing plasmid $28 is about 10. 
times higher than when 520 is present (data not shown). No- 


a-amylase activit 


« 


detectable a -amylase was precipitated in cells transformed with oe 





_ The cleavage a 
similar in molecular weight t 
the possibility that 










olypeptide coded for by 520. to a size 
> the wild-type wheat protein raised 
ast cell was also secreting the a-  - 


“identical (P. Chandler, personal communication). 






the labelled polypeptides into the medium appears to be more 















amylase. To examine this, yeast cells transformed with 520 were _ 


labelled with *°S-methionine and then incubated with non- .. starch. There 


selective medium (YPDA 


a radioactive polypeptide of 
processed a-amylase was 
medium. Since the intracellul 
both unprocessed and proce 
peptide of intermediate mol 
seen), while the extracellul 
the processed. polypeptide, 
from the cell rather than 
_ rupture. One interesting 


) containing unlabelled methionine. a 
. The protein in the medium and the intracellular protein were — 
| Separately reacted with anti-a-amylase serum. As Fig. 2d shows, 
the same molecular weight as the — 
immunoprecipitated from the — 
ar cytoplasmic fraction possessed 
ssed forms (as well as a third poly- 
ecular weight that was occasionally 
ar medium fraction possessed only | 
the latter must have been secreted -thou 
appearing due to cell leakage or 
phenomenon is that the secretion of 










_ (Such colonies can aris 
-by selection on the rich 
- 528 was present the stare ht 
colonies themselves turned t more slowly. Thi 
presumably due either to slight leakage of the a-amylase 
of the cells or to cell rupture. There is 10 times as mu 
a-amylase in cells carrying 528 than in those bearing 520, eve 
e clearing zones are far larger for the latter. These 
= results show that the wheat a-amylase is secreted in a 
tionally active form. No noticeable halo was seen around. 
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containing 520 plated on selective medium (YGM). This agrees 
with less a-amylase polypeptide being immunoprecipitated from 
YGM medium than from a rich medium (see above). 

There are two main points about the secretion of the wheat 
a~-amylase in yeast. First, the wheat a-amylase signal peptide 
is recognized by the yeast-processing apparatus even though 
the signal peptide is not at the N-terminal end of the polypeptide. 
This process is slow, however (S.J.R. et al, unpublished results), 
presumably because the signal peptide is somewhat buried. The 
time taken to chase half of the labelled precursor to the mature 
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form was about 30-60 min. The second point is that the pro- 
cessed protein is secreted into the medium in an active form. 
The amount of enzyme secreted was variable and within the 
range of 30-60% of total activity. These results are likely to be 
of interest to the brewing industry since secretion of a -amylase 
from yeast cells is potentially useful in light beer production’. 
Yeast cells have already been shown to secrete animal secretory 
proteins’. The processing and export of a plant protein points 
to the general similarity of the eukaryotic secretory signals and 
processing apparatus. 








Fig. 2 «a-amylase polypeptides a b c d 
synthesized in yeast transformed | 
with plasmids 520 and 528. The yeast 
cells were labelled with `S- 
methionine, the cells lysed, the pro- 
tein immunoprecipated with anti-a- 
amylase serum raised in rabbits 
against the purified wheat enzyme, 
and electrophoresed on SDS-poly- 
acrylamide gels. a, 520 transformed 
cells labelled for 30 min with *°S- 
methionine. b, Track A-~ 520 trans- 
formed cells labelled for 30 min 
and then chased with unlabelled 
methionine for 90min, the 
protein being immunoprecipitated 
with antiserum against a-amylase 


49K | 


49K 42K | 





and the B subunit of the 

mitochondrial ATPase; track B, i 

vivo labelled wheat œ-amylase . . 

immunoprecipitated with anti-a- OA A BC. A B 
amylase serum; track C, labelled 


protein from yeast immunoprecipitated with only the anti-B-serum. e, Track A, 528 transformed yeast labelled for 30 min and then chased 
for 90 min, the protein being immunoprecipitated with both anti-a-amylase and anti-8-serum; track B, in vive labelled wheat a-amylase; 
track C, labelled yeast protein precipitated only with anti-B-serum. d, Track A, cytoplasmic a-amylase protein from 520 transformed yeast 
labelled for 30 min with °°S-methionine and then incubated with non-selective (YPDA) medium containing unlabelled methionine for 90 
min; track B, the growth medium protein immunoprecipitated with anti-a-amylase serum. Numbers indicate MW (x10°%). 
Methods: The yeast strain used for all these experiments was Mcl6 (a pe 2-3 his 4-712 ade 2~1 lys 2~1 SUF2) The e yeast media used were 
either YPDA (a non-selective, medium containing 1% yeast extract, 2% bacto-peptone, 2% glucose and 20 ug mi~? adenine} or YGM 
(selective medium containing 0.67% yeast nitrogen base w/o amino acids: 2% glucose and 20 pg ml’ adenine, histidine and lysine). Yeast 
protoplasts were transformed essentially as described by Hinnen et al”. Cells were grown to Asoo = 0.5 in YGM and then labelled with 10-20 
wCi **S-methionine in a volume of 200 yl. The intracellular protein was isolated by making protoplasts from the labelled yeast cells with 
zymolyase 60,000 in an 80-pl volume for 30 min and then lysing them by adding 20 pl 10% SDS and boiling for 3 min. After the addition 
of 1 ml of 1% Triton and 0.15 M NaCl, the insoluble material was removed by centrifugation for 15 min in an Eppendorf microfuge. 
immunoprecipitations were carried out as previously described’°. The proteins were electrophoresed on 10% SDS-polyacrylamide gels’ ', 
fluoresced using the PPO-~DMSO method’? and dried for autoradiography. In vivo labelled wheat a-amylase was prepared by first incubating 
embryo-less seeds for 36 h in 20 mM sodium acetate (pH 5.5), 20 mM CaCl,, 0.2% chloramphenicol and 2 2M gibberellic acid. The aleurone 
layer was scraped away from the endosperm and 10 aleurones were incubated for 5 h with 100 pCi *°S-methionine. The aleurone protein 
was isolated by grinding the tissue with sand in 2% SDS and then boiling for 5 min. After removing the debris, by centrifugation the a-amylase 
was immunoprecipitated as above. 





Fig. 3 Yeasts transformed with plasmids 520, 521 and 528 were streaked onto YPDA agar containing 1% soluble starch and 1 mM CaCl,. 
After colony growth, the plates were inverted onto beakers containing solid iodine, sitting in a 50 °C water bath. Clear patches indicate starch 
degradation, while the remaining starch turns a deep purple. 
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Trypanosomes which parasitize mammals have evolved 
mechanisms to evade immune attack, such as the occupation 
of ‘safe’ intracellular sites (for example, Trypanosoma cruzi), 
or antigenic variation, exemplified by the salivarian trypano- 
somes (for example, Trypanosoma brucei). Antigenic variation 
is mediated by sequential expression of single variant surface 
glycoprotein (VSG) genes, and often involves transposition of 
the active gene’, Every VSG transcript examined shares the 
same 5’ terminal 35-nucleotide leader sequence’”®, In T. brucei, 
this leader is encoded within a 1.4-kilobase unit tandemly 
reiterated to form a large array”. It is hypothesized?’ that 
a-this array is distantly linked to the expressed VSG gene and 
functions as a multiple promoter of VSG gene transcription, 
restricting transcription to that gene which, through genomic 
rearrangement, is placed downstream from the array. Leader 
and structural gene sequences are presumably juxtaposed by 
RNA splicing. Here we show that several trypanosomatids, both 
those which undergo antigenic variaton ( Trypanosoma con- 
golense and Trypanosoma vivax) and those which do not (T. 
cruzi and Leptomonas collosoma), contain reiterated sequences 
homologous to the T. brucei spliced leader (SL). These results 
suggest that the SL, although utilized in VSG gene expression, 
is an ancestral sequence also used in the expression of other 
trypanosomatid genes. 

We have examined several genera of T rypanosomatidae and 
several species of Trypanosoma for sequences homologous to 
the T. brucei SL by Southern analyses. F igure 1 shows restriction 
enzyme-digested DNAs hybridized with an end-labelled probe 
complementary to 22 residues of the 35 nucleotide SL. The 
probe hybridizes to 1.4 kilobase (kb) fragments in each of the 
T. brucei subspecies (lanes 2-4) and to a 1.5-kb fragment in 
the closely related species T. equinum (lane 1). Most of these 
1.4 (or 1.5) kb units, each containing one SL sequence, are 
directly and tandemly repeated”!®. In lanes 5-7 respectively 
the probe detects one major fragment in DNAs from T vivax 
(770 base pairs, bp), T. congolense (840 bp) and L. collosoma 
(640 bp), while in the complete digest of T. cruzi DNA (lane 
.. 8) it hybridizes to a series of fragments whose sizes are multiples 














fragments, the complete Hinfl digest (Fig. 2c, lane 3) Hil 
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Fig. 1 Identification of genomic sequences homologous to the T. | 
brucei VSG mRNA SL in several genera of Trypanosomatidae .- 
and several species of Trypanosoma. Lane 1, T, equinum, THRI- 
25; lane 2, T. b. gambiense, Treu 1257, VAT L27; lane 3, Th 
rhodesiense, ILRAD 1799: lane 4, T. b. brucei, IsTaR 1, VAT 
1.11°*; lane 5, T. vivax, I LRAD 1819, Sstil; lane 6, T. congolense, 
ILRAD 1180, Pvull; lane 7, T. cruzi; lane 8, L. collosoma, ATCC 
30261; lane 9, H. muscarum, ATCC 30260; lane 10, P. davidi, 
ATCC 30287; lane 11, L. tropica, NIH strain 173; lane 12, € 
fasciculata, ATCC 11745. The hash marks indicate A -Hindi and 
®X174-Haelll DNA size standards of 23, 9.6, 6.6, 4.4, 2.3, 2.0, 
1.4, 1.1, 0.87 and 0.60 kb respectively. rar 
Methods: DNA was isolated’, cleaved with the indicated restric. oe 
tion enzyme, size fractionated on a 1.0% agarose gel and transfer- 
red to a nitrocellulose membrane. This blot was hybridized with 
a synthetic 5’-[**P]-end-labelled probe? complementary to 22 of 
the 35-nucleotide T. brucei brucei SL. Hybridization was for 18 Bees 
at 37 °C in 5X SSPE (0.9 M NaCl, 0.05 M NaH,PO,, 0:005 M | 
Na EDTA, pH 7.4), 0.25% Sarkosyl with 2 x 106 c.p.m. of probe | 
per ml of hybridization solution. After hybridization, the blot was ie 
washed twice at 20 °C and twice at 37 °C in the same solution. Alls. = 
restriction digests were with Tag] except where indicated. 


of 650 bp. Longer autoradiography of lanes 9-12 (not shown) 
reveals slight but discrete hybridization to Herpetomonas mus- 
carum, Phytomonas davidi and Leishmania tropica DNAs, 
indicating that these genomes also contain a sequence related 
to the T. brucei SL. i ane: 

Surprisingly, two trypanosomatids which do not undergo anti- < 
genic variation and which are only distantly related to T. brucei 
namely T. cruzi (Fig. 2a) and L. collosoma (Fig. 2b), show the 
most related organization of SL sequences. Lane 1 of Fig. 24 
b shows complete DNA digests with BanII and Taq! respec 
tively. The SL probe hybridizes to a 650-bp fragment in T. cr 
and to a 640-bp fragment in L. collosoma. Partial digestion wit | 
these enzymes (Fig. 2a, b, lane 2) reveals a ladder of fragments 
whose sizes are multiples of the monomer size, demonstrating. 
that, as in T. brucei, the monomers are directly and tandemly. 
repeated. When these DNAs are digested with enzymes which 
do not cleave the monomer (null restriction, lane 3) hybridiz~. 
ation is primarily to the intact tandem array, although severa 
smaller fragments are also detected. In T. brucei? the majorit 
of such fragments are orphons'', that is, dispersed from t 
array of tandem repeats. pee 

The organization of SL sequences is more complex in T.t 
and T. congolense. Complete SstHI digestion of T. vivax D 
(Fig. 2c, lane 1) produces a 770-bp fragment plus several 
ments which hybridize less strongly with the SL probe. At 





some of these 770-bp fragments are organized in direct tanc 
repeats since partial SstII digestion (Fig. 2c, lane 2) lit f 
multiples of the 770-bp unit up to the heptamer, at which 
the pattern is obscured by other fragments. In addition to 
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Fig. 2 Organization of sequences 
homologous to the T. brucei SL in the 
genomes of T. cruzi (a), L. collosoma 
(b), T. vivax (c), and T. congolense (d}. 
Southern analysis using the SL probe 
was performed as described in Fig. 1. 
a, T. cruzi DNA (lane 1) completely 
and (lane 2) partially digested with 
Banll and (lane 3) completely digested 
with BstX1. b, L. collosaoma DNA (lane 
1) completely and (lane 2) partially 
digested with Tag] and (lane 3) com- 
pletely digested with Ddel. c, T. vivax 
DNA (lane 1} completely and (lane 2) 
partially digested with SstIl and (lane 
3} completely digested with Hinfl, 
(lane 4) Clall and (lane 5) Banll. d, 
T. congolense DNA (lane 1) completely 
digested with Poull, (lane 2) Haell 
and (lane 3) Hincli. 
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Fig. 3 The genomic SL reiteration units are species specific. Each 
of the three panels shows the blot of Fig. 1 rehybridized with a 
different probe. The samples are as in Fig. 1. Lanes 1-4, DNA 
from subspecies of the T. evansi/T. brucei complex; lane 5, T. 
vivax: lane 6, T. congolense; lane 7, T. cruzi, lane 8, L. collosoma ; 
and lanes 9-12, DNA from other trypanosomatid genera. +p. 
labelled hybridization probes were prepared from pTb-7A5 by 
nick translation and from the M13 clones by Kienow extension 
using the hybridization probe primer (New England Biolabs). The 
hybridization solution contained 5x SSPE, 0.25% Sarkosyl, 200 
ugl ml! salmon testis DNA and the post-hybridization wash 
solution was 1*SSPE, 0.1% Sarkosyl. Both hybridization and 
wash were performed at 65 °C. a, Probe: the T. brucei SL-repeat 
unit. Clone pTb-7A5 contains 1.3 kb of the 1.4-kb genomic repeat 
unit but not the SL itself’. b, Probe: the T. cruzi SL repeat unit. 
The 0.6-0.8 kb fraction of Sau3a cleaved T. cruzi DNA was cloned 
into the BamHI site of Mi3mp8. Clone mpTc-0.68C1) was iden- 
tified by hybridization with the SL probe. The faint hybridization 
observed in lanes 1-4 is the result of incomplete removal of 
pTb-7A5 probe from the previous hybridization. c, Probe: the L. 
collosoma SL-repeat unit. Clone mpLc-0.6T(1) was prepared and 
identified as above except that L. collosoma Taq! fragments were 
cloned into the Accl site of M1 3mpé. 
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monomers and dimers of the 770-bp unit indicating that some 
members of the tandem repeat lack Hinfl sites. The BanII (Fig. 
2c, lane 4) and Clall (lane 5) digests produce very similar 
patterns of hybridizing fragments but individual fragments are 
offset in size by 200 bp. Thus, although some SL units in T 
vivax are directly and tandemly repeated there is an overlaying 
complexity to the SL organization, 

SL sequences are also reiterated in the genome of T. con- 
golense (Fig. 2d). Hybridization of the SL probe to DNA 
digested with Poull (Fig. 2d, lane 1) reveals a single 840-bp 
fragment. Digestion with many enzymes reveals a pattern iden- 
tical to that produced by Haell (lane 2). The smallest hybridizing 
fragment in these digests is 840 bp and each of eight larger 
fragments differs by additions of 190 bp. In null digests (for 
example, Hincll, lane 3) the probe only hybridizes to large 
molecular weight DNA, suggesting that all the SL subunits may 
be linked. 

To see if the SL reiteration units of these species share 
"Sequence homologies in addition to the SL, we rehybridized the 

blot of Fig. 1 with a probe containing 1.3 kb of the 1.4-kb T. 

brucei repeat unit, but not the SL itself’. Surprisingly, even at 

stringencies much lower than shown here, only the SL repeat 
units of the T. brucei/ T. evansi subspecies hybridized (Fig. 3a). 

This blot was also rehybridized with probes. containing the 

cloned SL repeats of T. cruzi (Fig. 3b) and L. cellosoma (Fig. 

3c). In both cases, the probes hybridized to homologous DNA 
© only. Thus, although SL sequences are present in several try- 
' panosomatid species, the SL reiteration unit is species specific. 

The evolution of VSG sequences appears to be quite rapid??. 
For example, despite cross-hybridization within the T. brucei/ T. 
evansi complex, cDNA probes encoding 10 distinct VSGs of 
T. brucei subspecies do not hybridize to DNA of other try- 
panosomatids, even to the closely allied species T. congolense 
and T. vivax (G.N. et al. unpublished data). In sharp contrast, 
the data presented here suggest that the SL sequence is conser- 
ved among many trypanosomatids. Clear-cut hybridization of 
the SL probe to DNA of L. collosoma, a member of the most 
primitive genus of the Trypanosomatidae'’, indicates that the 
SL sequence predates the genus Trypanosoma, thought to have 
arisen in the Devonian period 300 Myr ago. 

Our findings that sequences homologous to the SL are reiter- 
ated in species which do not undergo antigenic variation implies 
that SL-like sequences have functions unrelated to antigenic 
variation and VSG expression. This hypothesis is supported by 
the observation that both T. cruzi and L. collosoma transcribe 

>} these sequences to produce discrete RNA size classes which 
gu ybridize with the SL probe (R.G.N. and M.S., unpublished 
_ results). In addition, the SL is heavily transcribed during the 
procyclic stage of the T. brucei life cycle when VSG transcripts 
and VSGs are undetectable'*"*, We have also isolated many 
non-VSG clones containing the SL (but not the 1.4-kb SL repeat 
unit) from T. brucei cDNA libraries. Unlike VSG genes, the 
transcription of these sequences is neither variant antigen type 
specific nor specific to a life-cycle stage. Thus the SL, whatever 









its role in VSG gene expression, also functions in the expression. 


of non~VSG genes. 

We hypothesize that SL-like sequences, or the reiterated SL 
units, contain regulatory signals used by many trypanosomatid 
genes. If the SL functions to regulate transcription, it is expected 
to be linked to these genes. In this regard a leader sequence 
partially homologous to the SL has been found directly 5’ to T. 

brucei a-tubulin genes (S. Sather et al. unpublished results). In 
“contrast, no SL sequences are found within 20 kb of expressed 
VSG genes and no VSG precursor mRNAs larger than 5 kb 
have been observed. Such results raise the possibility that the 
SL may be added onto mRNAs either during transcription, as 
with influenza virus, where capped 5’ terminal host cell mRNA 
fragments are used to prime viral transcription"’, or after tran- 


scription, by a novel intermolecular process. In any case, the | 


SL might function to regulate mRNA half life, localization or 
translational efficiency. 


l _ We thank Dr Jack Doyle for the ILRAD trypanosome stocks, 


doindeed havean effect on albumen foam stability. When 60 
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Foams of chicken egg albumen have been an important element 
in Western cuisine for at least 300 yr’; they lower the density | 
of such otherwise ponderous preparations as soufflés and sponge 
cakes, and in the heat-annealed form known as meringues they 
support or crown various sucrose-rich mixtures. The raw pro- 
tein foam is delicate and easily ruined by overbeating. Over 
the past 200 yr, protocols for the production of albumen foams _ 
have frequently specified the use of copper reaction vessels". _ 
In keeping with the line of thought that holds culinary practice 
to be worthy of philosophical and scientific analysis™*, we have 
investigated the nature and consequences of the copper pro- 
tocol. We report here that copper utensils reduce the danger 
of overbeating albumen foams, and propose that the mechan- — 
ism involves the metal-binding protein, conalbumin | 
(ovotransferrin). ce 
When proteins are adsorbed at the air—liquid interface ofa 
foamed solution, the local imbalance of forces. breaks _ 
intramolecular. bonds; subsequent. intermolecular bondi f 







creates a protein film that stabilizes the foam’. Howe 
denaturation and coagulation proceed too far, the foam ‘il 
drain liquid and collapse. Some resistance to surface denatura- — 
tion is necessary if a protein is to produce a long-lived foam’, 
The film in foamed chicken egg white appears to involve only 
conalbumin, the globulins and ovomucin!'. Conalbumin, which ~ 
is homologous to the human iron-transporting protein transfer- 
rin, binds Cu*” as well as Fe** (refs 12, 13). Both metal-p 
complexes are more resistant to various denaturing tre 
than native conalbumin'*'*, The use of copper utensils 
egg whites could lead to formation of the copper-con: JU 
complex, whose stability might prevent excessive s 
denaturation and rapid foam collapse. ee 
To test this hypothesis, we first verified that copper ut 






















samples of egg white were beaten by hand (3-4 strokes s') in 
glass or unlined copper bowls, stiff peaks” were obtained aft 








3.5-4.0 min in the former, and after’7.0 min in the latter. The 
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Fig.1 The spectral behaviour of fresh egg whites beaten in various 
conditions. A, The whites of six extra large grade AA chicken eggs 
(Ranch Pak, San Leandro, California), pH 9.2, were mixed at 
23°C; 20-ml samples were beaten briefly (2 min) with a stainless 
whisk, and the clear, non-scattering liquid phase analysed with a 
Perkin-Elmer 356 spectrophotometer, interfaced with a Hewlett- 
Packard 1000 F Series computer. a, Unlined copper bowl 
-. (Williams-Sonoma, Palo Alto, California); b, glass bow! with added 
CuCl, (0.42 mM); c glass bowl with added FeCl, (0.42 mM); d, 
glass bowl with egg white only; e, FeCl, (0.42 mM); f} CuCl 
(0.42 mM). Salt concentrations were based on a calculation of the 
total number of metal-binding sites (two per molecule of conal- 
bumin'*) available in egg white”. The curves are displaced for 
clarity. All spectra were close to zero absorbance at 600 nm. All 
curves were obtained at the same instrument sensitivity. As a 
reference, the maximum absorbance for curve a was near 0.5 A 
units. B, The spectral behaviour of fresh egg whites supplied with 
equimolar (0.42 mM) amounts of FeCl, and CuCl,. Egg white 

7 (40 ml) was beaten briefly (2 min) with the added salt solutions. 
o A small portion of the clear, non-scattering liquid phase was 
~~ analysed (curve a) as in A. The remainder was beated to the stiff 
¿peak stage’, and the clear, non-scattering drainage analysed (curve 
b). Curve c is curve a subtracted from curve b, amplified by a 
factor of 4 and displaced for clarity. Maximum absorbance of curve 
a occurs at a wavelength ~9 nm lower than the iron-conalbumin 
peak in A; the maximum of curve b is ~6nm lower. Curve c 
demonstrates the relative enrichment of the iron complex in the 

foam drainage. 


sample beaten in glass became grainy within 1 min of forming 
stiff peaks and drained 10 ml of fluid on standing for 10 min, 
whereas the sample beaten 2 min past the stiff peak stage in the 
copper bowl had few grains, and drained only 1 mi in 20 min. 
Fluid loss was similarly attenuated when CuCl, (0.42 mM final 
centration) was beaten with egg whites in a glass bowl. 
-Absorption spectra provided evidence for formation of the 
copper-conalbumin complex when egg whites were beaten in a 
copper bowl or in the presence of CuCl, (Fig, 1A). The copper- 













nalbumin complex is yellow and has a characteristic broad 


-absorption band with a maximum at 43 
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9 nm'®. When FeCl, was 


ximum at 439° 
added to egg whites, the reported peak at 462 nm for the 
salmon-coloured iron-conalbumin complex was found'’. The 
broad, weak absorption in the spectrum of untreated egg white 
is probably due to a flavoprotein'®, though a small amount of ~ 
the iron complex may be present ab ovo. - i 

In contrast to the copper-conalbumin complex, the iron- 
conalbumin complex is not associated with foam stabilization. — 
Egg whites beaten with FeCl, (0.42 mM) into stiff peaks drained 
fluid rapidly (13 ml in 10min). However, when equimolar 
(0.42 mM) amounts of FeCl, and CuCl, were supplied, the 
resulting foam was stable (<1 ml drainage in 25 min). The 
composite absorbance peak (Fig. 1B) produced by this mixture 
demonstrates that despite an estimated disadvantage of 10°° in 
dissociation constants'’, Cu?" binds to conalbumin in the pres- 
ence of presumably saturating amounts of Fe°”. It has been 
reported that Cu?* reacts with the purified protein more rapidly 
than Fe?* (refs 17, 18), though very rapid binding of Fe?” has 
also been observed’. : | 

Our hypothesis requires that while the copper-conalbumin 
complex is more difficult to denature than the native protein, 
it must still be somewhat susceptible to surface denaturation in 
order to participate at all in the foam-stabilizing film. One 
possible interpretation of the disparate effects of the two metals 
is that the iron complex, which is considerably more stable than 


the copper complex'*, cannot be surface-denatured under os- 


culinary conditions, and therefore cannot play any part in foam 
stabilization. To test this idea, we compared the spectrum of 
egg whites supplied with both Fe?” and Cu** with the spectrum 
of the drained liquid from the resulting foam (Fig. 1B). Both 
the difference spectrum and the shift in maximum absorbance 
towards the iron-complex peak indicate that the copper complex 
is preferentially retained in the foam. 

Thus, it takes longer to beat egg whites to a given consistency 
in a copper bowl than it does in glass, but copper improves the 
foam’s resistance to breakdown and so makes it more forgiving 
of a cook’s inattention. On the basis of the spectral evidence 
reported here, we propose conalbumin as a possible agent for 
the foam-stabilizing influence of copper on egg whites. However, 
other albumen proteins may also be involved, Copper may react 
with their sulphydryl groups to form mercaptides and so inter- 
fere with disulpide cross-bridging (P. R. Azari, personal com- 
munication), which seems to be involved in the production of 
egg albumen foams”’. Also, it is known that copper irreversibly 
inactivates lysozyme, one of the globulins retained in the foam, 
and that iron does not. == ee oe 

We thank P. R. Azari and Joseph A. Berry for helpful di 
cussions, and Glenn Ford for assistance with data analysis. This 
is publication number 832 of the Department of Plant Biology, 
Carnegie Institution of Washington. 
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TWENTIETH-century physics has been one 
long sequence of unresolved questions. Are 
its elementary objects — light signals, 
atoms, electrons, quarks — particles or 
waves? In 1925, the definitive answer was 
given: ‘‘yes’’! In so far as one of these 
objects is a particle, is it in a definite place, 
or can it be in several places at once? In 

1927, Heisenberg plumped for the latter, 

but also said that an observation put it in 

one definite place. So what does this imply 
about reality? Does it mean the elementary 
objects of physics are not real? Or does it 
mean the space and time in which they exist 
is not real? 

Physicists, especially Anglo-Saxon ones, 

y nave tended to shrug off such ‘‘metaphysi- 

| cal’? questions, and to listen to philoso- 

~ phers only when they tell us we are right to 
shrug them off. Thus Wittgenstein 

(“Whereof we cannot speak, thereof we 

must be silent’’), or the positivists of the 

Vienna Circle, are quoted with approval, 

whilst the realist statements of Karl Popper 

(in, for example, his Postscript to the Logic 

of Scientific Discovery) are ignored. But 

there were always a few physicists, includ- 
ing such substantial thinkers as Planck, 

Einstein, Ehrenfest, Schrédinger and de 

Broglie, who stubbornly insisted on posing 

these questions. With Planck and Einstein 

it could hardly have been otherwise, since 
both played crucial roles in establishing, in 
defence of Boltzmann, the reality of 
atoms, which involved a decisive rejection 

».0f Ernst Mach’s positivism. 

@. It is now a whole generation since a 
“physicist or philosopher of such stature 
addressed these questions seriously. 
Positivist physicists have retreated into 
their mathematical formalism, allowing a 
bowdlerized version of their position to be 
peddled by out-and-out mystics such as 
Fritjof Capra (The Tao of Physics) and 

Gary Zukav (The Dancing Wu Li Masters). 

Realists have had to make do with ageing 

survivors of the heroic era, of whom now 

only Louis de Broglie and Kar! Popper 
remain. 

There is, nevertheless, some revival of 
interest in the ontological questions of 
ysics. This is due in large part to John 
Bell’s rediscovery, in 1965, of Einstein, 
Podolsky and Rosen’s paper of 1935. 
These authors proposed an experimentally 
testable property — locality — which they 
considered the real objects of physics must 
have. As a result of Bell’s efforts, experi- 
mental design has now improved to the 
stage where a test of this property is on the 
verge of being feasible. | 

Bernard d’Espagnat’s book is a product 














of this revival. Its original, French version 
received front-page coverage in Le Monde. 
While it deserves wider attention from the 
anglophone world than a brief review in 
Nature, it may confidently be predicted 
that it will not make the front pages of our 
national newspapers. In some ways this isa 
pity. It could well turn out that English- 
speaking physicists will miss some very 
fundamental science through their con- 
tempt for philosophy. In writing this book 
d’Espagnat is continuing the efforts of his 
Conceptual Foundations of Quantum 
Mechanics, published by Benjamin in 
1976, which drew many of the ontological 
problems to their attention. Though 
certainly not easy reading, this new book 
addresses a much broader audience. 


The book has one outstanding virtue. it 


says very clearly why science has a responsi- 
bility to concern itself with reality, and, 
therefore, why positivism, or ‘‘the philo- 
sophy of experience” as d’Espagnat calls 
it, is inadequate: 

If the rumor were now to spread that... 
science ultimately misses reality or should not 
bother with it, then, undoubtedly, the portion of 
truth that such an assertion contains would at 
once be simplified and distorted by thousands of 
commentators ... very happy to be able to 


justify some superstition or some momentary 
fashion [p.95]. 


He can say that again! 

When he comes to offer a realist alterna- 
tive, d’Espagnat is, however, far less con- 
vincing. This is because he is anxious to 
argue for a particular form of realism— 


non-physical realism or veiled reality —_ 


and against physical realism, represented 
above all by Einstein, but also by today’s 
dominant school in the biological sciences. 
The latter he obviously considers 
particularly easy meat for his grinder, for in 


caricature suggests. Indeed, I would s 










caricature of the biological 
operating within a materiali 
which the wise physicist discar 
years ago. This is a common enough i 
(see for example Freeman- Dys ; 
Disturbing the Universe), but mos 
biologists understand the distinction 
between life and consciousness quite wel 
so they are a good deal humbler than 1 thi 


that they are a good deal humbler, ae 
regarding the problem of consciousness, 
than d’Espagnat himself. What they do 
tend to reject, with good reason, isanimism 
(the idea that every electron has a bit of | 
consciousness), on which d’Espagnat ae 
(Chapter 10) seems notably soft. o0 ooo 

But, finally, the main target in Bernard ae 
d’Espagnat’s sights is Albert Einstein and 
the physical realism which he so firmly o 
advocated. Here also there is a strong ele- 
ment of distortion, but it would be unkind _ 
in this case to call it caricature, because 1 
suspect that it has been done unwittingly. 
The “‘realist’’ analysis of a two-body decay _ 
process, which d’Espagnat gives in 
Chapter 4 and Appendix I, limits very — 
narrowly the range of models of a local — 
realist type. It is a comparatively easy 
matter to construct an experiment which 
refutes models from within this range. To — 
claim, as does d’Espagnat repeatedly, that 
any philosophical position, let alone that _ 
of Einstein, has been thereby rendered . 
invalid, is a gross intellectual indulgence. 
The point d’Espagnat has overlooked is 
that, if we leave the narrow domain of © 
determinist theories, there is no difficulty. 
at all in explaining the data obtained inthe — 
experiments so far performed. Needless to: 
say, such experiments use real detectors, 
with approximately 20% efficiency, and 
not the ideal ones, with 100% efficiency, | 
described by d’Espagnat. 

I would conclude that Bernard 
d’Espagnat has made out a convincing case 
for going out in search of reality. But he has 
probably not found it because he refused to 
look in some of the places where it is most 
likely to be. Bi 





Trevor W. Marshall is a Lecturer in Mathema- . 2 


Chapter 5 he constructs a an utterly unfair | tics at t the University of Manchester. 
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Mascara on the face 
of the Earth 
Andrew Hill 





The Pleistocene: Geology and Life in the 
Quaternary Ice Age. 

By Tage Nilsson. 

Reidel/MTP Press: 1983. Pp.650. Df. 265, 
$115, £67.25. 


My former professor of geology has been 
known to refer to the Pleistocene as ‘‘a 
geological cosmetic’, a superficial and 
possibly deceptive covering to the meat and 
bones beneath. Yet although study of the 
deeper anatomy forms the bulk of 
geologists’ work, there is much to be said 
for the surface smear. Even if the rocks of 
this period are in a sense superficial geo- 
logically, from the point of view of life they 
are more fundamental — preserving 
important evidence about the establish- 
ment of present-day plants and animals, 
and recording the increasing involvement 
of human beings with the ecosystem. 

The Quaternary is a good instance of the 
historical legacy of a discipline controlling 
to a great extent the way evidence is 
collected and viewed. Penck and 
Bruckner’s scheme of glacials and inter- 
glacials, based on the Danube, was 
gradually extended to a Eurocentric 
conception of the whole world. Work in 
the past few years has led to a greater 
appreciation of the complexity of the 
situation and a realization of the inade- 
quacies of the simple traditional interpre- 
tation. The new awareness has grown 
principally from extensive deep-sea investi- 
gations — a part of the Earth less 
encumbered by classical stratigraphy and 
notions — but also from a more detailed 
examination of terrestrial evidence in 
Europe and elsewhere. Previously there 
was a tendency to believe that naming con- 
stituted understanding and knowledge, 
whereas more stress is now placed upon 
process and on the interrelationships 
between different classes of data. 

Tage Nilsson’s The Pleistocene, a trans- 
lation and extensive revision of an earlier 
Swedish textbook, reflects the con- 
ventional taxonomic approach. In some 
ways it may be regarded as a narrative 
dictionary, which is not to suggest that it is 


New in paperback 


@ The Self and its Brain: An Argument for 
Interactionism by Karl R. Popper and John C. 
Eccles (issued by Routledge & Kegan Paul, price 
£7.95, $14.95). The book was originally 
published by Springer-Verlag in 1977, and was 
reviewed in Nature 272, 770; 1978. 


@ Scientific Temperaments: Three Lives in 


Contemporary Science by Philip J. Hilts (issued 


by Touchstone, animprintof Simon & Schuster, | 


New York, price $7.95). For review see Nature 


302, 767; 1983. z 
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dull, On the contrary, it is an account i S; 
literature, the emphasis being on the strati- 


which although terse is readable and con- 
sistently informative. Beginning with a dis- 
cussion of basic concepts, the Tertiary 


background and developments leading to 


the Ice Age, and lower boundary problems, 
Nilsson goes on to deal with the key areas 
of the Alps and Italy, the British Isles and 
the rest of Europe, before describing other 
continents and the oceans. Where 
appropriate, each section includes a treat- 
ment of the mammalian faunas and human 
fossils. The sections on human palae- 
ontology and archaeology, while accurate, 
are traditional and not particularly 
profound. There are systematic reviews of 
the Quaternary mammals and a classi- 
fication of the vascular plants that are dis- 
cussed. The book is also traditional in the 
sense that it has the usual European 
emphasis. About 250 pages are devoted to 
Europe, whereas Africa merits only 23, and 
Asia only 25. Admittedly these areas are 
less well documented than Europe, but 
even North America, where much work has 
been carried out, is represented by only 50 
pages. 

Nilsson’s objects are to provide an 
account of progress in research and of 


Better spectroscopy 
D.W. Turner 


Introduction to Photoelectron 
Spectroscopy. 

By Pradip K. Ghosh. 

Wiley: 1983. Pp.377. £52.25, $55. 








AN EARLIER volume by Pradip Ghosh, A 
Whiff of Photoelectron Spectroscopy 
(Wiley, 1978), proved to be an interesting 
and stimulating book both for experts in 
the field and for those about to enter it. 
Though somewhat idiosyncratic in style, it 
was obviously the work of an enthusiast. 
Perhaps the present volume is to be seen 
both as an introduction to what is now a 
very broad subject and a standard research 
text. The author has had the opportunity to 
build upon his earlier volume, expanding 
the areas where coverage was less than full 
and improving the order of presentation. 
After an introductory chapter, there is 
an account of experimental techniques 
which occupies some 10% of the book. It 
has to be said, however, that this is perhaps 
the least critically written chapter and does 
not compare with the thoroughness of 


some of the later sections, notably the more | 


theoretically inclined ones. Separate 
chapters then deal with the principal 
phenomena observed in core and valence 
shell photoelectron spectra. The first of 
these topics is the more systematically 
treated, proceeding through core binding 


energies and chemical shift theories (with 


Mossbauer chemical shifts), and a small 
selection of illustrative applications, to brief 





current problems, and a guide to the 


graphical and palaeontological aspects 
including the evolution of human beings 
and of culture. In this he largely succeeds: 
It would be good to have the same data ~ 
integrated more analytically around 
questions of process and interrelation- 
ships, and in terms of hypotheses about 
geological, biological and climatic change; 
that, however, would be a different book. 

As itis, The Pleistocene provides a good 
historical background, is generally up to 


- date and contains a comprehensive biblio- 


graphy of over 2,000 items. And while the 
illustrations sometimes serve more the 
needs of ornamentation than of 
instruction, there are alot of them. Ina text 
of this generality and scope specialists are 
bound to find points of fact or emphasis to 
quibble with, but taken as a whole it is an 
impressive achievement that should be of 
great value to the many geologists, 
biologists and other scientists who are held 
in fascination by the intriguing mascara on 
the face of the Earth. 0 
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Andrew Hill is a Research Fellow at Harvard 
University. 


mention of shake-up and shake-off 
processes and collective resonances. 

The phenomena observed in valence 
photoelectron spectra are so much more 
complex, however, that a comparable 
systematic treatment has not proved 
possible, and instead the author has picked 
out some of the main areas of interest from 
the literature of the past 25 years. Unfor- 
tunately his summary is really quite 
uncritical. In consequence this is a tanta- 
lizing, stimulating and sometimes frus- 
trating section, but one which an advanced 
chemistry student with a well-developed 
critical faculty could well be advised to y 
read. Bi 

The second half of the book divides 
between discussion of application to solid 
surfaces and a consideration of some of the 
more fundamental aspects of photoioni- 
zation. One of the most useful sections is 
that containing the references and notes, 
which are collected together at the end of 
the book, organized by chapter and topic, 
though these occasionally appear to be 
afterthoughts which could more usefully 
have been included in the text. 

Altogether this is a useful and helpful 
text. Itisa considerable improvement on its 
predecessor, but not suf ficiently systematic . 
to be treated as a standard work on the 
subject since there are a number of 
important topics which are simply omitted 
or only cited briefly; for example, Jahn- 
Teller and Renner-Teller effects, which are 
particularly importagt in valence shell 
photoelectron spectroscopy, are mentioned 
only in passing and not explained. i: 





D.W. Turner is Reader at the Physical 
Chemistry Laboratory, University of Oxford. 
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~ Sheep and Man. 
By M, L. Ryder. 
Duckworth: 1983. Pp.846. £55. 
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THE sheep — symbolic creature of docility, 
sacrifice and stupidity. But our psycho- 
logical assessment of this animal pays scant 
respect to its enormous economic import- 
ance, Not only were sheep among the first 
animals to be domesticated, they still 


sustain millions of people with their 
products of milk, wool and meat. 

In Sheep and Man, Michael Ryder has 
produced a truly comprehensive book 
which covers every aspect of the historical 





Long, long trail awinding: = -=~ the traditional 
rotation of pastures in Switzerland, sheep 
returning to the valleys after spending summer 
grazing on the mountains, 

development of this particular relationship 
between man and beast. For archaeolo- 
gists, for historians and sociologists 
dealing with rural societies, for ethnolo- 
gists, for farmers with an interest in 
history, for veterinarians and to a certain 
extent also for biologists, this book will be 
aseemingly inexhaustible mine of informa- 
tion about sheep and their exploitation 
during prehistoric and historic times. The 
who, what, when, where, why and how of 
domestication are dealt with, and the 
changes after domestication are covered. 
There is an account of the spread of sheep- 
husbandry from its original centre in south- 
west Asia towards the Mediterranean and 
into Europe, and also a long chapter on the 
-. sheep of the ancient civilizations. 


BOOK REVIEWS 


The first part of the book deals with pre- 
historic and early historic times, the second 
part with the period from the Middle Ages 
to recent times. After dealing with 
nomadism, transhumance and other types 
of husbandry systems, Ryder gives a geo- 
graphical overview, starting with the 
countries of the Middle East, then passing 
through Asia, Europe and Africa to the 
Americas, Australia and New. Zealand. 
Types of sheep, their products and the 
many different ways to obtain and handle 
these products are illustrated and described 
with all the knowledge of a scientist who 
has devoted most of his work to the history 
of this animal, and who is able to offer the 
reader an incredible amount of detail. 

The third and final part concentrates the 
information under more generalized 
headings: husbandry and sheep products 
are summarized and the text concludes 
with a chapter on ‘‘The Sheep Legacy’’, 
including Ryder’s assessment of the future 
direction of the sheep-man relationship. 
An appendix with a chronological list of 
illustrations covering the time between 
about 5000 BC and the last century is as 
useful as the vast bibliography, which con- 
tains more than a thousand references. An 
exhaustive index makes the encyclopaedic 
character of the book complete. 

As usual with works such as this, the 
specialist will cavil at certain points — he 
will not agree with some generalizations, he 
may find some details superfluous and 
others missing. No full account of my own 
disagreements can be given here, but it 
would not seriously diminish the value of 
Sheep and Man. Even the fact that the 
ideas on the beginnings of sheep domesti- 
cation have moved on since the pertinent 
chapters of the book were written, is miti- 
gated by Ryder’s complete description of 
the earlier views. Sometimes, however, 
confusion is caused when reference to new 
publications is made in one instance, but 
not in others referring to the same topic. 
For example, it is noted on page 14 that the 
mouflon is now regarded as an early 
escapee, as a feral animal brought to the 
Mediterranean \islands by Neolithic man 
as an already domesticated animal. Later, 
though, the possibility is discussed that the 
European mouflon might be among the 
wild ancestors of sheep. In my view most 
claims of the existence of an indigenous 
wild sheep in Europe are highly 
questionable, both with regard to the 
stratification of the respective finds and to 
their identification. 

It will always be the fate of books with 
some 800 densely printed pages that their 
early parts will be somewhat dated when 
the last word is written. Most of Ryder’s 
book cannot become outdated, however. 
In its painstaking compilation of facts, 
Sheep and Man is a feat of scholarship 
which will itself become a major historical 
source, Cl. 





Hans-Peter Uerpmann is at the Institut für 
Urgeschichte, Unversity of Tübingen., 
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An omnibus for the 


immunologist 
A.J. Munro 


Fundamental Immunology. 
Edited by William E. Paul. 
Raven: 1984. Pp.809. $80. 





OVER the past few years there has been an 
explosion of information pertinent to 
jmmunologists. The advent of recom- 
binant DNA technology, monoclonal anti- 
bodies, and the cloning of functional 
subsets of lymphocytes has greatly acceler- 
ated the rate at which new facts are dis- 
covered and has made possible experiments 
that were beer talk a few years ago. 

This presents acute problems for authors 
or editors of textbooks, who may tackle the 
difficulties in one of two ways. The first is 
to produce a relatively short, inexpensive 
volume attempting a synthesis of the 
subject and aimed at the undergraduate. 
The alternative is to compete with the 
. growing number of review journals and 
book series, such as Immunology Today 
and Annual Reviews in Immunology, and 
produce a more detailed, advanced text- 
book suitable for postgraduates. This 
second approach requires a firm editor to 
ensure uniformity of style and a balanced 
coverage of the subject, but the risk is that 
the end result will be a cumbersome book 
that prices itself out of markets. 

Fundamental Immunology is a textbook 
of this latter sort. It is a big book in every 
sense of the word; in thirty chapters, the 
fifty two contributors have produced more 
than half a million words and over three 
thousand references and there are still areas 
of the subject that they have not discussed. 
Overall, the declared emphasis is on basic 
immunology: the molecules and cells that 
make up the immune system and how they 
- interact with each other. As to be expected, 


there is very little discussion of any of the 


clinical aspects of immunology. Most of 
~ the chapters are very well written in an 
> attractive discursive style and make 


sensible use of original data to illustrate key 
points. 
The best section of the book covers the 







‘major histocompatibility complex and its 
role in the immune response: one of the 
-most complicated parts of immunology. 


ee The clarity and coherence of this section 


may stem from the fact that all four 
-<-ghapters were written by colleagues 


~ working in the same institute. Some of the 


a _ chapters include a few 1983 references but 
< the bulk of the text seems to have been 


-written in 1982 or early 1983; with such a 


k rapidly moving subject, it is unwise for the 


publisher to promote the volume as “the 
definitive textbook’? as certain chapters 


-already look dated. 


Nonetheless, there is no doubt that this 


hook is a success. By providing in one | 
volume a well balanced set of articles cover- 


a ing most aspects of basic immunology, it 
contributes much more to the teaching of 


the subject than review journals. Further, 
the editor has taken great pains to ensure 
that the book can be approached by 
students taking advanced courses. The 
only weak aspect is the index which is 
inadequate for a volume of this size. 

My main complaint, however, is that the 
book costs so much and I suspect that the 
publisher is aiming primarily at the library 
market. Surely the costs could have been 
kept down; the book would have benefited 
from being 15% to 20% shorter, and is it 
really sensible to use such high quality 
paper for a volume that will be superseded 
in five or six years? However, the high price 
should not be allowed to deter libraries 
from buying one or several copies of this 
useful book. G 





A.J. Munro is Reader in Immunology in the 
Department of Pathology, University of 
Cambridge. 
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and Related Phenomena: A Catalog 
of Geophysical Anomalies. 

Compiled by William R. Corliss. 

The Sourcebook Project, PO Box 107, 
Glen Arm, MD 21057: 1983. Pp.214. 
$12.95. 
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How EASY it is to pick up a book, scan the 
title and arrive at a judgement of its 
contents without reading further. This 
could easily happen with Earthquakes, 
Tides, Unidentified Sounds and Related 
Phenomena. For can such a vast subject be 
comprehensively covered in a volume of 
just over 200 pages? The answer is, of 
course, no. But this in fact is only one of 
four volumes by Corliss devoted to geo- 
physical phenomena. Eventually there will 
be at least 25 similar volumes cataloguing 
numerous ‘‘anomalies’’ observed in 
nature, all published under the auspices of 
the Sourcebook Project. 

What Corliss is attempting to do as part 
of the Sourcebook Project is to scour the 
English-language scientific and semi- 
scientific literature — mainly material 
published in the United States and Britain 
over the past 150 years — to extract, assess 
and categorize all observed and reported 
anomalous phenomena with particular 
emphasis on those not readily explained by 
prevailing scientific theories. Corliss’s aims 
are to collect and consolidate much of the 
unknown and poorly explained to facilitate 
future research and explanation. Such a 
task demands not only a wide scientific 
knowledge but considerable foresight and 
planning as to how the phenomena should 


be categorized and presented in an easily | 
accessible form. If all succeeding volumes — 


‘anomaly initially into subject matter (e.g. 


of the catalogue are as well organized as 
- this one on geophysics, then the work as a 


whole will satisfy these requirements. 
The plan for the series is to classify each 






geophysical, chemical, astronomical etc.). 
Subsequent classifications are determined 
by properties directly attributable to the 
anomaly, e.g. sound, magnetic and so 
forth. A simple mnemonic lettering system 
(e.g. G= Geophysical) followed by a 
numeral is used to uniquely identify and 
catalogue the anomaly; this makes 
indexing and cross-referencing a relatively 
simple procedure. Once classified, the 
anomaly is further rated on a scale of lto4 
on the basis of the quality of the obser- 
vations, to indicate whether, in the 
author’s opinion, there is a high proba- 
bility that the anomaly was a true 
phenomenon or not and whether the data 
are unacceptably poor. A similar scale is 
used to rate the quality of the explanation 
of the anomaly. 

The phenomena catalogued in this latest 
volume are collected under three principal 


headings: the hydrosphere, earthquakes <> is 


and unusual sounds in nature. All obser- 
vations of water-related phenomena such 
as typhoon waves, geysers, tidal bores, 
ocean turbulence and freak wave activity 
are included in the hydrosphere section. 
The abundance of strange phenomena 
before, during and after earthquakes are 
adequately covered, though many 
scientists would argue with some of the 
conclusions presented here. Finally, the 
section on acoustic phenomena lists reports 
of strange acoustic emissions including 
those associated with auroral activity and 
winds in the desert. 

For a catalogue, the book makes sur- 
prisingly interesting reading. Each 
phenomenon is fully described, 
occasionally with diagrams and figures. 
Additional background information, 
assessments and possible explanations aif 
given as well as specific details of similar o i 
related phenomena: Numerous. obser- 
vations are reported in detail with an 
extensive list of references dating back to 
the mid-nineteenth century. Such aged 
documentation regrettably makes verifi- 
cation of some observations difficult. 

My main criticism of the project is one of 
semantics. It would have been better if, 
throughout the catalogue, each event was — 
described as a phenomenon rather than an 
anomaly; what the author has described as 
an anomaly may, in reality, be a normal 
and predictable occurrence albeit a 
extremely rare one. There are inevitabl 
other shortcomings, which may be due toa 
lack of consultation with appropriate 
experts. But on the whole Corliss has been 
successful in producing a book which may 
be of interest to both the casual browser 







andthe specialist. oO 
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P.M. SIEGEL. Thorsons: 1983. Pp.246. Pbk ISBN 
0-7225-0844-1. £3.95. . | 

Kongur: China's Elusive Summit. By C. 
BONINGTON. Hodder & Stoughton: 1983.. Pp. 224. 
ISBN 0-340-26514-0. $19.95. 

Landscapes of the Night: How and Why We Dream. 
By C. EVANS. Gollancz: 1983. Pp.254. ISBN 
0-5 75-03 104-2. £7.95. . 

Language Production, Vol.2: Development, Writing 
and Other Language Processes. R. BUTTERWORTH 
(ed.). Academic: 1983. Pp.320. ISBN O- 12-247502-6. 
£25, $45. 
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Liquid Filtration. By N.P. CHEREMISINOFFE and 
D.S. AZBEL. Ann Arbor: 1983. Pp.$20. ISBN 
0-250-40600-4. £55. - ale 

Molten Salt Techniques, Vol.1. D.G. LOV ERING ~“ 
and R.J. GALE (eds). Plenum: 1983. Pp.272. ISBN 
0-306-41307-8. 339.50. 

The Nature and Treatment of Hypothermia. R.S. 
POZOS and L.E. WITTMERS Jr (eds}. Croom Helm: 
1983. Pp.277. ISBN 0-7099-2045-8. £22.20. 

Newer Concepts in Nutrition and Their Implications 
for Policy. P.V. SUKHATME (ed.). Maharashtra 
Association for the Cultivation of Science Research 
Institute: 1982. Pp.269. Rs 40, $7.50. 

Nonlinear Waves. By T. TANIUTI and K. 
NISHIHARA. Pitman: 1983. Pp.258 ISBN 
0-273-08466-6. £32. 

Nuclear Disengagement in Europe. 5. LODGAARD 
and M. THEE (eds). Taylor & Francis: 1983, Pp.271. 
ISBN 0-85066-244-3. £17, $37. 

Nutritional Problems of the Elderly. Bibliotheca 
Nutritio et Dieta, No.33. J.C. SOMOGYI and F. 
FIDANZA (eds). Karger: 1983. Pp.200. Pbk ISBN 
3-8055-3700-X. SwFr, 159, DM 190, $95.25. 

The Pollution Control Policy of the European 
Communities. By 5.P. JOHNSON. Graham & 
Trotman: 1983. Pp.244. ISBN 0-86010-4 11-7. £18. 

Presenting and Intervening: Introductory Topics in 
the Philosophy of Natural Science. By I. HACKING. 
Cambridge University Press: 1983. Pp.287. Hbk ISBN 
0-521-23829-3; pbk ISBN 0-521-28246-2, Hbk £20 p00 ps 
$37.50; pbk £5.95, $10.95. 

Proceedings of the Eighth International Joint 
Conference on Artificial Intelligence held August 1983, 
West Germany, Vols 1 and 2. INTERNATIONAL 
JOINT CONFERENCES ON ARTIFICIAL INTEL- 
LIGENCE. Kaufmann: 1983. Pp.1206. Pbk ISBN 
0-86576-064-0. £45. 


Proceedings of The National Conference on Arti- 
ficial Intelligence. Sponsored by the American 
Association, and held August 1983, Washington D.C. 
W.H. Freeman: 1983. Pp.442. Pbk ISBN 0-86576- 
065-9. £36. 

The Production of Speech. P.F. MacNEILAGE 








_(ed.). Springer-Verlag; 1983. Pp. 302. 0-387-90735-1/ 


3-$40),90735-1, DM 82, $35.40. 

Prometheus, Vol.1. University af Queensiand Press: 
1983. Pp.235. Np. 

Psychological Aspects of Pregnancy. By A. 
READING. Longman: 1983. Pp. 127. Pbk ISBN 
0-582-29614-5. £2.95, 

The Purari — Tropical Environment of a High 
Rainfall River Basin. T. PETR (ed). Dr W. Junk: 
1983. Pp.624. ISBN 90-6193-104-5. DG 295, $128. o 

Quantities and Units of Measurement: A Dictionar A 
and Handbook. By J-V. DRAZIL. Mansell: 1983. 
Pp.313. ISBN 0-7201-1665-1, £12.30. 

Real Analysis, 2nd Edn. By S. LANG. Addison- 
Wesley: 1983. Pp.533. ISBN 0-201-14179-5. $23.95. 

Research Ethics. K; BERG and K.E. TRANØY 
(eds). Alan R. Liss: 1983. Pp.432. ISBN 0-3451 ~0128-5. 
£52. 

Review of Progress in Quantitative Nondestructive 
Evaluation, Vol.2A and 2B. D.O. THOMPSON and 
DE., CHIMENTI (eds). Plenum: 1983. Pp. 1853. 
VolL2A ISBN 0-306-41024-9; Vol.2B ISBN 0-306- 
41350-7. $225. . 

Safety at Work. J.R. RIDLEY (ed.). Butterworths: 
1983. Pp. 707. ISBN 0-408-00504-1. £40. 

Semiotics 1981. J.N. DEELY and M.D. LENHART 
(eds). Plenum: 1983. Pp.555. ISBN 0-306-41270-5, 
$69. 50. . 

Shakespeare’s Birds. By P. GOODFELLOW. 
Kestrel Books: 1983. Pp.96. ISBN 0-7226-5610-6 
£8.95. 

Sheep & Man. By M.L. RYDER. Duckworth: 1983. 
Pp.846. ISBN 0-7156-1685-2. £35. 

Sixth ESA Symposium on European Rocket and 
Balloon Programmes and Related Research, held April 
1983, Switzerland. European Space Agency: 1983. 
Pp.477, Pbk FF 140, > . 

The Social. Creation of Mental fllness. By R. 
COCHRANE. Longman: 1983. Pp.208. Pbk ISBN 
0-582-29613-7, £3.95. | 

Split Second: The World of High-Speed Photo- 
graphy. By S. DALTON. Dent: 1983, Pp. 144. ISBN 
0-460-04599-7. £10.95. E 
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The major objectives of this well-established series, presenting 
critical review articles in fundamental and applied infrared and 
Raman spectroscopy, are to integrate theory and practice and to 
bring together the different branches of research in both the 
academic and industrial spheres. The papers commissioned 
cover a range of subjects where progress has been recent or is 
expected in the near future, and reflect the wide application of 
these techniques in the science and engineering fields. Like its 
predecessors, the eleventh volume is of general interest both 
within and beyond the fields of chemistry, physics and biology, 


A Wiley-Heyden publication 


GROUP THEORY IN SPECT ROSCOPY 
With Applications to Magnetic Circular Dichroism 

by S.B. Piepho, Sweet Briar College; and P.N, Schatz, University 
of Virginia 

November 1983 662 pages 
0471 03302 2 £65.75 


APPLICATION OF TRANSITION STATE 
THEORY TO UNIMOLECULAR 
REACTIONS An Introduction 


by J.H. Benyon, Royal Society Research Unit, University College 
Of Swansea and LR. Gilbert, Department of Chemistry, 
=< University of Essex 


omone? o e 
` PROCEEDINGS OF AN INTERNATIONAL 
CONFERENCE ON LASERS 

May 1980 in Shanghai and Beijing 


December 1983 932 pages 
0471 87093 5 £90.25 
LASER REMOTE SENSING 

Fundamentals and Applications — 

by R.M. Measures, University of Toronto 

February 1984 _ 524 pages 
0477 08193 0 £42.70 


QUANTUM ELECTRONICS AND 


ELECTRO-OPTICS 
Proceedings of the Fifth U.K. National Quantum 


Electronics Conference 
edited by P.L. Knight 


April 1983 478 pages 
0471 10278 4 £24.50 
ASTRONOMY 


Fundamentals and Frontiers, 4th Edition 


by R. Jastrow, Dartmouth College, and M.H. Thompson, Dalton 
Schools, New York, N.Y. 


March’84 
0477 89700 0 


,)) John Wil ey&sS 
Baffins Lane - Chi 


576 pages 
£25.40 








ADVANCES IN INFRARED AND RAMAN SPE 


Volume 11 | | 
edited by R.H. Clark, Gniversity College London and RE Hester, University of York 


Contents: Vibrational Spectroscopy of Membrane Assemblies; W 


0471 10059 5 





NEW YORK + CHICHESTER 





BRISBANE - TORONTO : SINGAPORE 


Experimental and Theoretical Advances in Vibrational Optical 


Activity; Raman and Resonance Spectroscopy of Linear Chain | CS 
Complexes; Resonance Raman spectroscopy of Conjugated M 
Spectroscopy of Very Large M 


Macromolecules: Vibrational 
Molecules; Author Index; Formula Index; Subject index, 


Series: Advances in Infrared and Raman Spectroscopy, 
Volume 17 


April 1984 
0471 26267 6 


404 pages. 
£49.50 


eri 


ORGANIC ELECTRONIC SPECTRAL 
DATA, 1977, Volume XIX 
edited by J.P. Phillips, D: Bates, H. Feuer and B.S. Thyagarajan 


November 1983 
0471 88637 8 


OPTICAL WAVES IN CRYSTALS 
Propagation and Control of Laser Radiation 
by A. Yariv, California Institute of Technology; and P. Yeh, 
Rockwell International Science Center 


February 1984 604 pages 
0471 09142 1 £47.45 


DYNAMICS OF MOLECULAR LIQUIDS 
by W.G. Rothschild, ford Motor Company 


February 1984 432 pages 
0471 73971 5 £47.45 


ELECTRO-OPTICAL AND MAGNETO- 
OPTICAL PROPERTIES OF LIQUID 
CRYSTALS 

by LM. Blinov, Organic Crystals Laboratory, Institute of 
Crystallography, USSR Academy of Sciences 


November 1983 364 pages 
0471 10231 8 £35.95 


GAUGE THEORIES OF STRONG AND 
ELECTROWEAK INTERACTIONS 


by P, Becher and M. Bohm, Wurzburg University, Germany and 
H. Joos, Hamburg University and Deutsches Elektronen — 
synchrotron, Hamburg, Germany 


December 1983 
0471 10429 9 


DYNAMICS OF THE EXCITED STATE 
Advances in Chemical Physics Volume L 


edited by K.P. Lawley, Department of Chemistry, University of 
Edinburgh 

Series: Advances in Chemical Physics 
July’82 


£98.75 


318 pages 
£28.00 





chester «Sussex PO19 1UD - England 


1084 pages | 


676 pages EO 
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AMERICAN OFFICES NEW YORK Miss 
SAN FRANCISCO 

CHICAGO Didier & Broderick (312) 498 4520 @ BOSTON 


CANADIAN OFFICE TORONTO Peter Drake 17 Pine Crescent, Toronto, 


RATES UK — Rest of world — £11.00 per centimetre. 


CONDITIONS. The Publisher reserves the right to refuse, amend, withdraw 
discretion and without explanation. The Publishers will not be liable for any 
do they accept liability for printers’ err 
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NIVERSITY OF WARWICK | UNIVERSITY OF LEICESTER 


_ LECTURESHIP IN 
PHYSICAL CHEMISTRY 
AND CHEMICAL 
INSTRUMENTATION 


pplications are invited for the 
love post in the Department of 
hemistry and Molecular Sciences. 
pplicants should have experience in 
(perimental electrochemistry, 
eferably in the areas of energy 
orage or selective electrodes, and 
wuld have an interest in the 
»plications of micro-processors and 
icrocomputers in chemical instru- 
entation. Candidates should 
yrmally be aged 35 years or under. 
alary on the Lecturer scale: 
7,190-£14,125 pa. Further 
articulars and application forms 
‘om the Registrar, University of 
Varwick, Coventry CV4 7AL 


School of Biological Sciences 


Applications are invited for the 
post of 
POST-DOCTORAL 
RESEARCH ASSOCIATE 


funded by The Wellcome Trust, to 
investigate the epidemiology and bio- 
synthesis of bacterial iron-chelating 
compounds of importance in patho- 
genesis. Candidates with experience 
in enzymology and protein separa- 
tion techniques are preferred. The 
position, supported by a project 
grant awarded jointly to Drs P H 
Williams (Genetics Department) and 
R A Cooper (Biochemistry Depart- 
ment), is tenable for 3 years, at a 
salary within the range £7,190 
-£11,615. 


Applications, with brief cv and the 
names of two referees, to Dr P H 


uoting Ref No NB/2/84/0. Closing Williams, Department of Genetics, 
ate for receipt of applications 11th University of Leicester, Leicester 


fay, 
stablished under the UGC’s 
lood’ initiative. 


1984. This post has been 


(1669)A 























‘New | mation 


LEI JRH, from whom further infor- 
may be obtained 
(0533-551234 Extn 293). Closing date 
30 April 1984. (1681)A 


RIO I N OROREN IE AAS Ral 8 <7, 
$ S eens Pee 
Ss oe Pisces s 
z erent si 


ROPE MA RAAS 


Glaxo Group Research is Britain's | 
with a distinguished reputation for f 





4 Little Essex Street, WC2R 3LF Telephone 01 240 1101 (Telex 262024) 
Gene Fein 15 East 26 Street, New York, NY 10010 — Telephone (212) 689 5900 


JJHS (415) 392 6794 @PASADENA JJHS (213) 796 9200 
CEL Assoc (617) 848 9306 
Ontario M4E 1L1 (416) 690 2423 


Minimum 3 cm. £2 is charged for a box number. 
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or otherwise deal with all advertisements submitted to him at his absolute 





PLANT BREEDING 
INSTITUTE 


PLANT PATHOLOGIST 


required to work on powdery mildew 
of wheat, with particular reference to 
the development of host resistance 
and strategies of disease control. 


Appointment will be at Higher 
Scientific Officer (salary £7,149 to 
£9,561 pa) or Senior Scientific 
Officer (salary £8,970 to £11,476 pa). 


Qualifications are a First or Upper 
Second Class Honours Degree in an 
appropriate biological subject, and at 
least 2 years’ postgraduate experience 
in plant pathology or related research 
for HSO and 4 years for SSO. 


Applications, with curriculum 
vitae, and the names and addresses of 
three referees, should be sent to the 
Establishment Officer by 11 May 
1984. Please quote reference 
Path/171. 


Further particulars available on 
request. The Plant Breeding Institute 
is an Equal Opportunities Employer. 

(1697)A 





























Lo 
0S Seana manatee aaron eerie my ONT 


Pharmacolog! 


Leukotriene Research 


eading pharmaceutical research organisation, 
undamental research leading to the discovery 


and development of safe and effective new medicines. 


An opportunity exists for a young pharmacologist to join a team studying the 
| mediators in asthma. The person appointed will be 


pharmacology of potentia 
e theoretical and practical work of the 


expected to make a major contribution to th 


group. 


Applications are invited from gra 
years’ research experience in are 
advantage. A knowledge of the techniques used in the ph 


of drug receptors is highly desirable. 


We offer an attractive starting salary which wil 
ful candidate. Our comprehensive benefits package 
pension and life assurance, 
Generous relocation assistance will be availabi 


Please write or telephone for an application form to 
Personnel Officer, Glaxo Group Research Limited, Ware, Herts. $G12 ODJ. Tel: Ware 


(0920) 3993. 






Sah tape en ae EEEN EA a TEA mir 
RDNS NA È oe x ‘ 
% ANAA AE ASE A es PRC 


st 


duates in pharmacology or physiology with several 
levant field; possession of a Ph.D. will be an 
armacological classification 


i reflect the experience of the success- 
includes non-contributory 
together with participation in Glaxo Group profitability. 
e if appropriate. 

Dr. D. J. Humphreys, Senior 





PANK OEES RA 


loss occasioned by the failure of any advertisement to appear from any 
ors, although every care is taken to avoid mistakes. 


PRIOR TO ISSUE DATE. 


UNIVERSITY OF ESSEX 
DEPARTMENT OF PHYSICS 


“NEW BLOOD” 
LECTURESHIP IN ` 
NON-LINEAR OPTICS 


Applications are invited for the 
above post, which has been estab- 
lished under the ‘New Blood’ 
scheme, for appointment from i 
October 1984. 


Salary on the Lecturer scale: 
£7,190 — £14,125 (under review). 
Candidates should not normally be 
older than 35, nor hold a permanent 
university appointment in the U.K. 


Preference will be given to-i96 —. 
experimental physicists with researc 
interests in coherent nonlinear optics. 


Applications (ten copies), includ- 
ing a curriculum vitae and the names 
and addresses of three referees, 
should reach the Registrar 
(AG/189/N), University of Essex, 
Wivenhoe Park, Colchester CO4 
3SQ, from whom further particulars 
may be obtained, by 4 May 1984. 

(1700A 
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Ware, Herts 


(1717)A 
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UNIVERSITY OF THE WEST 
INDIES 
MONA CAMPUS 


DEPARTMENT OF PHYSICS 





PROFESSOR/ 
SENIOR LECTURER 
IN APPLIED PHYSICS 


Applications are invited for the post 


= of Professor/Senior Lecturer in 


Applied Physics, University of the 
West Indies, Mona, Jamaica. The 
successful applicant will be expected 
to Organise and teach undergraduate 
as well as graduate courses: the 
Person appointed will also be 
expected to lead in the further 
development of research in the areas 
of Electronics/ Materials Science. 
Industrial experience will be an 
advantage. 


If the appointment is made at the 
Professorial level in the field of 
Electronics, the emoluments will be 
supplemented by grant{s) of at least 
5$30,000 over a three year period in 

fe first instance, The successful 
‘applicant will be expected to establish 
contact with organizations outside 
the University in order to develop 
teaching programmes attuned to the 
needs of industry and to play a role in 
the development of local electrical 
industries. 





The person appointed will be 
expected to assume duties by October 
L 1984, or as soon as possible there- 
alter, 


Salary scales: (1984/85) Professor 
~— Inrange: J$38,340 - 47,194: Senior 
Lecturer — In scale: J$29,532 x 825 
—~ J$33,657 x 924 — J$36,429 (Bar) 
x 924 — J$37,353 x 987 — 
J$38,340. (At 27/3/84 £1 = J$4.91), 


Up to five full economy class 
passages plus baggage allowance up 
togrCUS3900 on appointment and 
normal termination. Special allow- 
ance up to US$300 for shipment of 
academic books and teaching / 
research equipment on appointment. 
Unfurnished accommodation at 10% 
of basic salary or optional housing 
allowance of 20% of basic salary. 
UWI contribution of equivalent of 
10% of basic salary to Super- 
annuation Scheme. Annual Study 
and Travel Grant of J$3,153 for self, 
331,051 for spouse, and 1$350 each 
for up to three (3) children. Book 
Grant up to J$634 per annum. 
Transportation allowance of J$1,422 
per annum for operation of car. 





: g full particulars of quali- 
É ons and experience, date of 
birth, marital status and the names 
and addresses of three referees 
should be sent as soon as possible to 
the Registrar, University of the West 
Indies, Mona, Kingston 7, Jamaica, 
W.I. Further particulars of the post 
are available from the same source or 
from the Assistant Secretary General 
(Appointments), Association of 
Commonwealth Universities, 36 
Gordon Square, London WC1H 
IPF, to p on Spek : 











Detailed applications (three copies) 


nts resident in 





CSIRO conducts scientific and tech- 
nological research in laboratories lo- 
cate edie pst Australia and em- 
poys about 7,500 staff, of whom some 
2,900 are professional scientists. The 
Organization's research activities are 
grouped into five Institutes: Animal 
and Food Sciences, Biological Re- 
Sources, Energy and Earth Resources, 
industrial Technology and Physical 
Sciences. 


GENERAL: The Divisions of Plant In- 
dustry and Soils, in the institute of 
Biological Resources, are establish- 
ing a new research roup based at 
Floreat Park, Perth, Western Australia 
to extend their programs in soil and 
plant research in crop/pasture Sys- 
tems, The research areas will include 
aspects of soil/plant, water/nutrient 
interactions as they affect wheat and 
lupin production on the sand plain 
and texture-contrast soils in the semi- 
arid zone of western and southern 
Australia dominated by wet winters 
and dry summers. It is expected that 
the research group will develop 
collaborative projects with the West- 
ern Australian Department of Agricul- 
ture, the pen of Western Austra- 
lia and other CSIRO groups in West- 
ern Australia. There will be a strong 
field component to the research. The 
Research Leader is Dr NC Turner, a 
crop physiologist with an interest in 
plant water relations. 


SOIL SCIENTIST 


$A31,092 — $A42,210 
Position A0848 


DUTIES: To undertake and direct 
research into the availability of water 
and nutrients in uniformly coarse 
textured and texture-contrast soils in 
semi-arid areas. The appointee will 
be expected to investigate some of 
the following: (i) water and solute 
movement in soils; (ii) nutrient (es- 
pecially nitrogen) availability and 
cycling; (iii) water availability in re- 
lation to root exploration of the soil 
profile; (iv) the role of tillage in water 
and nutrient availability. 
QUALIFICATIONS: A PhD degree or 
equivalent qualifications in soil sci- 
ence together with a record of con- 
siderable research experience and 
achievement in relevant research. 
Preference will be given to appli- 
cants with demonstrable field, as 
weil as laboratory experience. 
TENURE: Indefinite with Australian 
Government superannuation bene- 
fits available. 


ROOT BIOLOGIST 
$A31,092 — $A42,210 
Position A0905 l i 
DUTIES: To undertake and ‘direct 
research on: (i) the influence of soil 
roperties (physical, mechanical and 


PLANT AND SOIL SCIENTISTS 


Divisions of Plant Industry and Soils 
Perth WA Australia 










chemical) on the exploration of soil 
by roots, and (ii) the effect of root _ 
activity on crop growth and yield, in- 
uniformly coarse textured oand 
texture-contrast soils. E Oe 


QUALIFICATIONS: A PhD de ree or = 
equivalent qualifications in plantor = 
soil science together witha recordof 
considerable field and laboratory re- aoe 
search experience and achievement 


in soil/root/shoot research. 


TENURE: Indefinite with Australian . 


Government superannuation bene- 
fits available. 


RESEARCH FELLOWS | 


(3 positions) 
$A24,344 — $A30,038 
Position A0957 
FIELD: Plant Water Relations. 


DUTIES: in collaboration with the 
Research Leader, undertake re- 
search in a field and laboratory re- 
Search program on the water re- 
lations of wheat and lupins, under 
semi-arid conditions. Applicants are 
Sought with skills in (i) root/water 
relations, (ii) the influence of water 
deficits on leaf gas exchange, or (iii) 
the influence of water deficits on 
growth through the hormonal bal- 
ance of the plant. 

Position A0958 

FIELD: Soil Science. 


DUTIES: As a member of a collabo- 


rative research program, undertake 


research on (i) water and solute. 


movement in soils; (ii) nutrient (es- mye 


pecially nitrogen) availability and 


cycling; (iii) water availability in re- — E 
lation to root exploration of the soli o F 
profile; (iv) the role of tillage inwater F 


and nutrient availability. 
Position A0998 
FIELD: Root Biology. 


DUTIES: As a member of a collabo- og 
rative research program, undertake 


research on {i) the influence of soil 
propanas on the exploration of soil 
y roots, or (ii) the effect of root 
activity on crop growth and yield. 
QUALIFICATIONS: A PhD degree or 
equivalent qualifications in an ap- 
propriate field. 
TENURE: A term of three years. Aus- 
tralian Government superannuation 
benefits are available. 
APPLICATIONS: Stating full per- 
sonal and professional details, the 
names of at least two referees, and 
the appropriate reference number. 
should be directed to: 


The Chief 

CSIRO Division of Plant industry 

GPO Box 1600 

CANBERRA ACT 2601 

AUSTRALIA a 
By May 11, 1984. AAM@OAL AS 
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University of Strathclyde 
FACULTY of SCIENCE 
UGC ‘New Blood’ 


C S | . -Te uamea 
Geophysicist/ 
Applied Mathematician 





$A31,092-$A42,210 ocne 

, Es : The Faculty of Science has been awareded jan pia 

> Divisi wa QE Blood” Lectureships — applications are invited from 

: Division of Grou ndwater Resea rch candidates under 35 years of age for the following: — 

Wembley WA Australia DEPARTMENT OF BIOSCIENCE AND BIOTECHNOLOGY ~ 

CSIRO conducts scientific and technological research in LECTURESHIP IN FOOD SCIENCE (Ref: 22/ 84) E 
laboratories located throughout Australia and employs about 7,500 Preference will be given to candidates of proven ability who 
staff, of whom some 2, are professional scientists. The can bring 4 multidisciplinary approach to research into 
Organization's research activities are grouped into five Institutes: biopolymers, food processing and preservation, and who 
Animal and Food Sciences, Biological Resources, Energy and Earth can carry basic research through to applied research and 
Resources, Industrial Technology and Physical Sciences. The technological development. Experience in several of the 
CSIRO Division of Groundwater Research is a member of the following areas will be an advantage: — chemistry and 

` Institute of Energy and Earth Resources. technology of starch and other polysaccharides; rheology, 

General: The Division of Groundwater Research investigates chemical and thermal preservation of foods; food 

physical, chemical and cei! a processes affecting the quantity microbiology; food processing and control systems, 
and quality of groundwater. The staff of 30 professionals studies computers and microprocessors, 


natural interactions between surface water, groundwater, soils and 


rocks as well as responses of groundwater, to human activities DEPARTMENT OF MATHEMATICS — LECTURESHIP IN 


such as mining, waste disposal, agriculture, artificial recharge and STATISTICS (Ref: 18/ 84) 
; pumpage. A major program is directed towards the development The successful candidate will be expected TO work in aay ga 
-< and control of soil and stream salinity in relation to agriculture. of stochastic processes with emphasis on applications, and 
= o Duties: The Appointee will initiate and conduct research on the to collaborate with colleagues on spatial and geometrical 
-dynamics of groundwater systems. In the first instance, he or she processes. ideally, candidates should have a knowledge of 
pial _ eS to ark on oe or more of the seal bi he inter-active computer packages. 
optimal identification of aquifer properties; numerical mo ling of EA 
the hydraulics and chemistry of groundwater flow in Aa DEPARTMENT OP RH CHEMISTRY rra a ene 


aquifers; flow of reactive fluids and fluids of different densi i ; 

< and/or viscosity. The appointee may be asked to lead a ai Candidates should ag i degree T Phar H z = 
~ group to develop initiatives for research within the Division's appropriate chemical discipline, together with a higner 
charter. degree. The successful applicant will be required to teach 
aspects of organic, medicinal, analytical chemistry: 
biochemistry and to carry out research in topics relevant to 


Qualifications: A PhD degree or equivalent spol li with 
i phytochemistry and/or chemical aspects of ecology. 


extensive experience and evidence of substantial research 
- achievement in a relevant field. Applicants should be strong in 








appropriate aspects of applied mat ematics and geophysics; DEPARTMENT OF PURE AND APPLIED CHEMISTRY — 
experience in numerical methods is expected, and computer LECTURESHIP IN BIO-ORGANIC CHEMISTRY (Ref: 17/ 84) 
programming would be a definite advantage. Applicants should have a strong interest in teaching organic 
Tenure: Interdefine with Australian Government superannuation chemistry, and should have research interests in bio-organic 
benefits available. chemistry. Preference will be given to candidates interested 
Applications: Stating full personal and professional details, the in the chemistry of macromolecules, especially enzymes and 
names of at least two referees and quoting reference No A3267, receptors, and/or to the medicinal and industrial application 
should be directed to: of bio-organic chemistry. 
The Chief a a eae RS ae aE we TT 
CSIRO Division of Groundwater Research Salary for the four posts will be on Lecturer Scale 
Private Bag PO (£7,190-—£14, 125 pal. USS benefit. — 
pea WA 6014 Further particulars and application forms (please quote 
By May 11 one relevant reference number) are available from Staff Office, 
bahar tae McCance Building, 16 Richmond Street, Glasgow G1 1XQ. 
CSIRO IS AN EQUAL OPPORTUNITY EMPLO ae any Closing date for all applications: 7 May 1984. (1656)A 





sg ee aN ee E 


Molecular Virology and Bacteriology Research Associate 


Research Scientists or Senior Research Associate 
Connaught Laboratories Limited is one of the world’s largest Stanford Synchrotron Radiati on | aborat ory 
producers and distributors of human vaccines and is currently - fi l i 
expanding its research into new approaches to vaccine A Position will be available in the coming months for an 
development. Within the Connaught Research Institute, research is appointment to the SSRL scientific staff. Candidates with interests 
conducted in the areas of bacteriology. virology, immunology, and experience in x-ray absorption spectroscopy and x-ray 
immunodiagnostics and genetic engineering. We are seeking diffraction (preferably with biological molecules) are particularly 
innovative research scientists to join an interdiscplinary vaccine being sought. It is expected that about 50% of the research 


associate's effort will be devoted to research and 50% to facility 


research and development team. | pe aen E 
P development. Facility responsibilities include user support, bearr 





>o Candidates should have post-doctoral experience and line improvements, software improvements and documentation, 

. demonstrated productivity In either molecular virology of and x-ray instrumentation development projects related to the 

- bacteriology. Individuals with strong backgrounds in molecular | EXAFS and diffraction stations at SSRL. Candidates with two or o 
genetics and/or immunology are especially encouraged to apply. more years of experience beyond the Ph.D. ar e preferred, The level 
Curriculum vitae and the names of three referees should be sent, in of appointmentand term (typically three years) is flexible depending — 
confidence, to: Mrs P. Kieran, Employment Co-ordinator, on applicable experience. Stanford University is an affirmative 
Connaught Laboratories Limited, 1755 Steeles Avenue W.. action/equal opportunity employer. Candidates interested in. 
Willowdale, Ontario, M2R 374. (NW458)A applying should send 3 CV, abrief statement of research experience 


and future research objectives, a list of publications, and the names 
and addresses and phone numbers of three references to Professor ._ 
Keith Hodgson, Stanford ‘Synchrotron Radiation Laboratory, =- 
Stanford Linear Accelerator Center, Bin 69, Stanford University, 

__ Stanford CA 94305. | (NWSI 







AN EQUAL OPPORTUNITY EMPLOYER | (especially noting that related to the use of synchrotron radiation) 


CONN 


J where service complements 






















E RESE 


the Australian Bureau of Mineral Resources invites 
applications from Suitably qualified and experienced people 
for the following vacancies in Canberra. 

The principal research aims of the Marine Division are to 
define the regional geological framework, petroleum 
prospectivity and evolution continental shelf and margins: 
further to develop new scientific concepts of basin Structures 
and evolution of passive margins and also the active margins 
of the South Pacific. The main objective is the stimulation of 
ongoing programs of offshore petroleum exploration, The 
Division is presently in the process of acquiring a research 
vessel and seismic processing centre, 








tAn experienced MARINE SEDIMENTOLOGIST with a 
working knowledge of and experience in seismic 
stratigraphy and basin analysis is required to take a 
major role in a team carrying out basin and geological 
framework studies on the Australian continental 
margin and elsewhere. He/she will be expected to 
assist in planning and participate in marine surveys 
involving seismic data collection and sampling, as well 
as data processing and interpretation, 


Applicants should have a PhD (or equivalent) in marine 
geclogy/sedimentology together with demonstrated 
research ability. 


*A second vacancy exists for a MARINE 
SEDIMENTOLOGIST with a solid background in 
modern marine processes and analysis of sediments, 
together with some working knowledge of seismic 
reflection interpretation, He/she will participate in team 
research into the sedimentological evolution of the 
Australian continental margin in such areas as the 
Queensland Shelf and Plateau, and will be involved in 
marine surveys involving seabed sampling. Emphasis 
will be placed on identifying and studying the 
relationships between modern facies generation, 
evolution and hydrocarbon play concepts. 


Candidates for this post should have a PhD (or 
equivalent) in marine geology/ sedimentology together 
with demonstrated research ability, including 
experience and familiarity with marine geological 
sampling techniques and seismic profiling. 





2 Postdoctoral Positions 
(““wissenschaftliche Mitarbeiter” 
in Developmental Neurobiology) 


“Applications are invited from scientists interested in 
Neuronotrophic Factors, their isolation and effects on survival and 
differentiation of cultured neurons from the peripheral and central 
NS. Experience in protein biochemistry and cell culture required, in 
autoradiography and immunocytochemistry desirable. There is a 
teaching commitment in Anatomy and Histology. Salary accordin 

to Federal Regulations (BAT Ila). The appointments are for 28 
years from 1 June 1984. Cv's including the names and addresses of 
two referees should be sent to Professor K. Unsicker, Institut fiir 
Anatomie und Zellbiologie, Robert- Koch-StraBe 6, D-3550 
| Marburg, F.R.G. Further particulars are available from the same 
| address(phoned1 284030). (W900)A 





0496421. 










of Mineral Resources all 
ARCH SCIENTISTS | 


The Division of Marine Geosciences and Petroleum Geology in 


















*The Division also requires a SEDIM ENTARY ; 
GEOCHEMIST with a working knowledge of organic ne] 
geochemistry. The successful candidate will participate | 
as a member of a research team Studying the meee | 
sedimentological and geochemical evolution of 
sediments on continental margins. Emphasis will be 
placed on organic diagenesis and porewater 
interactions in relation to problems involving 
Maturation, migration and entrapment of 
hydrocarbons. Participation in marine Surveys is also 
expected, as well as some understanding of seismic 
reflection interpretation. 


Applicants should have a PhD (or equivalent) in 
sedimentology together with demonstrated research 
ability, including laboratory and field techniques, 


Persons will be appointed to these positions at the 
Research Scientist or Senior Research Scientist level 
depending on their qualifications and experience. 


SALARY: Research Scientist (RS}  $A24344 — $A30038 

Senior Research Scientist 

(SRS) $A31092 — $A35806 
CONDITIONS: Conditions of service include four weeks 
annual leave plus bonus, cumulative sick leave, long service 
leave, a comprehensive superannuation scheme and removal 
expenses to Canberra. Appointment to the Australian Public 
Service is currently open to British subjects (by virtue of the 
Citizenship Act Australian citizens are British subjects). The 
Government has announced its intention to amend the Public 
Service Act to require a person being appointed ta the Service 
to be an Australian citizen. Following such amendment, 
persons who are British subjects but not Australian citizens 
will generally be ineligible to join the service as permanent 
officers, However, a term engagement will be considered for 
persons not meeting this criterion. 


Canberra, the national capital, is located approximately 
280 km southwest of Sydney and has excellent educational, 
recreational and sporting facilities. 


Applicants are requested to specify for which position(s) 
they are applying. 

Applications including full personal and professional . 
details and the names of at least three referees should be sent 
to:- The Director, Bureau of Mineral Resources, GPO Box 
378, Canberra, ACT, AUSTRALIA 2601. 


Applications close: 10th May, 1984. (W908)A = 


THE UNIVERSITY COLLEGE OF WALES 
ABERYSTWYTH 


NEW BLOOD APPOINTMENT 


Department of Biochemistry and Agricultural Biochemistry 


Applications are invited for a LECTURESHIP IN PLANT 
BIOCHEMISTRY funded under the UGC’s “New Blood” initiative 
with particular reference to the synthesis and assembly of 
membrane components. Applicants with research interests in other 


aspects will, however, be considered. 


In accordance with the terms of the “New Blood” initiative, 
candidates should normally be aged 35 or under, and in the early .. 
years the primary role will be to contribute substantially to research. = 


Salary on the scale for Lecturers £7,190 to £14,125 per annum. 


Application forms and further particulars can be obtained | 








ollege, King Street, Aberystwyth, SY23 
Ext: 


fe the Staffing Officer, The University Colle e of Wale S 
n q: C (Tel 097 
: 207). Closing date for applications 18th May, 


1687}A 

















































Research Fellows 
(2 positions) 


$A24, 344-$A30,038 
Division of 
Applied Organic Chemistry 
Fishermen’s Bend VIC Australia 


CSIRO conducts scientific and technological research in 
laboratories located throughout Australia and employs about 7,500 
staff, of whom some 2,900 are professional scientists. The 
Organization's research activities are grouped into five institutes: 
Animal and Food Sciences, Biological Resources, Energy and Earth 
Resources, Industrial Technology and Physical Sciences. The 
CSIRO Division of Applied Organic Chemistry is a member of the 
institute of Industrial Technology. 

Field: Organic, Physical or Polymer Chemistry. 

General: The Division has a staff of approximately 100 people of 
whom over fifty are professional scientists. The research of the 
Divison is carried out in four programs: Biological Organic 
Chemistry, Polymer Science, Chemicals from Coal and Solar 
Photochemistry. The present vacancies are in the Biological 
Organic Chemistry and Polymer Science Programs. 

Duties: To undertake research in one of the research projects 
within the two broad programs. Projects include the study of 
defect groups in polymers, the design and synthesis of new 
< insecticides, theoretical and computer graphic studies of the 

~ piological activities of organic molecules, spectroscopic studies of 
> drug-receptor-interaction and design and synthesis of herbicide. 

Qualifications: A PhD degree or equivalent qualifications plus 
an ability to undertake independent research. Preference will be 
given to applicants who have recently qualified for a PhD. 

Tenure: A term of 3 years with the possibility of a further 2 year 
term. Australian Government superannuation benefits are available. 

Applications: Stating full personal and professional details, the 
names of at least two referees and quoting reference No 
A1051/A1053, should be directed to: 

The Chief 
CSIRO Division of Applied Organic Chemistry 
GPO Box 4331 
MELBOURNE VIC 3001 
AUSTRALIA 
By May 11, 1984. 
CSIRO IS AN EQUAL OPPORTUNITY EMPLOYER 
{W891)A 


POST-DOCTORAL STUDIES AT THE 
CENTRE D‘IMMUNOLOGIE 
INSERM-CNRS 
DE MARSEILLE-LUMINY (CIML) 


The CIML, located in hilly surroundings near Marseille (France) is a 
research institute established in 1976 by two French governmental 
agencies. Eleven groups use a wide panel of approaches (including cell 
culture and hybridoma, molecular biology and cellular biology) to study 
various aspects of immunology, in particular lymphocyte function and 
differentiation, molecular biology of histocompatibility antigens, 
molecular genetics of immunoglobulins, analytical immunology and 
biological applications of liposomes. The Institute which occupies 
50000 sqm ft of lab space is well equipped including 4 fluorescence 
activated cell sorter, automatic protein sequencing, computing 





a < facilities and access toa large P2 laboratory. There are at presenta total 
fof approximately 120 members: group leaders are H. Cailla, M. 
= Fougereau, P. Golstein, C. Goridis, B. Jordan, F. Lemonnier, L. 


Leserman, C. Mawas, M. Pierres, B. Rubin and A.M. Schmitt- 


-| Verhulst. The present director of the institute is F. Kourilsky. Close 
T collaborations exist between the various groups and with international 
4 research laboratories and itis the policy of CIML to encourage and 














< develop these interactions. 

Opportunities exist for post-doctoral studies in several groups; the 
nstitute is ‘particularly interested in recent Ph.D. graduates with a 
‘strong background in cellular biology or molecular biology. Some 
CNRS or INSERM fellowships may be available, however in most cases 





nE candidates are expected to obtain funding from EMBO or other 





gencies. 

Applicants should write to the Director, Centre d'tmmunologie 

HNSERM-CNRS de Marseille-Luminy, Case 906, 13288 Marseille 
jedex 9, France — Tél: (91) 41 01 33, including a C.V. and other 

leva mation. | : | (W838) A 















THE UNIVERSITY OF SUSSEX 
‘NEW BLOOD’ LECTURESHIPS 
Applications are invited from qualified 


older than 35 on 1st October 1984, altho 
older applicant will be considered 





research. 
Biochemistry, in the School of Biological Sciences. A molecular 
biologist with a strong research interest in the biochemistry of 
hormones, growth factors of neurotransmitters (including neuropep- 
tides) is sought. Applicants should preferably have experience in the 
use of molecular genetics in one of these fields, but molecular genet- — 
cists & biochemical endocrinologists with experience in related areas 
are also encouraged to a pr , a aoe 
Biology, in the School of Biological Sciences. Applications are invited 
from developmental biologists interested in applying modern cellular 
techniques in studying fundamental developmental issues. Applicants 
whose interests complement existing research within the School of 
neurobiology and ml development of animals would be particularly 


come. 
Chemistry, in the School of Chemistry & Molecular Sciences. Two 


ts: 
fi) Chemical Physics. Applicants should preferably have research 
exprience in one of the following experimental topics: gas-phase 
reaction dynamics; gas-surface interactions; laser modification of 
chemical reaction; spectroscopy of intermediates. 
(ii) Inorganic Chemistry. Applicants should preferably have research 
experience in either the synthesis of new materials or the application of 
new synthetic methods to inorganic or organometallic chemistry. 
Experimental Psychology, in the School of Biological Sciences. 
Applicants will be considered from any area of vision, including experi- 
mental research in visual perception, psycho-physics or neuro- 
physiology and theoretical work in computational models of vision. 

athematics, in the School of Mathematical and Physical Sciences. 
Applicants should preferably have research experience and achieve- 
mentin Analysis. The present areas of interest of the Analysis Groupare |. 
function spaces, linear and non-linear functional analysis and its appli~< je 
cations to elliptic and parabolic differential equations, non-linear 
ordinary differential equations. i , 
Physics, in the School of Mathematical and Physical Sciences. The 
appointee will be expected to workin the field of theoretical conde 
state physics. Current theoretical work in this area is in the field of 
critical phenomena, disordered systems and the electrodynamics of 
surfaces. Itis hoped that he/she would interact with some of the experi- 
mental programmes, which include, among others, quantum fluids, 
low dimensional systems, metals and magnetism. 
Salary in the Lecturer scale (£7,190 -- £14,125 per annum) plus 
membership of USS. 
Send self-addressed envelope (9" x 6”) for further particulars 
and application form to Mrs L Vivian, Personnel Office, Sussex 
House, The University of Sussex, Falmer. Brighton, BN1 9RH, 
Sussex. Applications must be received by 4th May 1964. E 


tt A 









Two Research 
faculty/ research scientist 


positions are available in the Department of Physics and the Centet_/ 
for Atmospheric and Space Sciences at Utah State University. Y 
Candidates should have a Ph.D. degree and experience in ` 
theoretical and/or experimental aeronomy and space physics. 
Experience in the following areas will be advantageous: 
experimental optical spectroscopy, theoretical modelling of the 
chemistry and dynamics of the stratosphere/mesosphere; 
theoretical modelling of the thermosphere/ionosphere. 
Opportunities exist to participate in stratospheric balloon, Space 
Shuttle and satellite flights, in the design and fabrication of 
experiments, and in data analysis and theoretical modelling. The 
opportunity also exists for a suitable candidate to assume program 
responsibilities. for a major optical remote sensing instrument. A 
comprehensive database of terrestrial emissions covering the 
extreme ultraviolet to the near infrared, and extending from the 
surface of the earth the thermosphere, was recently acquired on 
Spacelab 1, providing significant data analysis opportunities. The 
group is also involved in the development of comprehensive models 
of the photochemistry and dynamics of the thermoshere/ 
ionosphere/plasmasphere. It is planned to extend the modelling 
work to. the stratosphere and mesosphere in support of balloo 
measurements of key radicals. 
interested persons should submit a resumé and the names of three 
individuals who can be contacted for reference purposes to: 

M. R. Toor 

Department of Physics 

Utah State University, UMC 41 

Logan, Utah 84322. 
before April 30, 1984. Salary will be commensurate with experience. 
The Utah State University is located in scenic northern Utah, and is 
an affirmative action/ equal opportu nity employer.  (NW450)A 
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UNIVERSITY OF 
EAST ANGLIA 
Norwich 
LECTURESHIP IN 
PHYSICS 


plications are invited for this 
„ew Blood’ post in the School of 
-T Mathematics and Physics. The suc- 
cessful candidate will join a group 
engaged in positron and electron 
spectroscopies of solids and sur- 
faces and ideally would be capable 
of contributing to both the ex- 
perimental and theoretical sides of 
the ongoing research programmes. 
Previous experience in the general 
areas outlined above is desirable 
but not essential, Salary on the 
scale £7,190 to £14,125 per annum 
(under review) plus USS benefits. 


Applications (three copies) which 
should contain a full curriculum 
vitae, including exact date of birth, 
together with the names and ad- 
dresses of three persons to whom 
reference may be made, should be 
lodged with the Establishment Of- 
ficer, University of East An iia, 
Norwich NR477J, (telephone 6603 
96161 ext 2126) from whom further 
paricola may be obtained, not 
ater than 14 May 1984. No forms of 
application are issued, 



























Physicists interested in working in an exciting multinational scientific and technological 
project are invited to apply for posts at JET, the largest single project in the European fusion 


research programme, investigating the feasibility of nuclear fusion as anew energy source. as 
The project is sited in the attractive countryside of the Thames Valley at Culham Laboratory | ioe 























POSTDOCTORAL Over 500 staff are currently working on the project and we now wish to fill the following 
PHYSICIST OR additional vacancies for three Physicists within the expanding scientific programme tobe 
od CHEMIST carried out during the Project's operation phase up to the 1990's. ae 









-PA Senior Research Associate is re- 
quired for two years to assist Pro- 
fessor N.E. Cusack and Dr D.C, 
Champeney in the School of 
Mathematics and Physics to 
develop the use of a solid elec- 
trolyte (sodium beta-alumina) for 
research on conducting liquids. 
Details of the work and an rive 
tion form (to be returned by 14 May 

} may be obtained rom the 
Senior Administrative Assistant, 
School. of Mathematics and 
Physics, University of East Anglia, 
Norwich NR4 7TJ. Salary within 
the range £7,190 -- £8530 5.a. 
{under review} plus USS benefits. 

(1715) A 





The candidate appointed to the first post will work with other experimentalists on. the 
specification, construction and operation of surface analysis diagnostics and the interpret- 
ation of data. (Ref J2230). 


The successful applicant for the second position wiil contribute, as a member of the Physics 
Operations Group, to the proposal and evaluation of operating scenarios of JET, and the 
application of new developments in tokamak research. (Ref J2033). 


The third post, within the Radio Frequency Physics Group, is concerned with studies of ICRF 
physics, including interpretation of RF measurements, and the management of several l 
important research contracts. (Ref 43323). 


The successful candidates wili be offered appointments with the UKAEA who will assign 


them to JET. Salaries will be dependent on qualifications, age and experience in. the range 
£9,600-£4 5,980. CEU n 


Excellent working conditions including restaurant and social facilities are provided and 
other benefits include: 

è Generous holidays and sick leave allowance 

* Transport from many focal towns and villages 

e Moving or housing assistance in appropriate cases 


* Children of staff assigned to the project are entitled to attend the nearby European 
School : 


* Tuition in European languages is available to staff assigned to JET. 


For an application form and further details of the vacancies write to Personne! Department, _ 
UKAEA Culham Laboratory, Abingdon, Oxon OX143DB quoting the reference of the postis) 

in which you are interested. Closing date for applications is two weeks from the publication a 
of this advertisement. ATIOA 











































Post-Doctoral Position 


Send vitae, research interests, and 
names of references to Dr. Sidney 
L. Tamm, Boston University 
Marine Program, Marine Biological 
Laboratory, Woods Hole, Mass. 
02543. (NW462)A 





PROJET D'ANNONCE DANS NATURE 


Centre d'Immunologie INSERM-CNRS 
de Marseille-Luminy (France) 


Appel de candidatures de chercheurs 
Sur poste CNRS ou INSERM 


Le Centre d'Immunologie accueillerait des chercheurs confirmés sur ` > 
poste CNRS ou INSERM dans des équipes en cours de création ou de f 
reconversion (en particulier, mais non exclusivement, celles de Alain f 
DESSEIN, Pierre GOLSTEIN, Bertrand JORDAN, Bernard ` 

MALISSEN, Michel PIERRES et Bent RUBIN). Les programmes de ces 









BIOTECHNOLOGISTS! 


© Are you reading Bio/ Technology, the International Journal for 
dustrial Biology? 

























For a free sample copy of this new monthly Journal from the Publishers 
of Nature, please write or phone: 

















































Mirta Soto Felicity Parker équipes s‘articulent autour d'une approche par la biologie moléculaire a 
Bio/ Technolo Bio {Technolo de la différenciation lymphocytaire T ou de immunologie parasitaire, 
gY gy Une expérience en biologie moléculaire et/ou en immunologie- 
9 15 East 26th Street Houndmills Industrial Estate fondamentale est souhaitée. we 
d HA AOE ISUS rea iepa eco i Les candidats intéressés peuvent se mettre enta pr 
+. ; l ] y > + f ttry s l ie kA 
Ą Tel: (212) 689 5900 Tel.: (0256) 29242 Direction du Centre d'Immunologie INS 


Marseille-Luminy, Case 906, 13288 Marseille ç l 























: UNIVERSITY OF ZIMBABWE 
Applications are invited for the following posts: 
LECTURESHIP/SENIOR LECTURESHIP/ ASSOCIATE 
PROFESSORSHIP/ PROFESSORSHIP: 

Department of Chemistry 
Applicants should have a PhD in Analytical Chemistry. 

The successful candidate will be required to teach in analytical 
chemistry at undergraduate and postgraduate levels and to conduct 
research in analytical chernistry. Ability to contribute to teaching of 
inorganic or physical chemistry will be an advantage. 
LECTURESHIP/SENIOR LECTURESHIP/ ASSOCIATE 
PROFESSORSHIP: Department of Biological Sciences 
Preference will be given toan experienced zoologist with an appropriate 
doctorate degree in vertebrate zoology. The successful candidate will 

be required to teach undergraduate and postgraduate courses in 
comparative vertebrate biology and an introductory course in ethology, 
as well as supervise MSc and DPhil students in the field of vertebrate 
zoology. The appointee will be expected to initiate an active, locally 
relevant research programme as well as to develop a regional flavour in 
his courses. 


SALARY SCALES (Under review) Lecturer: Z$9,936 x432 — 
15,120 x468 — 15,588 480 -— 2$16,548. Senior Lecturer: 
7$17,028 x 480 — Z$19,428. Associate Professor: Z$17,508 x 480 — 
2$19,908. Appointment on above scales according to qualifications and 
experience. 

CONDITIONS OF SERVICE: Both permanent and short-term 
contracts are offered. Persons who are not Zimbabwean citizens may 
be appointed only on a short-term contract basis with an initial contract 
period of normally two years. Short-term contracts may, in exceptional 
cases, be extended. 


Six copies of applications giving full personal particulars (including 
< full name, place and date of birth, etc), qualifications, employment and 
experience, present salary, date of availability, telephone number and 
names and addresses of three referees should be addressed to the: 
- Director, Appointments and Personnel, University of Zimbabwe, PO 
< Box MP 167, Mount Pleasant, Harare, Zimbabwe (Telex 4-152 ZW), 
- from whom further particulars are available on request. 

Applicants should send an additional copy of their application to the 
Association of Commonwealth Universities (Appts), 36 Gordon 
Square, London WC1H OPF, from whom further particulars also 


= available. 


Closing date for receipt of applications is 4 May 1984. (W9I1D)A 


Bronchorespiratory 
Pharmacology 


Roussel Laboratories Limited is part of an 
with a leading position within the 


Telephone: 0793 24411. 








Canadian Centre for Toxicology 
Associate Director, 
Research 


Applications are invited for the position of ASSOCIATE ~ 


DIRECTOR, RESEARCH in the Canadian Centre for Toxicology, 
recently established by the University of Guelph, the University of 
Toronto, the Government of Canada, the Government of Ontario 
and Industry. Within four to five years the Centre will have a core 
scientific professional staff of approximately 40, a technical staff of 
80 and approximately 40 graduate students divided between the 
Universities of Guelph and Toronto. The Centre has established 
research programs in the areas of human epidemiology and risk 
assessment, aquatic and terrestrial systems toxicology, 
carcinogenesis and genetic toxicology, teratology, reproduction 
and behavioural toxicology, metabolism and pharmacokinetics, 
analytical chemistry and pathology. l 


The Associate Director, Research, will be responsible to the 
Director: will be Chairman of the Research Advisory Committee and 
will coordinate the research program of the Centre. He/shw will be 
responsible for the hiring of staff, for approving research grants and 
contracts on behalf of the Director, in close liaison with the 
Associate Director, Education. 


An applicant must hold a Ph.D. degree or equivalent in an 
appropriate discipline and should have an outstanding record in 
toxicological research. He/she should also present clear evidence of 
academic leadership and administrative ability, preferably ina multi- 
disciplinary setting. The incumbent must qualify for a faculty 
appointment in an appropriate academic department. The 
appointment will be for an initial period of five years, renewable. Full 


resumé and names of three referees should be sent to Dr. lan Lo, 


Munro, Director, Canadian Centre for Toxicology, University of 
Guelph, Guelph, Ontario, N1G 2W1. | 


Applications, which will be treated in confidence, will be accepted 
until June 15, 1984. The appointment is subject to final budgetary 
approval and, in accordance with Canadian Immigration 
requirements, priority will be given to Canadian citizens and 
permanent residents of Canada. (NW460) A- 


tt A 
















Biotechnology 


CELLULAR 
IMMUNOLOGIST/ 
SCIENTIST 


Cetus Corporation, recently named 
one of California’s fastest growing 
companies, has an immediate open- 
ing for a Cellular immunologist 
needed to develop in vitro and in 
vivo models which will define the 
role of lymphokines in cellular tumor 
immunity, This individual will be 
responsible for basic research in sup- 
port of current and. future clinical 
trials of lymphokines. Experience in 
organizing and directing a 
| laboratory with clear research goals 
| is necessary. = 


: -Fori onfidential consideration, send 
| resume to: | 









cetu | 















CHAIR PERSON 
Department of Immunology 


showa University Research Institute for Biomedicine 
n Florida anticipates the formation of a new 
lepartment of Immunobiology and Immunogenetics. 
To assist in this development, the Institute would like 
to begin to identify potential candidates for the 
position of Chairperson for such a department. 


The Department of Immunology may consist of one 
chairperson and four Institute members. The 
candidates for the position of chairperson should have 
at least seven years of experience in the research field 
of Immunology, with significant progress in their 
research program. 


The Institute is a non-profit organization partly 
supported by Showa University Medical School in 
Tokyo, Japan, and will be dedicated to cancer- 
orientated biomedical research. The Department of 
Virology and Molecular Genetics is currently in 
operation. Opportunities for affiliation with the 
University of South Florida College of Medicine in 
Tampa, Florida exist. The Institute is housed in a 
f recently completed facility of 33,000 sq. ft. in the 
í „beautiful area of St, Petersburg, Florida. Showa 
“a University Research Institute is an equal opportunity 

“ employer. Individuals interested in this position should 
send their curriculum vitae and a list of publications to 
the Chairperson of the Search Committee, Showa 
University Research Institute, 10900 Roosevelt Bivd., 
St. Petersburg, Florida, 33702 by June 1, 1984. 


Showa University Research Institute 
for Biomedicine in Florida 













A not-for-profit organization —_ (NW454)A 


ZURICH 


SWISS FEDERAL INSTITUTE OF 
TECHNOLOGY 





Institute for Cell Biology (ETH) 
CH-8093 Zürich, Switzerland 


Post Doctoral 
Research Assistant 


| Apolicailone are invited for the above post to work on the 

identification of functional components in 
photosynthetic membranes using immu nological and 
electron microscopical techniques. Research experience 
in membrane biochemistry (preferably on Pharos i 

membranes) is desirable. . 











The appointment commences October 1984 and will be 
for one year. 


Salary in accordance with age and experience c on ETH 
Grade 1 (Sfr. 52,000 to 68,000). 


Applications with curriculum vitae, a list of 
publications and the names of three referees should 
be sent to: Dr K. Mihlethaler, Institute for Cell 
_ Biology, ETH- Hondcerbery: CH-8093 Zürich, 

A, Switzerland.  (WB09A 


F i Citizenship is nota factor for consideration. 
g Position subject to final budgetary approval. a (nw 0) 






EERO 


Research Scientists 
Senior Research Scienti 


(2 positions) 


$A24,344-$A35,806 — 


Division of Applied Organic 
Chemistry 
Fishermen's Bend VIC Australia 


CSIRO conducts scientific and technological research in. se 
laboratories located oh os Australia and employs about 7 500 we 
staff, of whom some 2 are professional scientists. The o o0 ceo. 
Organization’ s research activities are grouped into five: institutes: af 
Animal and Food Sciences, Biological Resources, Energy and Earth 
Resources, Industrial Technology and Physical Sciences. The 
CSIRO Division of Applied Organic Chemistry is member of. the 
institute of industrial’ echnology. 


Field: Organic, Physical or Polymer Chemistry. 


General: The Division has a staff of approximately 100 people of p 
whom over fifty are professional scientists. The research ofthe == - 
Division is carried out in four programs: Biological Organic. __ 
Chemistry, Polymer Science, Chemicals from Coal and Solar- 
Photochemistry. The present vacancies are in the Biological 
Organic Chemistry and Polymer Science Programs. 


Duties: To undertake research in one of the research projects we) 
within the two broad programs. Projects include the study of oe 
defect groups in polymers, the design and synthesis of new 
insecticides, theoretical and computer graphic studies of the 
biological activities of organic molecules, spectroscopic studies of 
drug-receptor-interaction and design and synthesis of herbicide. oia 

Qualifications: A PhD degree or equivalent qualifications ina 
relevant field of chemistry plus a proven record of achievement in’ 
independent research. | 

Tenure: indefinite with Australian Government superannuation: ee 
benefits available. de 

Aparcar one Stating full personal and professional details, the : 
names of at least two referees and quoting eee NO. s 
A1029/ A1048, should be directed to: 

The Chief 
CSIRO Division of Applied Organic Chemistry 
GPO Box 4331 
MELBOURNE VIC 301 
AUSTRALIA 
By May 11, 1984, 
CSIRO IS AN EQUAL OPPORTUNITY EMPLOYER 









THE DEPARTMENT OF ANIMAL AND 
POULTRY SCIENCE | 
University of Guelph, 
seeks a faculty member at the _ 
assistant/ associate rank for a tenure-track | 
position in apg toe Sohne EE . 

MOLECULAR GENETICS -o 
The successful applicant will be expected to develop a strong 
research program in gene transfer and the expression of genes in 
developing avian and/or mammalian embryos. Major emphasis will’ 
include mediation of. gene transfer by retrovial transduction, 
recombinant DNA techniques, gene cloning, splicing and transfer. 
The appointee will be expected tobe an integral part of a university 
team approach to genetic engineering of farm animals. 


in addition to establishing a vigorous laboratory, the incumbent will 
aiso be expected to participate in the ongoing undergraduate and 
graduate teaching programs of the department. 


A PhD degree.with demonstrated expertise in molecular genetics or 
a related field is required. 


Applicants. should submit curriculum vitae, bibliography, 
recent reprints, transcripts, the names and addresses of at __ 
least three references to: Dr. R. R. Hacker, Chairman; - 
Department of Animal & Poultry Science, University ot 
Guelph, Guelph, Ontario, Canada, N1G 2W1. ee 


Closing date for receipt of applications is mee 15, 1984 oui 
the position is filled. 
























































RESEARCH FELLOWS 
(2 positions) 
: $A24,344 — $A30,038 
CSIRO conducts scientific and technological research in laboratories 
located throughout Australia and employs about 7,500 staff, of 
whom some 2,900 are professional scientists. The Organization's 
research activities are grouped into five institutes: Animal and Food 
Sciences, Biological Resources, Energy and Earth Resources, 
Industrial Technology and Physical Sciences. The CSIRO Division of 
Animal Health is a member of the Institute of Animal and Food 
Sciences and the Division of Protein Chemistry is a member of the 
Institute of Industrial Tonio ogy 
The CSIRO Divisions of Anima Health and Protein Chemistry, in 
collaboration with Biotechnology Australia Pty Ltd, have been 
awarded a three year grant under the Australian National 
Biotechnology Program for the developrnent of vaccines against 
gastrointestinal helminth parasites of sheep by the application of 
recombinant DNA techniques, Accordingly, applications are invited 
tor the following n within this project in hybridoma and 
recombinant DNA technologies. 
The tenure for both positions is a term of three years and Australian 
- Government superannuation benefits are available. 


IMMUNOLOGIST 


= DUTIES: To work with Dr J K Dineen (Division of Animal Health, 

. .McMaster Laboratory, Sydney, Australia), to undertake research on 

<> the development and evaluation of monoclonal antibodies to parasite 

antigens and to collaborate in their use as specific probes to identify 

<- and, as immuno-absorbants, to isolate protective antigens. 

QUALIFICATIONS: Applicants should possess a PhD degree or 
equivalent qualifications in microbiology, biochemistry or 
immunology. Practical experience with hybridoma goles and a 
knowledge of protein chemistry or molecular biology would be an 


advantage. 
APPLICATIONS: Stating full personal and professional details, the 
. names of at least two pro essional referees and quoting reference No 
- M9163, should be directed to: 
The Chief 
CSIRO Division of Animal Health 
Private Bag No 1PO 
GLEBE NSW 2037 
AUSTRALIA 
By May 11, 1984. 


MOLECULAR BIOLOGIST 


DUTIES: In collaboration with Dr C W Ward (Division of Protein 
Chemistry, Melbourne, Australia) to undertake research in the 
molecular biology program, studying gene structure and expression 
of host-protective antigens of gastrointestinal nematodes of sheep. 
QUALIFICATIONS: Applicants should possess a PhD degree or 
equivalent qualifications in biochemistry/molecular biology with 
experience in recombinant DNA technology. 
APPLICATIONS: Stating full personal and professionali details, 
names of at least two referees and quoting reference No M9162, 
should be directed to: 

The Acting Chief 

CSIRO Division of Protein Chemistry 

343 Royal Parade 


the 


PARKVILLE VIC 3052 

AUSTRALIA 

By May 11, 1984. (WSTTIA 
CSIRO IS AN EQUAL OPPORTUNITY EMPLOYER 






EE eieae 


CELL AND MOLECULAR BIOLOGY 
The Department of Biochemistry invites 
applications for faculty 


(Assistant/ Associate Professor) 


‘E positions in these areas. Preference will be given to applicants with 

expertise in regulation of gene expression who plan to study or are 
studying contemporary problems in eukaryotic molecular genetics, 
using recombinant DNA and/or monocional antibody techniques. 
_ Applicants should have broad training in biochemistry and 

molecular biology and will be expected to maintain and or develop a 
funded research program of high quality and to participate in the 
graduate and professional school teaching programs of the 
department of biochemistry. 


Applicants should send curriculum vitae, names of four 

individuals who may be contacted for reference, and a 

- summary of research interests or on-going project to: ifeanyi 

J. Arinze, PhD, Chairman, Department of Biochemistry, 

Meharry Medical College, Nashville, TN 37208. Meharry 

Medical College is an Equal Opportunity! Affirmative Action 
/ Employer. (NW397)A 




















| LECTURESHIP IN ORGANIC 


| chemistry, tenable from the I 


| VIROLOGY UNIT 
INSTITUTE OF VIROLOGY 
UNIVERSITY OF GLASGOW 


CAREER (TENURE) 
APPOINTMENT 
ELECTRON 
MICROSCOPIST/ 
MOLECULAR BIOLOGIST 


Applications are invited for this Non- 
Clinical Scientific Staff Career 
appointment (tenure to normal 
retiring age) tenable at the MRC 
Virology Unit in the first instance. 
The MRC Virology Unit is seeking an 
experienced scientist with extensive 
knowledge of electron microscopy 
aad personal experience of the EM 
techniques employed in virus 
research, e.g. thin sections, 
shadowing, nucleic acid spreads, 
heteroduplexing, R-loop mapping, 
immuno-electron microscopy, ete. 
Familiarity with scanning electron 
microscopy would be an advantage. 
The position in addition demands 
experience of molecular biological 
techniques like transcript mapping, 
cloning and sequencing. The 
appointment provides a unique 
opportunity to participate in a 
comprehensive multi-disciplinary 
research programme centred on the 
genetics and molecular biology of 
herpesviruses. The Institute provides 
excellent facilities and technical 
support for all types of biological, 
biochemical and recombinant DNA 
research. The appointee will have 
responsibility for running the Unit's 
electron microscopy facility, and will 
be expected to collaborate with other 
members of the Institute whilst 
pursuing a vigorous and independent 
research programme as agreed with 
the Director. 


Remuneration will be at an 
appropriate point on the scales for 
University Non-Clinical Academic 
Staff. Applicants should send a 
Curriculum Vitae giving full details 
of qualifications and experience and 
the names and addresses of three 
professional referees to the MRC 
Unit Director, Professor J.H. Subak- 
Sharpe, Institute of Virology, 
University of Glasgow, Church 
Street, Glasgow, Gll SJR. 
Applicatoins should be received by 
Tuesday, | May 1984. (1655)A 


eanna ai 


DURHAM UNIVERSITY 


CHEMISTRY 


Applications are invited for a ‘New |. 
Blood’ post in synthetic organic 


October, 1984. Preference will be 
given to applicants with research 
interests in the area of heterocyclic 
chemistry. 


Salary on the scale £7,190 — 
£14,125 with USS. 


Applications (3 copies, naming 
three referees should be sent_by i 
May 1984 to the Registrar, Science 
Laboratories, South Road, Durham 


DH] 3LE, from whom further parti- 


gil! cularsareobtained. (1698A | 5225M 


DEPARTMENT OF PARASITOLOGY 


LECTURER OR 
DEMONSTRATOR 





The EIES Committee 
concerned hopes soon to be in a 
position to appoint a University 
Demonstrator or University Lecturer 


rommence on 1 October 1984- 


under the UGC New Blood Scheme. 
The normal age limit is 35 years. 
Those already in a permanent 
appointment in a UK University are 
not eligible. Applicants should have a 
Ph.D. Degree or the equivalent. 


The Department of Parasitology is 
housed with the M.R.C. Unit of 
Biochemical Parasitology in The 
Molteno Institute. The successful 
candidate will have experience of 
molecular biological techniques 
relevant to the study of structure, 
biosynthesis an function of parasite 
surfaces and will be expected to 
develop a research project related to 
problems of persistence of parasitic 
helminths of man immunocompetent 
hosts. se 

E 


The appointment will be for th 
years, with the possibility, for å 
Lecturer, of reappointment to the ~ 
retiring age or, for a Demonstrator, 
of reappointment for two years. 







The pensionable scales of stipends, 
for persons not ordinarily resident in 
College, are: 


University Lecturer: £9875 a year, 
rising by eleven annual increments to 
£15085. There is no grade of Senior 
Lecturer. 


University Demonstrator: £7630 a 
year, rising by four annual 
increments to £9425. 


Further information about the 
duties and conditions of appointment 
may be obtained from the Secretary 
of the Appointments Committee for 
the Faculty of Biology ‘A’, Depart- 
ment of Zoology, Downing Street, 
Cambridge CB2 3EJ, to whom 
applications (three copies), in udine 
a curriculum vitae, list of pus 
tions, and the names of not moretian 
three referees, should be sent to as to 
reach him not later than 31 May 1984. 

(1649A 







mamenn naa ae anaana 


UNIVERSITY OF GLASGOW 


JOHN GRAHAM KERR 
CHAIR OF ZOOLOGY 


Applications are invited for the 
above Chair, tenable from Ist 
October, 1984, or such date as may be 
arranged. 


The person appointed wil 
expected to provide academic le: 
ship in the ecological sciences. 


Further particulars may be 
obtained from the Academic 
Personnel Office, University of 
Glasgow, Glasgow, G12 8QQ, where 
applications (3 copies; 1 copy in the 
case of overseas applicants), giving 
the names and addresses of not more 
than three referees should be lodged 
on or before 18th May, 1984. | 


In reply please quote Ref ‘No 
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Public Service Commission 






UNIVERSITY OF EAST Be Publ Commiésion ddlafacan, ore 
ANGLIA of Canada publique du Canada . 
| Norwich | 
LECTU R ER IN | 
LANT A dees ‘ 
shee eri ae Research scientist, 
eae ee ia Biostatistician 






“New Blood’’ Lectureship 
available from September 1984 in 
the area of plant molecular 
biology in the School of Biologi- 
eal Sciences. Candidates shoul 
ive a good honours degree in 
molecular biology, molecular 
genetics or biochemistry with 
relevant research experience 
preferably to post-doctoral level. 
n. interest in. developing a 

§ fesearch programme in molecular 
=< ig aspects of piant-pathogen inter- 
action would be an advantage. 


There will be opportunities for 







Fisheries and Oceans 

Fisheries Research Branch 

St. John’s, Newfoundland 
We require a senior scientist who has demonstrated a 
capacity to undertake basic and applied research projects 
designed to address a variety of fisheries science problems. 
We will rely on you to assist and collaborate with other 
scientists in the design, analysis and interpretation of various 
experiments involving multivariate data. 
You require graduation from a recognized university with 





















oe peborangn reer iy a doctorate degree in biostatistics, or a lesser degree with 
-JF (NOMPAG), a researc roup evidence of research experience and scientific productivity 






equivalent to that of a Doctoral degree. In addition, you 
require extensive experience in conducting research into 
methodology development and application, together with a 
proven record of publication. It is essential that you have a 
thorough knowledge of, and an ability to work with 
computers, Knowledge of English is essential. 

We offer a salary ranging from $44,275 to 857,803 
commensurate with your qualifications. 





Consisting of members of the 
School of Biological Sciences 
and the John Innes Institute who 
are interested in exploring funda- 

_ mental aspects of plant infection. 

The successful candidate will also 

be expected to make a contribu- 

ton to undergraduate courses in 

P fholecular bio ony. at will be 

“BF on the scale £7190 to £14125 per 

annum (under review) plus USS 
benefits. 

















Forward your résumé and/or application form, 
quoting reference number | 
84-NCRSO-DFO-RES-3( 4021 ), to: 

Joan Girling (613) 593-5331 

Public Service Commission of Canada 





reference ma 





should be lo 
Establishment 

nivers 
wich, NaS , IT 
-0603 









three referees you are par- 
ticularly requested to give on- 
ly the names of those who can 
immediately be approached. 








DEPARTMENT OF PHYSICS 
Applications are invited for a tenure 
track appointment as Assistant 
Professor in the field of Theoretical 
High Energy (elementary Particle) 
Physics. The successful candidate 
will have had at least two years post 
doctoral experience and will be 
expected to teach courses in nuclear 
and particle physics at the under- 
graduate and graduate levels and to 
pursue an active research pro- 
gramme. The appointment is subject 
to final funding approval. 


In accordance with Canadian 
Immigration requirements this 
ertisement is directed to 
adian citizens or permanent 
residents of Canada. 


Applications consisting of a 
curriculum vitae with the names of 
three referees (including the 
candidate’s two most recent super- 
visors or collaborators) should be 

.. sent before May 31st, 1984 to: 
Professor W J Megaw, Chairman, 
Department of Physics, York Uni- 
_ versity, 4700 Keele Street, 
= Downsview, Ontario, M3J 1P3. 
Canada. (NW456)A. 


























| 2RD.RefNos41, 


UNIVERSITY OF 
NOTTINGHAM 


SCHOOL OF AGRICULTURE 
DEPARTMENT OF PHYSIOLOGY 


AND ENVIRONMENTAL SCIENCE 


LECTURER IN 
SOIL SCIENCE 


The Environmental Science section | 


of the Department wishes to recruit a 


soil scientist with a wide interest in the 
influence of the environment on: 
plant growth. The successful candi- | 
date will be responsible for teaching | 
soil chemistry and related subjects | 
throughout an undergraduate course ` available from Ist August, 1984 — 


and for developing research on the | for three years. Further information | 


movement of nutrients in soil. | 
Preference will be given to candidates | 
with a first degree in chemistry or soil | 
science and an appropriate higher 


degree. 


Further details and application. 
forms, returnable not later than 7 | 
May 1984 may be obtained from the a 
PCY 
University of Nottingham, Uni- | ) | 
. Closing date 26th April, 1984, _ 
Ae a == (665A 


Staff Appointments Officer, 


versity Park, Nottingham, NG7 
(1677)A 


The Public Service of Canada is W 
an equal opportunity employer 





Ottawa, Ontario KIA OM7 
Closing date: 11 May 1984 
Tout renseignement est disponible en francais en 
Sadressant a la personne susmentionnee. 





UNIVERSITY OF WARWICK 
DEPARTMENT OF BIOLOGICAL 
SCIENCES | 
POSTDOCTORAL 
RESEARCH FELLOW IN 
MOLECULAR VIROLOGY 


In the Department of Biological | 


Sciences to work on a project funded 
by the Medical Research Council. 
The work will be concerned with the 
application of recombinant DNA 
techniques to the study of 


Mammalian reoviruses. Salary will | 


be on the Research 1A scale: £7,190 
to £11,615 pa.. The position is 


can be obtained by telephoning Drs 
M A McCrae or A J Easton on 
Coventry (0203) 24011, Extension 
6024/6079. Applicants should send a 
CV with the names and addresses of 


- two referees to the Executive Officer, | 


: Department of Biological Sciences, 
Uni Of Warwick, Coventry 






V4 7AL, quoting reference 


AM/NAR. 





UNIVERSITY OF 
EAST ANGLIA 
Norwich | 

LECTURESHIP IN 
APPLIED MATHEMATICS. 
Applications are invited for this 
post, tenable from October 1984, 
in the School of Mathematics and. 
Sl ites The successful applicant. 
will probably have research. 
interests in a branch. of fluid | 
mechanics. The appointment will | 
be on the scale O to £14,125. 


J Establishment 


Universit 
Norwich 
than 27 A 
applicat 
naming 
particu 








Fermentation Development. 






























techniques. 


engineering. 





Two vacancies have arisen in the Biochemistry Section of 


The Fermentation Development Department is concerned with 
developing fermentation and enzymatic processes used in the 
production of antibiotics and related metabolites. The work is 
carried out by multi-disciplinary teams in modern, 
well-equipped laboratories and pilot plants. 


A microbial biochemist is required to join a team involved in 
providing biochemical information relevant to the 
medium/process development programmes and in biochemical 
characterisation of novel strains produced by mutation, 
cross-breeding or r-DNA technology. Applicants should possess 
a good honours degree in microbiology or biochemistry, 
preferably with a post-graduate qualification, and must have 
practical experience of using advanced biochemical 


We also require a microbial biochemist to assist with work on 
data analysis and fermentation scale-up. Applicants should 
possess a good honours degree in mic robiology or biochemistry 
with some experience in computing and biochemical 


In addition to a competitive starting salary, our benefits include 
a non-contributory pension scheme, free life assurance, 
22 days’ annual holiday and an excellent sports and social club. 


if you are interested, then write or phone for further 
information to: Mr R P Reynolds, Senior Personnel Officer, 
Beecham Pharmaceuticals, Clarendon Road, Worthing, 

West Sussex BN14 8QH. Tel: Worthing (0903) 39900, ext. 332. 


Beecham ~- 
Pharmaceuticals 









ST. MARY’S HOSPITAL 

~ MEDICAL SCHOOL 
= (University of London) 

À -~ Norfolk Place, 

London W2 1PG 

“NEW BLOOD” 
~ LECTURESHIP IN 
PHYSIOLOGY 
ications are invited from 
ologists to work on the micro- 
ation. Preference will be given 
ndidates with an interest and 




















ulation to its functions or in 





partmental Lecturer 





hould be sent to the Assistant 





biained, at the above address to 






neé in either the relation 
the ultrastructure of the 


biology of endothelium. The - 
ssful candidate will be a full | 
and 
icipate in teaching as well as | 
search. Applicants should be aged 


“Applications in the form of a full 
riculum vitae (in duplicate) and | 
mes and addresses of two referees — 


ecretary (Personnel), from whom — 
rther written details should first be _ 


b 4May.-  (6ODA LT E ac ee 


MASSACHUSETTS | 
INSTITUTE OF 
TECHNOLOGY 


Francis Bitter 
National Magnet Laboratory 


NMR SPECTROSCOPIST 


PhD physical scientist with demon- 
strated extensive experience in state- 
of-the-art NMR, preferably in the 
application of solution state high 
resolution NMR to problems in 


| biology. and biochemistry. Will | 
- undertake independent research to 


conceive and apply new NMR tech- 


niques to the study of biomacro- 
molecules. Position offers excellent | 


opportunity for collaboration and 
the use of advanced instrumentation 


such as 500 MHz/photo-CIDNP, | 


wide bore 360 MHz and 600 MHz 
spectrometers. Send resumé and 


three letters of recommendation to: | 


Dr L J Neuringer, MIT, Francis 


Bitter National Magnet Laboratory, | 


170 Albany Street, Cambridge, MA 


02139. MIT is an equal opportunity | 


affirmative action employer. 





Applications are invited for a 
Lectureship in Physiology to be filled | 


NWaSS)A | 


INSTITUTE OF VIROLOGY 
UNIVERSITY OF GLASGOW 


CAREER (TENURE) 
APPOINTMENT 
ANIMAL VIRUS 

GENETICIST/MOLECULAR 
GENETICIST 


Applications are invited for this Non- 
Clinical Scientific Staff Career 
appointment (tenure to normal 
retiring age) tenable at the MRC 
Virology Unit in the first instance. 


The MRC Virology Unit is seeking 
an established animal virus geneticist 
familiar and experienced with all 
aspects of detailed ‘‘classical’’ 
genetic analysis of animal virus 
systems, e.g mutagenesis, 
conditional lethal mutant isolation 
and characterisation, complementa- 
tion, recombination, genome 
segment reassortment etc, Some 
experience of population genetics 
and/or of mammalian cell genetics 
would be an advantage. In addition, 
the appointee must have expertise in 
molecular genetic techniques such as 
cloning, site specific mutagenesis, 
marker rescue, etc. The appointment 
provides a unique opportunity fo 
participate in a comprehensive multi- 
disciplinary research programme 
centred on the genetics and molecular 
biology of herpesviruses. The 
Institute provides excellent facilities 
and technical support for all types of 
biological, biochemical and 
recombinant DNA research. The 
successful applicant will be expected 
to collaborate with other members of 
the Institute whilst pursuing a 
vigorous and independent research 
programme as agreed with the 
Director. 


Remuneration will be at an 
appropriate point on the scales for 
University Non-Clinical Academic 
Staff. Applicants should send a 
Curriculum Vitae giving full details 
of qualifications and experience and 
the names and addresses of three 
professional referees to the MRC 
Unit Director, Professor J.H. Subak- 
Sharpe, Institute of Virology, 
University of Glasgow, Church 
Street, Glasgow, Gli SJR. 
Applicatoins should be received by 
Tuesday, | May 1984. (1654)A 


UNIVERSITY OF LEICESTER 
DEPARTMENT OF PHYSIOLOGY 


LECTURER 


from 1 October 1984. 


Salary will be at an appropriate | 
point on the Lecturers’ Scale £7,190 | 
to £14,125 (under review) according 
to age, qualifications and experience. 


Further particulars from the} 
Registrar, University of Leicester, 
University Road, Leicester, LEI} 
TRH, to whom applications on the | 
form provided should be sent by 11} 
May 1984.. Mee 


Applications are invited from suit- 








of Newcastle upon 





| UNIVERSITY OF THE WEST 





INDIES 
MONA CAMPUS 
LECTURER/ASSISTANT 
LECTURER IN ORGANIC 
CHEMISTRY L 





ably qualified persons for the post of 
Lecturer/Assistant Lecturer in 
Organic Chemistry in the Depart- 
ment of Chemistry at the Mona 
Campus. The successful applicant 
will be expected to participate in the 
teaching and organisation of the 
Chemistry courses and to contribute 
to the research programme of the 
Department. 


Salary scales: (from 1/7/84) 
Lecturer J$23,688 x 768 - J$28,296 
(B) x 825 - 3$33,246; Assistant 
Lecturer 3$20,379 x 717 - 3$21,813. 
(£1 = 394.91 on 27/3/84). 


FSSU Study and Travel Grant. 
Unfurnished accommodation will be 
let by the University at a rental of 
10% of basic salary, or a housing 
allowance of 20% of basic salary will 
be paid. Up to five full passages 
(economy class) on appointment and 
on normal termination. 


Detailed applications (ht 
copies) giving full particulars 
qualifications and experience, date of 
birth, marital status, and the names 
and addresses of three referees 
should be sent as soon as possible to 
the Registrar, Liniversity of the West 
Indies, Mona, Kingston 7, Jamaica. 
Further particulars of the post are 
available from the same source or 
from the Assistant Secretary General 
(Appointments), Association of 
Commonwealth Universities, 36 
Gordon Square, London WCIH 
OPF, to whom residents in the UR 
should also send a copy of their 
applications. [WIRA 








UNIVERSITY OF 
NEWCASTLE UPON TYNE 
Faculty of Medicine g. 


READERSHIP IN THE 
DEPARTMENT OF 
ANATOMY 
Applications are invited for 
appointment, from as early a date as 
possible, to an established 
Readership in the Department of 
Anatomy. Candidates should be 
trained in basic anatomy, have sub- 
stantial teaching experience in gross 
anatomy and have research interests 
in a broadly morphological field. 





| Possession of a medical qualification | 


will be an advantage, but is not a 
requirement. E 

Salary will be at a point on. the 
Reader’s scale £13,515 -— £16,9 
annum, with membership of fhe 
appropriate superannuation scheme. 


Applications, (15 copies), giving 





the names of three referees must be 


lodged with the Registrar, University. 
: Tyne, 6 
Kensington Terrace, Newcastle upon 
Tyne NEL 7RU, not later than 
Monday, 14 May 1984, from whom 
further particulars may be obtained. 
(Applicants from outside the British 
Isles may submit one copy ees ce 







A 





UNIVERSITY OF THE 
WITWATERSRAND, 
JOHANNESBURG, 
SOUTH AFRICA 


DEPARTMENT OF GENETICS 


SSOCIATE PROFESSOR/ 
- SENIOR LECTURER 


Applications are invited from 
suitably qualified persons, regardless 
of sex, race, colour or national 
origin, for appointment to the post of 
Associate Professor/Senior Lecturer 
in the Department of Genetics: 


Applicants should have a PhD in 
Genetics or an equivalent qualifi- 
cation in an appropriate related field 
such as Microbiology or Bio- 
chemistry together with a working 
knowledge of Genetics. l 


The. successful. applicant will be 
-expected to teach topics in Prokary- 
= otic Molecular Genetics and Genetics 
< of Microorganisms to third year and 
Honours students and to undertake 
the supervision of post-graduate 
students in these fields. A knowledge 
of recombinant DNA technology and 
= an interest in the molecular genetics 
of higher plants will be a recom- 
ipendation. 


< The salary range attached to the 
post is as follows: Associate Profes- 
sor R21,237-R26,115 per annum. 
Senior Lecturer: R16,557-R24,045 
per annum, 


A pensionable allowance of 12% is 
also payable. The initial salary notch 
will be determined according to the 
qualifications and experience of the 
successful applicants. Benefits for 
full-time permanent staff include 
pension and medical aid fund 
membership, an annual. bonus, 
generous leave. privileges, 750% 
remission of tuition fees for 
dependents attending the University 
and a housing subsidy, if the 
applicant is eligible. A removal, 
travel and settling-in allowance may 
be payable. 


For a detailed information sheet 
cantact Mr Geoff Henning, South 
AfMican Universities Office, 
Chichester House, 278 High 
Holborn, London WC1IV 7HE, 
London. Telephone: 01-405-5834 by 
31 July 1984, (WIDA 


MRTE naaa 


POSTDOCTORAL 
SCIENTIST 


NEUROBIOLOGY 


One or two openings will become 
available this Spring (1984) for a well 
trained PhD or MD with a back- 
ground in Neurosciences. Areas of 
investigation include interactions 
between nerve and skeletal muscle 
~aggiyicholine receptor tunorver, 















‘nerye-muscle junction formation, 
regulation of cellular metabolic 
Properties. Techniques used include: 
neurophysiology, neuropharmaco- 
logy, cell culture, receptor 
metabolism, neuroimmunology. 


Please reply to Dr Daniel B 
Drachman, Department of Neuro- 





logy, Johns Hopkins University, 


School of Medicine, 600 N. Wolfe 
Street, 5-119 Meyer Building, 
Baltimore, Maryland 21205. 


O (NW457I)A 









Universiteit van Amsterdam 
Faculty of Medicine 


professor of biochemistry (m/f) 


(full-time) 











Applications are invited for the position of Professor of Bioche mistry, in 

particular Molecular Biology. The successful applicant will be expected to: 

* participate in the education program of biochemistry for students of 
medicine with special responsibility for molecular biology 

e perform, motivate and co-ordinate research in the field of molecular 
biology as applied to the study of human disease 

* participate in- administrative and organizing tasks within the faculty 

* possess good didactic qualities and extensive experience in teaching 

e show extensive experience in the performance of biochemical research 
by published papers and academic thesis . 

* possess good organizing qualities. 


If the successful applicant has another native tongue than Dutch it is to be 
expected that he/she will learn it within two years of appointment. 


Gross salary depends ona 
to Dfl. 9,283.- per month ( 


Your application includin 
references should be nu 
H.J. van der Helm, Dep 
University of Amsterda 
1105 AZ Amsterdam, 
be directed. Telephon 


ge and experience and ranges from Dfl. 6,561.- 
Dutch Civil Servants Code). 


g a curriculum vitae, a list of publications and 
mbered 7711 and submitted to prof. dr. 

t. of Clinical Chemistry, Academic Hospital of the 
m, Academical Medical Center, Meibergdreef 9, 
The Netherlands, to whom any enquiries should also 
€ 020-566 4046. 


Woman in particular are invited to apply. 


UNIVERSITY OF 
EDINBURGH 


DEPARTMENT OF FORESTRY AND 
NATURAL RESOURCES 












Applications are invited for the 
post for 
LECTURER IN 
PLANT ECOLOGY 


Applicants should have a degree in 
ecology, botany, forestry or similar 
subject and should have research ex- 
perience in an appropriate area of 
plant ecology, such as temperate or 
tropical forest ecology, grazing 


impact on plants, biomass/produc- 


+ 


Department covering a wide range of | 
interdisciplinary interests in Ecologi- 
cal Science and the management of 
renewable natural resources, will 
teach in undergraduate and postgra- 
duate courses, including field 
courses, and will be expected to 
pursue and promote research in 
his/her field. It is intended to fill the 
position on or before | October 1984. 


Salary scale: £7,190 (£8,530 min. 
over age 27) — £14,125 (under 
review). 


Applications (three copies with 


names of two referees should be sent, | F 
not later than 15 May 1984, to the | | 


Secretary to the University, Old 


College, South Bridge, Edinburgh, | | 
EH8 9YL, from whom further parti- | 


culars may be obtained. Please quote 
ref. 1119, | (1685)A 


tion ecology or a similar topic. The |. 
- Successful applicant will join a | 


(W895) A 


Canadian Centre for Toxicology 


Associate Director, 
Education 


Applications are invited for the position of ASSOCIATE 
DIRECTOR, EDUCATION in the Canadian Centre for Toxicology, 
recently established by the University of Guelph, the University of 
Toronto, the Government of Canada, the Government of Ontario 
and industry. Within four to five years the Centre will havea core 
scientific professional staff of approximately 40, a technical staff of — 
80 and approximately 40 graduate students divided between the 
Universities of Guelph and Toronto. Joint interdisciplinary M.Sc: 
and Ph.D. programs in toxicology have been approved in principle 
by both Universities. The Associate Director, Education, will be 
responsible to the Deans of Graduate Studies in developing the 
graduate programs of the Centre. The incumbent reports to the 
Director and will be Chairman of the Administrative/ Advisory 
Committee of the joint graduate program in Toxicology of the 
Universities of Guelph and Toronto and will, therefore, co-ordinate. 


all aspects of graduate education in toxicology; including 


admissions, curriculum, examination, recruiting and funding in 


close liaison with the Associate Director, Research. He/ she would 4. 
be responsible for lecture/seminar programs, extensions, $ 


continuing education and retraining programs in toxicology in both 
Universities. 
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Appointments 


‘NEW BLOOD’ LECTURESHIPS 
Department of Pure and 
Applicants should have proven rese 








Applied Zoology 
arch ability in cellular physiology or 


inorganic biochemistry and an interest in applying new approaches to 
studying the availability and metabolism of metals in a variety of 


organisms. (Ref. NB 841). 


Department of Soil Science 

The Department wishes to develop research in soil biochemistry 
possibly in conjunction with a programme of work on the decompo- 
sition in soil of crop and animal residues. (Ref. NB 842) 


Department of Geology 


Applicants should be sedimentologists preferably with research 
interests in Applied Sedimentology (e.g. postdepositional porosity 
formation in hydrocarbon reservoirs and aquifers, geotechnical 
properties of sedimentary rocks or numerical modelling of sedimentary 


systems). (Ref. NB 845) 


Department of Physiolog 
A research background in endocrino 


y & Biochemistry 


logy and/or immunology required. 


- Knowledge of hormone-receptor interactions will be used to establish 
immunological procedures to manipulate growth and reproduction in 


farm animals. (Ref. NB 846). 


Department of Physiology & Biochemistry 


Applicants should have a strong in 
| molecular biology and/or genetics 


terest in applying the techniques of 
to fundamental problems in animal 


growth and development. The appointee will join an existing group 
researching into gene expression relevant to animals of agricultural 


importance. (Ref. NB 847). 


Ali the appointments are from 1 October 1984. Current salary 


-scale £7,190 to £14,125 p.a. Furt 


her particulars for each post and 


application forms (2 copies) are available from the Personnel 


Officer, University of Reading, 
2AH. Tel. (0734) 875123 ext 220. 


~ Closing date 11 May 1984. 


Whiteknights, Reading RG6 
Please quote appropriate Ref. 
(1708}A 


eccrine nt it 


UNIVERSITY OF WARWICK 


~ POSTDOCTORAL FELLOW 
OR RESEARCH ASSISTANT 
: IN VIROLOGY/ 
IMMUNOLOGY 


“In the Department of Biological 


_ pciences. There is a vacancy funded 
by the M.R.C. for three years to 
“study immunological responses 









virus infections by defective 
yterfering virus. The starting salary 
--will-be up to the 4th point on either 
“the Research Range IA scale: £7,190 
c ew (£8,530) — £11,615 p.a. or the 
- Research Range IB scale: £6,310 — 
~~ Applicants should send a c.v. 
detailing relevant experience, 
“together with the names and 
< addresses of two referees, to the 
~ Executive Officer, Department of 
~ Biological Sciences, University of 
© Warwick, Coventry, CV4 TAL, 
quoting reference number BS/576/ 
~ONJD, by 25th April, 1984. 

` Informal enquiries to Dr N J 
< Dimmock, 0203-24011, ext. 6093. 
aes (L66DA 











- involved in the attenuation of CNS | 


UNIVERSITY OF 
NOTTINGHAM 
SCHOOL OF AGRICULTURE 


DEPARTMENT OF APPLIED 
BIOCHEMISTRY AND FOOD 
SCIENCE 
Sutton Bonington, 


Loughborough, 
Leics LE12 5RD 


SHELL FORMATION AND 
QUALITY IN LAYING HENS 


As part of a continuing collaboration 
between Nottingham University and 
The Poultry Husbandry Experiment- 
al Unit, Harper Adams College, 
opportunities exist for post-graduate 
studies in shell formation and 
quality. Candidates should be UK 
citizens, preferably resident in 
England or Wales, and will be 
expected to enrol for the degree of 
PhD. They should have, or expect to 
have, an upper second class honours 
degree, or better, ina physiological, 
biochemical or related agricultural 
science. Applications, including 
personal and academic histories, 
should be made by post to Dr K N 
Boorman at the above address. 
(1644)A 


UNIVERSITY OF 
LIVERPOOL 
“NEW BLOOD” 


LECTURESHIP IN ORGANIC 
CHEMISTRY 


Applications are invited for the post 


| of Lecturer in the Department of 


Organic Chemistry, established 
under the UGC ‘New Blood’ initia- 
tive and tenable from tst October, 
1984, Candidates should normally be 
aged 35 or under on appointment. 
Persons holding permanent univer- 
sity appointments in the UK, of 
whatever kind are ineligible for 
appointment to this post. ‘New 
Blood’ appointments will be 
primarily for research. 


Applicants should have a strong 
chemical background, hold a PhD 
degree, and have completed one year 
or more of post-doctoral research. 
The successful candidate will be 


expected to carry out research related | 


to aspects of the chemistry of 
enzymes. Candidates with practical 
experience in one of the following 
fields would be particularly welcome: 
Studies of enzyme action, enzyme 
blocking, the use of enzymes for 
selective synthesis (including poly- 
nucleotide chemistry), chemical 
modification of enzymes, 
immobilised enzymes including their 
use in chemical sensors, enzyme 
modelling. 


The initial Salary will be at an 
appropriate point within a specified 
range on the Lecturer scale 
(£7,190-£14,125 per annum). 


Applications together with the 
names of three referees, should be 
received not later than 8th May, 1984 
by The Registrar, The Liniversity, PO 
Box 147, Liverpool, L69 3BX, from 
whom further particulars may be 
obtained. Quote Ref RV/276/N. 

(L675)A 


UNIVERSITY OF WARWICK 


LECTURESHIP IN PLANT 
BIOCHEMISTRY 


This post in the Department of Bio- 
logical Sciences has been established 
under the UGC’s ‘New Blood’ initia- 
tive. Applications are invited from 
persons with a PhD in biochemistry, 
genetics or related subjects interested 
in applying modern biochemical 
techniques, especially recombinant 
DNA technology, to study the 
expression of genes for organellar 
proteins and to produce mutant 
forms of toxic and allergenic plant 
proteins. The appointeee will be 
expected to develop own research 
programmes and to teach in under- 
graduate courses. Candidates should 
normally be aged 35 years or under. 
Salary on the Lecturer scale: 
£7,190-£14,125 pa. Further particu- 
lars and application forms from the 
Registrar, University of Warwick, 
Coventry CV4 7AL quoting Ref No 
NB/1/84/0. Closing date for receipt 
of applications 11th May, 1984. 
(1668)A 





| Applications are invited for. tp 





UNIVERSITY COLLEGE OF 
“NORTH WALES, BANGOR 
DEPARTMENT OF PHY SICAL 
OCEANOGRAPHY 


OCEAN COLOUR | 
Applications are invited for the post- 
of ps 

RESEARCH OFFICER 

in an investigation of the use of 
Remote Sensing in determining the - 
spatial distribution of plant pigments 
and suspended sediments in the shelf 
seas. The programme, which is 
sponsored under the NERC special 
topic in Remote Sensing, will involve 
the evaluation of data from satellite 
and aircraft sensors in relation to sea 
surface radiometric and water quality 
measurements. 





The appointment will be for three 
years commencing as soon as 
possible. 


Candidates should have a higher 
degree in Physical Oceanography or 
other relevant discipline and be 
prepared to undertake work at sea for 
up to two months per year. 


Salary will be in the range: 
£7,190-£8,530 per annum on the R & 
A IA scale depending on age and 
experience. a a 

“i go 


Applications (two copies), giving 
details of age, qualifications and 
experience, together with the names 
and addresses of two referees, should 
be sent to the Personnel Office, Uni- 
versity College of North ‘Wales, 
Bangor, Gwynedd LL37 2DG, by not 
later than 30th April, 1984, from 
whom further particulars can also be 
obtained. (Informal enquiries may be 
made to Professor J Simpson, 
Department of Physical Oceano- 
graphy, Marine Science Labora- 
tories, Menai Bridge. Tel No (0248) 
712641, Extension 264). (1695)A 
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UNIVERSITY 
OF YORK 


DEPARTMENT OF 
BIOLOGY 





AFRC-funded post to study ir 
cellular transport in plants using 
micro-iniection and micro-electrode 
methods. Some experience in micro- 
injection is desirable. The post is 
available for three years. 


Starting salary £7,190 per annum, 
Research and Analagous scale 1A. 


Four copies of applications, with 
full curriculum vitae and naming 
three referees, should be sent by 
Friday 4 May 1984 to Registrar’s 
Department (Appointments), 
University of York, Heslington, 
York YOI SDD, from whom further 
particulars are available. Please 
quote reference no 14/6193. 

{(17160)A 





Please mention 


nature 


when replying to 
these advertisements 





0o.. NATURE VOL. 308 12 APRI 





UNIVERSITY OF 
CAMBRIDGE 


SENIOR ASSISTANT IN 
RESEARCH OR ASSISTANT 
DIRECTOR OF RESEARCH 
QUATERNARY RESEARCH) 






The Appointments Committee 
_. concerned hopes soon to be in a 


position to appoint a Senior Assistant 
in Research or Assistant Director of 
Research in Quaternay research, to 
commence on 1 October 1984 under 
the UGC New Blood Scheme. The 
normal age limits is 35 years. Those 
already in a permanent appointment 
in a UK University are not eligible. 
The person appointed will have 
research and teaching experience in 
< the field of Quaternay stratigraphy 
and sedimentology, and will be 
<: expected to research and teach in 

_interdepartmental and departmental 
: Courses in these areas. The appoint- 
ment will be in the first instance for $ 
years, with the possibility of 
reappointment for further periods. 
The salaries for persons not 
ordinarily resident in College are on 
the incremental scales 


Senior Assistant in Research: 
10 





.\ Assistant Director of Research: 
875 — 14125 | 
Applications in duplicate with the 
names of two referees should be sent 
by 31 May 1984 to the Secretary of the 
Faculty of Biology ‘A’ Appointments 
Committee, Department of Zoology, 
Downing Street, Cambridge CB2 
3EJ, from whom further details can 
be obtained. (1648)A 


maanneensa aa A 


UNIVERSITY OF LONDON 
INSTITUTE OF 
PSYCHIATRY 


DEPARTMENT OF NEUROLOGY 


w REQUIRED 
~~ for research project 


MEDICAL LABORATORY 
SCIENTIFIC OFFICER 





to. perform histological studies 
relating to cellular mechanisms 
leading to neuronal damage in 
cerebral hypoxia/ischaemia or 
prolonged seizures and the 
Prevention of such damage by 
: pharmacological means. 

-The project is grant-supported for 
three years. The appointment will be 
made for one year initially with 
possibility of extension. 


Starting salary £5491 pa + £1042 
i bondon Weighting on Whitley 
“Council Scales & conditions of 
_For further information contact 
Dr B Meldrum (Tel 703 5411 Ext 73). 
For application form please send 
stamped addressed envelope to the 











Assistant Secretary, Institute of 


Psychiatry, De Crespigny Park, 
Denmark Hill, London SES 8AF 
quoting Ref BSM/N. 








< Closing Date for applications: 27 
April 1984. (1664) 


UNIVERSITY OF EXETER 
LECTURESHIP IN PHYSICS 


Applications are invited for the post 
of Lecturer in Physics, tenable from | 
October 1984. The post is one of the 
University’s New Blood appoint- 
ments, for which applicants must 
normally be under 35 years of age, 
but this should not be regarded as a 
deterrent to much younger appli- 
cants. 


The successful applicant will join 
the low temperature group which is 
working on experiments with liquid 
‘He at T<O.1.K. Current interest 
includes quantum evaporation, roton 
scattering, stimulated emission of 
phonons and the development of a 
Helium acoustic microscope. 
Expertise in some aspect of low 
temperature physics is essential and 
candidates are invited to join in the 
current work or propose an 
innovative research programme in 
the general area of low temperature 
physics. 


Salary will be within the Lecturer 
scale £7,190-£14,125 per annum 
(under review) with placement 
appropriate to age and experience. 


Further particulars available from 
the Personnel Office, University of 
Exeter, Exeter EX4 4QJ, to whom 
applications (eight copies) giving the 
names of t referees, should be 
sent by 8 May 1984, quoting reference 


no 3368. 
(1694)A, 
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POST DOCTORAL position in 
virology available July 1, 1984 to 
study the pathogenesis of the 
demyelinating disease of mouse due 
to Theiler’s virus. Preference will be 
given to individuals with experience 
in DNA cloning or monoclonals 
antibodies. Please send curriculum 
vitae and names of three references to 
Dr M Brahic, Unité Rage, Institut 
Pasteur, 25, rue du Dr Roux, 75724 
Paris Cédex 15, France. 
(W879)A 
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UNITED MEDICAL AND 
DENTAL SCHOOLS OF 
GUY’S AND ST. THOMAS’S 
HOSPITALS 


OFFICER 


required to assist in a 3 year research 


project funded by the Medical 
Research Council to investigate the 
specificity of paraproteins from 
patients with polyneuropathy for 
neurons in the CNS, Candidates must 
have HNC or HND or equivalent 
qualification with experience in 
Immunology and/or Immunohisto- 
chemistry. Initial salary £5,491 plus 
£1,042 London Weighting. Apply in 
writing to the Secretary, United 
Medical and Dental Schools, Guy's 
Hospital Medical School, London 
Bridge, London SE1 9RT quoting 


| Ref HP1. For further information | 
| Please ‘phone 01-407 7600 ext 3382. 


(1704)A 


. } research programme and 
LABORATORY SCIENTIFIC | : 
| graduate teaching. 
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AUSTRALIA , 
FIELD: Plant breeding and its methodology. ee 
CSIRO conducts scientific and technological research in laborato ies 


located throughout Australia and employs about 7,500 


staff, of 


whom some 2,900 are professional scientists. The Organization's 
research activities are grouped into five Institutes: Animal and Food 
Sciences, Biological Resources, Energy and Earth Resources, mee 
industrial Technology and Physical Sciences. The CSIRO Division of 
Horticultural Research is a member of the Institute of Biological 


Resources. 


LOCATION: The Division has laboratories at Adelaide, South 
Australia (Headquarters) and Merbein, Victoria. The successful 


applicant will be located at Merbein 


DUTIES: To undertake research on the development of superior K 
rootstocks and fruiting varieties of one or more woody horticultural. 


species using conventional breed 


ing methodol 


ogy. Scope exists for 


investigations into the use of in vitro technologies. The characters of : 
principal interest are salinity tolerance, resistance to pests and A 
diseases, suitable vigour and final tree size and desirable fruiting 
characteristics. The appointee will be expected to develop aciose 
liaison with piant physiologists working toward the development of © 

improved selection techniques for salinity tolerance and disease 
resistance, and would work jointly within subprograms concerned 


with plant breeding 


and salinity, 


methods 
QUALIFICATIONS: A PhD degree in botany, horticulture or 
agriculture, or equivalent qualifications with specialised training in 


plant breeding and genetics. 


TENURE: indefinite, following an appropriate probationary 


period. 


Australian Government superannuation benefits are available, 


APPLICATIONS: Stati 


full personal and professional details, the 


names of at least two professional referees, and quoting reference 


No A2949, should be directed to: 
The Chief 
CSIRO Division of Horticultural Research 


GPO Box 350 
ADELAIDE SA 5001 
AUSTRALIA 

By May 11, 1984. 


QUEEN’S UNIVERSITY 
DEPARTMENT OF PHYSIOLOGY 


NEUROENDOCRINOLOGIST 


A vacancy will exist commencing 
August ist, 1984 for an established 
neuroendocrinologist. The applicant 
should have the PhD and/or the MD 
degree, several years teaching 
experience and a proven research 
record. The applicant will be 
expected to lead an active high quality 
mn to par- 

ticipate in undergraduate and 
a The facilities for 
research are outstanding and the 
appointment is a regular one under 
tenure regulations. In accordance 
with Canadian immigration require- 
ments priority will be given to 
Canadian citizens and permanent 


residents. 


Applicants should submit a 
curriculum vitae, a brief statement of 
their research interests and 
objectives, selected reprints, and the 
names of three referees from whom a 
confidential assessment of research 







and teaching abilities may be 
obtained to: Dr V C Abrahams, 
Depar of Physiology, Queen’s 
-Unive Kingston, Ontario, 
Cana (NW466)A 














UNIVERSITY OF LEICESTER | 
DEPARTMENT OF BOTANY 


POST-DOCTORAL o 
RESEARCH ASSOCIATE | 
Photocontrol of Assimilate a 

Partitioning = 
Applications are invited from plant 
biochemists/ physiologists for a Post- 
doctoral Research Associate position : 
on a project concerned with the role 
of light quality in the control of assi- 5 
milate distribution in crop plants, 
Funded by Monsanto Europe S.A, 
the collaborative programme will be- 
carried out mainly at Leicester, 
although some work in the Monsanto _ 
Europe Laboratories near Brussels : 


Applicants should have a PhD and 
should preferably have experience in ~ 
plant biochemistry. Knowledge of 

















“two years of majo 
+ fornominations an 


employer; and women, minority, or handicapped candidates are 
(NW464)A 


THE HEBREW UNIVERSITY OF JERUSALEM 
The Institute of Life Sciences 


PLANT PHYSIOLOGIST 


-Tenure track position available Assistant/ Associate Professor in Dept. 

of Botany. 

- Send C.V., List of Publications and names of at least three 

| references to: Prof. A.M. Mayer, Dept. of Botany, The Institute 

of Life Sciences, The Hebrew University of Jarun, Aiga 
jA 


Jerusalem, Israel, until 1 July 1984. 



















AUSTRALIA 
Royal Melbourne institute of Technology Limited 


-LECTURER IN MEDICAL RADIATIONS 
; DEPARTMENT OF APPLIED PHYSICS 


| The applicant will conduct lectures in the paramedical courses and 
participate in research programmes. The appointee should have a 
relevant tertiary qualification and a broad experience in medical 
ftadiations, also experience of computer applications in medical 
-= diagnosis and thereapy, e.g. imaging and treatment planning would 
- be desirable. 
This is a tenured position. 
Salary within the range $A23,394 — $A30,734 p.a. 
A position description should be obtained from Staff Branch, RMIT, 
GPO Box 2476V, Melbourne, 3001, Victoria, Australia, Tel (03) 341 2337. 
§ Applications quoting Ref. No. 121/14/AN to the Staff Officer, by 
=. May 28th, 1984. (WB893JA 


UNIVERSITY OF ABERDEEN 
Regius Chair of Surgery 


<The Secretary of State for Scotland invites applications for the Regius 
< Chair of Surgery in the University of Aberdeen which is presently 
vacant. i 
is expected that in “addition to high: professional standing and 
excellence in research, the new Regius Professor should have the 
capacity and the motivation for a role in leadership in the Department of 
Surgery, in the Faculty of Medicine and in the University as a whole. 
note of the Conditions of Appointment and Further Particulars may 
obtained from: 





_ The Secretary 
Scottish Education Department 
Room 3 174 
New St Andrew's House 
EDINBURGH 
‘EH13SY 
‘accompanied by the names of three 


ve copies of applications, acc : | 
rees, should be sent to the above address by 21 May 1984. (1700A -= | 





DEPARTMENT OF PHYSIOLOGY _ 
AND ENVIRONMENTAL SCIENCE 


Applications are invited for two 
‘new blood’’ lectureships (as fol- 
lows) to be held within the Faculty of. 
Agricultural Science, Sutton 


Bonington. Both lecturers will be 


expected to contribute to under- 
graduate teaching and postgraduate 
research. 


(a) NEUROPHYSIOLOGY and 

NEUROPHARMACOLOGY. 

Candidates should preferably hold 
an Honours degree in Physiology and 
postgraduate research training in 
neurophysiology or neuropharmaco- 
logy and have research interests in 
neuro-endocrinology. (Ref No 940). 


(b) PLANT MOLECULAR 
BIOLOGY 


Candidates should have an interest 
in the identification, isolation and 
characterisation of plant genes which 
may be involved in some aspect of the 
control of higher plant growth and 
development at the molecular level, 
Relevant training and experience 
particularly in gene cloning and 
sequencing is required. (Ref No 934). 


Further particulars and 
application forms, returnable no 
iater than 30 April 1984 may be 
obtained from the Staff Appoint- 
ments Officer, University of 
Nottingham, University Park, 
Nottingham, NG7 ZRD. Please quote 
Ref No. (1678)A 


KING’S COLLEGE LONDON 
(University of London) 


QUEEN ELIZABETH 
COLLEGE 


CHELSEA COLLEGE 


ONE YEAR TEMPORARY 
LECTURESHIP IN 
PHYSIOLOGY 


Occasioned by the award of a 
Nuffield Foundation Science 
Research Fellowship to Dr N J 
Abbott. Applicants should have a 
PhD in Physiology and some teach- 
ing experience, particularly in neuro- 
physiology. Tenable from 1 October 
1984, this is primarily a teaching 
appointment, but research facilities 
may be available for collaboration 
with members of the department 
(experience in electron microscopy, 
microelectrode or radioisotope tech- 
niques would be an advantage). 

Salary in the range £7,190-£8,530 
on a scale rising to £14,125, plus 
£1,186 per annum London Allow- 
ance. 


Application forms and further 


details are available from Mr S P 


Harrow, Assistant Registrar, King’s 


` College London,- Strand, -London, 






Applications should be submitted in 
duplicate, with- | 














84 





possible, and not — 


(1689A | May 1984. 







LIVERPOOL 
«NEW BLOOD’ — 
LECTURESHIP IN 
THEORETICAL HIGH +4 

ENERGY PHYSICS 





Applications are invited for the post 
of Lecturer in the Department of . 
Applied Mathematics and Theoret 
cal Physics, established under the — 
UGC ‘New Blood’ initiative and 
tenable from 1 October, 1984. 
Candidates should normally be aged 
35 or under on appointment. Persons 
holding permanent university 
appointments in the UK, of whatever 
kind, are ineligible for appointment 
to this post. ‘New Blood’ 
appointments will be primarily for. 
research. The research area of this — 
lectureship is Theoretical High 
Energy Physics. 


The initial salary will be at an 
appropriate point within a specified | 
range on the Lecturer scale (£7, 190 
-£14,125 per annum). 


Applications, together with the . 
names of three referees, should be. . 
received not later than 11 May, 198%, 
by the Registrar, The University, P 
Box 147, Liverpool, L69 3BX, from 
whom further particulars may be 
obtained. Quote Ref: RV/278/N. 

(1680)A 






Serine 


UNIVERSITY COLLEGE 
LONDON 


DEPARTMENT OF ANATOMY AND . 
EMBRYOLOGY 
HARD TISSUE UNIT 


ACADEMIC INITIATIVE, 
LECTURESHIP ‘ 
MSc in Mineralized Tissue 
Biology 





Applications are invited for a new 
Lectureship in Hard Tissue Biology. 
The appointed lecturer would be 
expected to organise an MSc course. 
for graduates of varied disciplines, 
inc medicine, dentistry, anthro- 
pology, archaeology, anatomy and 
zoology; to participate in under- 
graduate teaching commitments, and 
actively pursue research interests in 
some aspect of mineralised tissue 
biology. Excellent research facilities. 
are available. 

Further information ca 
obtained from Professor Alan Boyde 
(Head of the Hard Tissue Unit), fek. 











01-387 7050 ext.635. ee 
Applications in writing with cv, list 
of publications and names and 


addresses of three referees, should be 
‘gent to Assistant Secretary 
(Personnel), University College 
WCIE 6BT. , 

Closing date for applications 11 


London, Gower Street, London 
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-© CANTERBURY 
_ Chemical Laboratory 





ECTURER IN SYNTHETIC 
ORGANIC CHEMISTRY 


ations are invited for this 











ndidates with interests particularly 
nthe field of synthesis. Salary will be 
on the Lecturers Scale: £7190 — 
14125 per annum. 


_ Application forms and further 
articulars may be obtained from Mr 
cJ- S Cowie, Senior Assistant 
Registrar, Faculty of Natural 
© Sciences, Chemical Laboratory, 
«University of Kent at Canterbury, 
Canterbury, Kent CT2 7NH, to 
“whom completed applications should 
: be submitted by Monday, 21 May 
_ 1984. Please quote ref: A17/84/N. 

SEES (1662)A 





` UNIVERSITY OF BATH 
SCHOOL OF PHARMACY 
#\ND PHARMACOLOGY 


` RESEARCH OFFICER IN 
MEDICINAL CHEMISTRY 






Applications are sought from 
candidates with a higher degree in 
‘Medicinal chemistry or organic 
chemistry and experience in organic 
Synthesis for a project on the 
development of antagonists of potent 
Narcotic analgesics. 


: The post is for a period of two 
years at a salary up to £8,530 p.a. 
according to age and experience. 


< Informal enquiries may be directed 
to Dr A F Casy. (0225 61244 ext 784). 
Further details and application forms 
from The Personnel Officer, 
University of Bath, Bath, BA2 7AY, 
quoting ref no: 84/49. Closing date: 
30.484. (1647)A 





NIVERSITY OF WARWICK 
LECTURESHIP IN 





















i 3 Lectureship tenable in The 
Department of Physics from Ist 
Jctober, 1984. The successful candi- 
mate will be expected to engage in 
search on the application of 
grm computational techniques to 
ution of problems in solid state 
es, which is the central theme of 
esearch work of the Department. 
didates should preferably be 
SS or under. Salary on the 
er scale: £7,190 — £14,125 p.a. 
ing to age and experience. 













her particulars and applica- 
rms from the Registrar, Uni- 
Warwick, Coventry CV4 
ing Ref No: NB/6/84/0 

r receipt of appli 













receipt 





IIVERSITY OF KENT AT 


Blood”? appointment from 






UNIVERSITY OF 
NOTTINGHAM 


DEPARTMENT OF BIOCHEMISTRY 
AND FOOD SCIENCE 


LECTURER IN MACRO 
MOLECULAR 
INTERACTIONS 


Applications are invited for a 
lectureship under the national 
scheme to encourage the appoint- 
ment of younger members of the 
academic staff (“New Blood’’ 
scheme) and tenable on the Sutton 
Bonington campus. Special responsi- 
bilities include fundamental research 
into interaction of biopolymers in 
Food Systems and assisting in the 
Food Science teaching programme. 


Applicants should possess a First 
or Upper Second Class Honours 
degree in Chemistry, Physics or Bio- 
physics together with appropriate 
postgraduate qualifications and 
experience, 


Applicants should normally be 
under the age of 35 years and salary 
will be within the range 
£7,190-£14,125 per annum. 


Application forms and further par- 
ticulars, returnable not later than 30 
April 1984, may be obtained from the 
Staff Appointments Officer, 
University of Nottingham, 
University Park, Nottingham, NG7 
2RD. Ref No 935. (L679)A 





UNIVERSITY OF 
LIVERPOOL 


“NEW BLOOD” 


LECTURESHIP IN 
MOLECULAR 
IMMUNOLOGY 


Applications are invited for the post 
of Lecturer in the Department of 
Immunology, established under the 
UGC ‘New Blood’ initiative and 
tenable from Ist October, 1984. 
Candidates should normally be aged 
35 or under on appointment. Persons 
holding permanent university 
appointments in the UK, of whatever 
kind, are ineligible for appointment 
to this post. ‘New Blood’ appoint- 
ments will be primarily for research. 


The successful candidate will be 
expected to develop research 
activities within the pregnancy 
immunology group. Experience in 
molecular genetics, human preg- 
nancy, transplantation or tumour 
immunology would be preferred. 


The initial salary will be at an 
appropriate point within a specified 
range on the Lecturer scale 
(£7,190-£14,125 per annum). 


Applications together with the 
names of three referees, should be 
received not later than 28th May, 
1984 by The Registrar, The 
University, PO Box 147, Liverpool, 


| L69 3BX, from whom further | 
particulars may be obtained, Quote _ 


‘ticulars: 





Please mention 













The Department of Microbiology has a major interest in the 
production and exploitation of animal cells grown in cult 
To take advantage of present genetic engineering capabilities, 
a new appointee is required to help develop new, engineered 
animal cell lines and to follow their progress through the scale- 
up procedure which would render such lines useful. _ 
Work on new methods to establish engineered cell lines and 











experiments designed to increase understanding of thefactors .. a i 
which can be used to control foreign gene expressioninanimal =] 


ceils will be encouraged. 

We are looking for an animal cell microbiologist who has had 
some experience or a basic interest in the genetic manipulation 
of such cells. Experience in cloning, characterisation, growing 
and storing of such cells would be an advantage. (Ref 258/N), 
Closing date 11th May 1984. 


Robens Institute of Industrial & 
Environmental Health & Safety 


“NEW BLOOD” LECTURESHIP 
IN TOXICOLOGY 


Applications are invited for this new post in the Robens- 
institute of Industrial & Environmental Health & Safety. 

The successful candidate will be expected to have a particular 
involvement in: 

a) research mechanisms of toxicity. Experience in extra- 
hepatic toxicity and/or the use of ceil systems for toxicological 
investigations would be advantageous. 

b) the development and teaching on the Robens Institute/ 
Biochemistry Department post experience short course 
programme in toxicology. (Ref 259N). Closing date 11th May 
1984. 


Department of Chemical & Process 





Engineering 
NEW BLOOD” LECTURESHIP 
N PARTICLE TECHNOLOGY 


Applications are invited for a “New Blood” post in Particle 
Technology, to work specifically on storage and handling of 
bulk solids. The successful applicant will be expected to 
complement and collaborate with the Department's existing 
activities in Particle Technology, and also with the 
Geotechnical Engineering Group in the Department of Civil 
Engineering at the University of Surrey, in developing a 
research programme and undergraduate and postgraduate 
courses in this area. | 


Applicants with qualifications in Chemical Engineering will be 

preferred, but individuals with suitable qualifications in Civil or 
Mechanical Engineering will be considered. Applicants should 
have a PhD or equivalent industrial experience in Storage and 


handling of bulk solids. Under the UGC’s “New Blood” 
initiative, the age limit for appointment is 35, but in exceptional 


cases candidates just over 35 may be considered. (Ref 260/ No 
Closing date 4 June 1984. mo aie 


Salary will be in the range £7,190-£14,125 per annum 
according to age, qualifications and experience. 
Superannuation under USS conditions. 


Further particulars are available from the Academic 


Registrar (LFG), University of Surrey, Guildford, Surrey, 


GU2 5XH, or telephone Guildford 571281 ext 633. 


Applications from men and women, in the form of a 
curriculum vitae, including the names and addresses of 


three referees, should be sent to the same address 


by the closing date stated quoting the appropriate — i 
reference. (1691)A - A 

































YOU'VE GOT A 





BRIGHT IDEA 


for new biological or 
chemical compounds. 


WE HAVE THE CAPITAL 


to develop new drugs. 


We are not a pharmaceutical firm but a Swiss based, 
independant financial group which is prepared to fet you 
participate ina capital venture for the exploitation of your 


project. 


Our objective: the development of new biological or chemi- 
cal products having previous pharmalogical screening up 
to the stage of clinical tolerance and efficacy required to 


permit licensing negotiations. 





Ramer eRe Sree 





To obtain all the information required for initial selection, 
please write in English, Franch or German to: 
DEBIOPHARM S.A. Petit-Chéne 38 - 1001 LAUSANNE 


(Switzerland). W732)A 
HERIOT-WATT UNIVERSITY 
UNIVERSITY OF BATH 

DEPARTMENT OF 
BREWING AND BIOLOGICAL EXPERIMENTAL OFFICER 
SCIENCES 
LECTURESHIP IN For Electron Microscopy of 
MARINE MICROBIOLOGY Biological Materials. The post, which 
` Applications are invited for the is in the University’s Electron Optics 


~ above post, which is a ‘New Blood” 
appointment, and is available from 
Ist September, 1984. Applicants 
should possess an Honours Degree in 
microbiology, have carried out 
postgraduate research in microbial 
ecology, and have an interest in 
farine systems. 


The initial salary will be on the 
Lecturer salary scale £7,190 — 
£14,125 per annum. Further 
particulars and an application form 
may be obtained from the Staff 
Officer, Heriot-Watt University, 
Chambers Street, Edinburgh EHI 
{HX with whom applications should 
be lodged not later than 30th April, 
1984 quoting reference No 32/84. 


Centre, involves collaboration in 
both teaching and research, 


Applicants should have practical 
experience in methods of preparing 
biological materials and in the 
techniques of transmissions and 
scanning electron microscopy. 


A degree in biology or an 
equivalent professional qualification 
is desirable. 


Salary in the range £7,202 — 
£8,602 pa depending on qualifi- 
cations and experience. 


Application forms and further 
particulars from the Personnel 
Officer, University of Bath, Bath 
BA2 7AY. Closing date: 27.4.84. Ref 


(1719A | No: 84/54. (TIDA 
L nUnnSnnnennEn Tne 
UMIST re will oe eos to age, 
qualifications and experience on the 
LECTURER scale £7,190 — £14,125 pa. 


Applications are invited for a “New 

Blood’ Lectureship in Cell Biology. 

Preference will be given to candidates 
_in the fields of hormones, membrane 
<o receptors, or neurobiology. 


Requests for application forms 
and further particulars, quoting 
reference B10/40, should be sent as 
soon as possible to The Registrar, 
Room 19, UMIST, PO Box 88, 
Manchester M601QD. (1718)A 


a | UNIVERSITY OF ABERDEEN 
F Regius Chair of Obstetrics and Gynaecology 


The Secretary of State for Scotlan 


d invites applications for the Regius 


© Chair of Obstetrics and Gynaecology in the University of Aberdeen 
which falls vacant on 1 October 1984 on the retirement of Professor lan 


<- McGillivray. 


it is expected that in addition to high professional standing and 
excellence in research, the new Regius Professor should have the 
capacity and the motivation for a role in leadership in the Department of 
© Obstetrics and Gynaecology, in the Faculty of Medicine and in the 


University as a whole. 


A note of the Conditions of Appointment and Further Particulars may 


: i be obtained from: 


The Secretary 


Scottish Education Department 


DIRECTOR 

| Institute for Environmental 
Medicine 

University of Pennsylvania 


The University of Pennsylvania 
School of Medicine seeks a 
distinguished investigator to direct 
the Institute for Environmental 
Medicine. This institute is a special- 
ized unit that emphasizes studies of 
atmospheric, aerospace and 
pressure physiology. The position 
includes utilization of pressure 
chambers for studies in man. 
Candidates shouid be eligible for a 
senior faculty position. 


Applicants should forward curricu- 
lum vitae and bibliography to: 
Karen Lawrence, Office of the 
Dean, University of 
Pennsylvania, School of 
Medicine, 36th and Hamilton 
Walk, Philadelphia, PA 19104. 
The University is an affirmative 
action/equal opportunity 


employer. 
(NW452)A 


AANNAME N TTI ANT NOT 


HAREFIELD HOSPITAL 
Harefield, Middlesex 


CELLULAR 
IMMUNOLOGIST 


Required to work in transplant Unit. 
Recently qualified PhD or experi- 
enced graduate to work on human 
T cells, experience in cell culture and 
T cell cloning would be an advantage. 


Curriculum vitae with names of 
two referees to Personnel Office. 
Closing date27th April. (1701)A 









RSITY OF LEICES1 

DEPARTMENT OF CHEMISTRY. 

LECTURESHIP IN 
CHEMISTRY 


| Applications are invited for a. 


Blood Lectureship in Chemistry Trg 
candidates with interests and achieve 
ments in the application of Nucieai 
Magnetic Resonance Spectroscopy tc 
chemical and biological problem 
The age of the successful candidat: 
should not normally exceed 35.at th 
date of appointment. The post i 
tenable from 1 October 1984. : 


Initial salary will depend on» 
qualifications and experience on the = 
Lecturers’ Scale £7,190 to £14,128 
(under review}. 


Further particulars from the 
Registrar, University of Leicester, 
University Road, Leicester, LEI 
TRH, to whom applications should 
be sent on the form provided by 26 
May 1984. Informal enquiries can be 
made to Professor S. Trippett, 
Department of Chemistry. (163 DA 


seuss vsnuprenertnnemarsominniiuheitnnteenemmrstiticanadstetN Rte HAANAtEh aG 


POSTDOCTORAL or Research. 





for Plant 
University, Tower Road, Ithaca, 
New York, USA 14853, an Equal 
Opportunity/Affirmative Action 
Employer. (NW463)A 


snes R 


SEMINARS and SYMPOSIA 


Molecular Biology of Aging: 
Gene Stability and Gene Expression 
19 October 1984 


Roosevelt Hotel, 45th and Madison Avenue 





New York, N.Y. 


The annual symposium, which is the highlight of the meeting of the 


American Aging Association (AGE) to be held 18 to 20 


ctober: 


1984, will focus on age-related changes in the replication and repair = 
of DNA, and on the RNA transcription and translation. The = 
symposium is organized by Drs. R. Sohal, L. S. Birnbaum, and R.G. 


Cutler. Speakers will include Drs. B. Ames, P. Hartman, S. 
C. Marotta, G. Martin, L. Mays-Hoopes, 


K. Kim, 
H. Niedermuller, A. 


Richardson, R. Schmookler-Reiss, H. Sies, G. C. Webster, and J. > 

Williams. A poster session will be held with the symposium. The = 
proceedings will be published by the Raven Press in its Biology of 
Aging series. For further information and abstract forms for poster =- 


submission (the mailing deadline for abstracts is 29 June), write or 
call: Dr. D. Harman, Executive Director, AGE, University of =- 










Nebraska Medical Center, 42nd and Dewey Avenue. Omaha, 
Nebraska 68105; telephone 402-559-4416. (NW465)M 


THE VTH INTERNATIONAL MEETING 







ON METHODS IN 
PROTEIN SEQUENCE ANALYSIS 
To be held at Churchill College, Cambridge from 

July 30th — August 2nd, 1984. _ 







Room 3/ 114 
New St Andrew's House 
EDINBURGH 
£EH13SY 


Five copies of applications, accompanied by the names of three © 


referees, should be sent to the above address by 21 May 1984. 


Topics: Direct Protein Sequencing, Computer analysis of prote 
sequences, protein/peptide hplic, DNA sequencing, oligonucleo 


synthesis. 


Total Cost including accommodation and all meals £220. " 
Enquiries to Dr. J.E. Walker, MRC Laboratory of Molecular Biol 

















nstitute for three years for: 


|} CROP PROTECTION DIVISION 
- Department of Plant Pathology 
and Microbiology 


-= The project is to undertake a search 
using mutation and colony selection 
_ methods for novel strains of edible 
-fungi with increased bioconversion 
_. of lignocellulosic substrates. 


-= Minimum qualifications are First 
Or Upper Second class honours 
_ degree in Microbiology, Genetics, 
_. Biochemistry or related disciplines. 


2) PHYSIOLOGY AND 
CHEMISTRY DIVISION 


_. The project is a joint one between 
_ CGCRI and the Monoclonal Antibody 
_ Centre at the Institute of Animal 
_. Physiology, Babraham and will 
_ involve the production of mono- 
clonal antibodies to phytochrome 

from. different plant species and the 
of these reagents in the study of 
ytochrome action. 


_.. Minimum qualifications are First 
or Upper Second Class honours 
-degree in Biology or Biochemistry. A 
-= Strong interest in developmental 
plant physiology would be an 
advantage. 

_... Application forms from Admini- 
< Strative Assistant, Glasshouse Crops 
_ Research Institute, Worthing Road, 
_ Rustington, Littlehampton, W 
Sussex, BN16 3PU. Closing date 4 
May 1984. (1688)F 









o; SCOTTISH CROP 
c> RESEARCH INSTITUTE 
: Invergowrie, Dundee DD2 SDA 


AFRC RESEARCH 
SYA DENTSHIP IN PLANT 
he VIROLOGY 

< Applications are invited for an 
Agricultural and Food Research 
< Council studentship tenable for three 
years from October 1984 at the 
< Scottish Crop Research Institute for 
_ research leading to a higher degree. 


The project concerns the structure 
and properties of the particle protein 
-Of nepoviruses and the viral gene 
-coding for it. The work will form part 
_of a-research programme on nepo- 
uses, which are an important 
group of nematode-transmitted plant 
Viruses. 
-> Applicants should hold, or expect 
& obtain this summer, a first or 
Pet second class Honours degree in 




















lemistry, molecular biology or 
er relevant biological science. 
Further details and application 
ms. may be obtained from the 
sonnel Office, Scottish Crop 
earch Institute, Invergowrie, 
ee DD2 SDA. The closing date 
pplications is 4 May, 1984. 


e Institute is an Equal 
unities Employer. 











il Studentships tenable at the 


(1672)F 





meat 


n 





Birmingham 


Lectu reships 


Following the UGC's announcement of its allocations to universities for “new blood” 
appointments, applications are invited from suitably qualified graduates for 
LECTURESHIPS in the following areas with the qualifications indicated: 


(i) 


(ii) 


(iii) 


(iv) 


(v) 


(vi) 


(vii) 


( viii) 















Faculty of Science and Engineering 


Department of Physics 

(a) Astrophysics (Solar Physics). Established skills in the acquisition and 
analysis of observational data on solar/stellar seismology. (ref: D1). 

(b) Nuclear Structure Physics. Experience in charged particle spectroscopy 
to participate in the experimental! programme with heavy ion beams at the 
NSF Daresbury. (ref: F2). 


Department of Chemistry — inorganic Chemistry. 

The area of synthesis particularly in coordination and/or inorganic 
organometallic chemistry, with interest in spectroscopy and/or 
electrochemistry. (ref: F2). 


Department of Geological Sciences — Groundwater Pollution. 
Candidates sought to specialise in aspects of pollution chemistry, solute 
transport modelling, and pollutant monitoring in the groundwater 
environment. (ref: G1). 


Department of Zoology & Comparative Physiology — Biotelemetry. 
(i) Demonstrated ability in the design, construction and use of biotelemetry 
equipment; {li} expertise in computer interfacing and data analysis; (iii) 
postgraduate experience in comparative physiology. (ref: J2). 
Department of Genetics — Quantitative Genetics. 

A good honours degree with postgraduate experience in the application of 
eu modelling, statistics and computing in any field of genetics. 
ref: L1). 


Department of Microbiology — Fungal Pathogenicity in Animals. 

Post doctoral candidates, experienced in studies on microbial pathogenicity 
to develop research and teaching on fungal pathogenicity in animals. 
Experience in mycology helpful but not essential. (ref: M3). 


Department of Electronic & Electrical Engineering 
(a) Remote Sensing. Candidates should be able to contribute to a research 
programme in Radar Oceanography in one or more of the areas: microwave 
and H.F. Radar techniques, mathematical inversion processes, radar data 
interpretation and processing. (ref: S4). 
(b) Traction Research. Experience in power-electronic drives and their 
oe and/or computer simulation of power circuits and systems. (ref: 

5). 


Department of Chemical Engineering — Fluid Mixing and Rheology. 
Chemical engineers (preferred), mechanical engineers, physicists or 
chemists with research or industrial experience and interests in the named 
area. (ref: T4). 


Further information about these posts can be obtained from the 
Assistant Registrar (Science and Engineering) on 021-472 1301 
ext 2559. 


Faculty of Medicine and Dentistry 


(i) Immunology 
An immunochemist with a strong grounding in cell biology is 
required to work on the cellular basis of immunity at the molecular 
level. (ref: Imm 1), 


{ii} Rheumatology 
A scientist with experience in biochemistry/ immunology is required 
for a programme relating free radical mechanisms to cellular 
immunity in inflammatory rheumatic disease. (ref: Rheum 1). 


Further information about these posts can be obtained from 
the Assistant Registrar (Medicine and Dentistry) on 021-472 
1301 ext 3377. 
it is expected that those appointed will be aged 35 years or less. Starting 
salary according to age and experience, will be in the range £7,190 — 
£14,125 per annum, plus superannuation. 


Applications, 3 copies, should include a curriculum 
vitae and the names of three referees and should be 
sent to the appropriate Assistant Registrar, at the 
address below by 16 May 1984. 

University of Birmingham, P.O. Box 363, 


Birmingham B15 2TT. (1705)A 














































technological properties. 


Bosman (Delft), D. C. Doetsc 
J. Lynch (Sydney), 


Stefanski. 


grants will be available. 


Telephone (902)-867-3992. 


NATO Advanced Study 
Institute f 
Excited State Probes in 
Biochemistry & Biology 
September 17-28, 1 
Acireale Italy 
to: Dr. A. G. Szabo 
ical Sciences, NRCC 
A ORG. 


membranes; 
and 





GRANTS and 
SCHOLARSHIPS 










THE ROYAL SOCIETY 
SCIENTIFIC PUBLICATIONS 
= GRANT 













\pplications for grants from the first 
allotment of the Scientific Publi- 
cations Grant for 1984 should be 
made not later than 22 May 1984 on 


forms obtainable from the Executive 
retary, The Royal Society, 6 
ariton House Terrace, London, 
WIY SAG. The Grant is for the 
sistance of scientific publications in 
e United Kingdom, particularly, 
not exclusively, those of scientific 
eties and institutions. 




















inthe | Edinburgh, 


(Sydney), A. F. Gaines (Birming 





NATO — ADVANCED STUDY INSTITUTE — ASI 


Applications of 
New Spectroscopic Techniques 
to Coal Science 
St. Francis Xavier University 
Antigonish, Nova Scotia, Canada 


August 5-August 18, 1984 


The Institute will represent an overview of recent advances in 
vibrational, magnetic resonance, photoelectron, and fluorescence 
spectroscopic techniques as applied to the elucidation of structural 
features of coals and consequent physical, 


Amongst the lecturers will be: D. E. Axelson (Edmonton), R. 
hman (Binghamton), R. A. Durie 
ham), D. W. Jones (Bradford), L. 
K. H. Michaelian (Edmonton), D. D. Ottesen 
(Livermore), and D. L. Perry (Sunbury-on-Thames). 


Organizing Committee: J. C. Donini, L. Lancaster, B. M. Lynch, M. 


The course is open to scientists from universities, government and 
industrial laboratories, postdoctorate workers and advanced 
students in all aspects of coal sciences. A basic farniliarity with 
current concepts of coal structure will be assumed. 


A limited amount of financial assistance in the form of partial travel 


For further information, contact: Professor B. M. Lynch (ASI 
Director), Department of Chemistry, St. Francis Xavier 
University, Antigonish, Nova Scotia B2G 1C0, Canada. 


Closing date for applications: 15 June 1984. 


| 
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STUDENTSHIPS continued 
D AA nee e nen 


THE UNIVERSITY OF 
MANCHESTER 


DEPARTMENT OF CHEMISTRY 
RESEARCH STUDENTSHIP 


Applications are invited for an SERC 
(CASE) Studentship involving the 
theoretical study of hydrogen 
bonding in relation to drug design in 
collaboration with ICI Pharmaceuti- 
cals Division. Applicants should 
expect to obtain a first or upper 
second class degree, Further 
information from Professor I H 
Hillier, Department of Chemistry, 
The University, Manchester M13 
OPL. (1646)F 


UNIVERSITY 7 
OF EDINBURGH 


DEPARTMENT OF 
ORTHOPAEDIC SURGERY 


Applications are invited from those 


| who hold, or expect to obtain, a First 


or Upper-Second-Class Honours 
degree, for a three year studentship in 
one of the following topics: 


a) Physiological and pathological 
control of bone blood flow. 


b) Mathematical analysis of 
multiple indicator outflow dilution 
curves and ion exchange in bone. 


A degree in physiology or a related 
subject would be appropriate for the 
first project, whereas the second 
project would be suitable for a 
graduate in the physical sciences. 


Candidates should write to Dr I 


McCarthy, Department of 
Orthopaedic Surgery, University of 


Medical Scho 
iot Place, Edinbur 













Tg 














Buildings, 
189 8S, 






ol 


THE UNIVERSITY OF 
SHEFFIELD 


Research studentship for two years to 
work in the University Department of 
Haematology at the Royal Hallam- 
shire Hospital. Interest and experi- 
ence in electron microscopy an ad- 
vantage. A graduate will be able to 
register for a Master’s degree by 
research on the subject of the project. 
Applications (one copy) together 
with the names of referees to be sent 


to Professor G Hudson, Medical | 
i School, Beech Hill Road, Sheffield 
| S10 2RX by 30 April 1984. Quote ref: 


R68/G. (1702)F 


neh hehe Tal aaa naaa a 


THE LONDON HOSPITAL 
MEDICAL COLLEGE 
(University of London) 


MRC RESEARCH 
STUDENTSHIP 


Applications are invited for an MRC 
Research Studentship tenable in the 
Metabolic & Endocrine Unit, The 
London Hospital Medical College, 
University of London. 


Work will be in the field of 
metabolic regulation related to 
clinical problems. The post is suitable 
for forthcoming or recent graduates 
in Biochemistry; salary and con- 
ditions of service according to 
Medical Research Council 
reguiations. 


Further details may be obtained 
from Professor R D Cohen, 
Metabolic & Endocrine Unit, The 
London Hospital, Whitchapel, 
London El IBB. (1713)F 


ONOONO aE aaa aaant 


UNIVERSITY OF WAIKATO 
Hamilton, New Zealand 


GRADUATE STUDENTSHIP 
IN BIOCHEMISTRY 
Vacancy A84/7 


Studentships are available for bio- 
chemistry graduates wishing to enrol 
for a PhD, to join the Thermophile 
Research Group at the University of 
Waikato to work on some aspects of 
the biochemistry and biotechnology 
of extremely thermophilic bacteria. 
Graduates with an interet in bio- 
chemistry but whose qualification is 
in chemistry, microbiology or bio- 
technology will also be considered. 


The value of the studentship, 
which is for 3 years, will be near that 
offered by the New Zealand Univer- 
sity Grants Committee (currently 
NZ$5,304 per annum) and for a well 
qualified student might include 
course fees and assistance with re- 
location 





























| upper second class honours degree | 


| two referees should be 


"| Oxford OX13SR, by3istM 











UNIVERSITY OF DUNDE! 
DEPARTMENT OF MATHEMATICA! 
SCIENCES oie 


RESEARCH STUDENTS 
IN MATHEMATICAL 
BIOLOGY | 


Applications are invited for an SE 
supported Research Studentship 
Mathematical Biology leading toth 
PhD degree and commencing on Ist 
October 1984. ae 


The research will be concerned. 
with mathematical modelling and. 
analysis of the neurophysiology of- 
nerve fibres under the supervision of 
Professor B D Sleeman. 


Candidate should have or expect to 
obtain a first or good second class 
honours degree in mathematics. 


Applications should be made as 
soon as possible to Professor D S$ 
Jones, FRS, Department of Mathe- 
matical Sciences, The University of 
Dundee, Dundee DD1 4HN, from 
whom further particulars may be 
obtained. (1696)F 









UNIVERSITY OF 
LIVERPOOL 


DEPARTMENT OF PHYSIOLOGY. 
MRC Secretory Control Group. 


MRC RESEARCH 
STUDENTSHIP 


Applications are invited for an MRC 
studentship tenable for three years 
from students who have or expect 10 
obtain a first or upper second class 
honours degree in Physiology, Bio- 
chemistry or a related discipline. The 
successful candidate will undertake a 
project related to the studies current: 
ly pursued within the MRC Secretory 
Control Group on the nature and 
regulation of secretory mechanisms. 


Applications, including the names 
of two referees should be sent as soor 
as possible to The Registrar, /Thi 
University, PO Box 147, Liverpool. 
L69 3BX. Quote Ref. RV/271/N.. 

(1687)F: 
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NERC INSTITUTE OF 
VIROLOGY 


STUDENTSHIP 


A studentship is available tenable fc 
three years from October 1984 an 
leading to a D Phil degree of the Un 
versity of Oxford. The research are 
will be on the interactions betwee 
arboviruses and their tick vector: 
including virus replication in tick 
and their vertebrate hosts and. th 
mechanism of virus transmissio 
from one vertebrate host torangt 
by ticks during feeding. 


Applicants should have a first ¢ 






zoology, biological or microbic 
logical sciences or other related area 


Curriculum vitae with. nam: 



















of Virology, Mansfield R 











_. AFRC ANIMAL BREEDING RESEARCH ORGANISATION 


AFRC RESEARCH 
STUDENTSHIP 


| | Immunology or Physiology of Farm Animals 


Agricultural and Food Research Counci 
FOOD RESEARCH INSTITUTE 


RESEARCH 
STUDENTSHIPS 


Monoclonal Antibodies 
in Biopolymers Research 





1) The target antigens for cytotoxic T lymphocytes in cattle using 
restriction site polymorphism and related techniques in the 
context of understanding factors controlling disease resistance 


in cattle. 
2)The endocrine control of 


growth and lactation in th 


protein and fat metabolism during 
€ context of i) genetic variation in 


these characteristics and ii) the use of physiological criteria as 


predictors of genetic merit. 


d The student will be expected to register for a higher degree with 


| Edinburgh University. 


- Application giving full curriculum vitae and names of two 
referees to: The Secretary, Animal Breeding Research Organisa- 
ation, West Mains Rd, Edinburgh EH9 3JQ. 


_ ]} Closing date for application 4th May 1984. 
The Agricultural and Food Research Counci is an Equal Opportunities 


4 Employer. 


ROYAL FREE HOSPITAL 
~ SCHOOL OF MEDICINE 
< (University of London) 


_ DEPARTMENT OF HAEMATOLOGY 


_ Research studentships available from 
_ 1 September 1984 leading to registra- 
Uon for MPhil/PhD. The field of 
study will be in biochemical/ 
molecular biological aspects of 
normal and leukaemic human 
_ haemopoietic cell differentiation and 
_ proliferation. Potential first-class or 
_upper second-class degree applicants 
preferred. 


Applications (full curriculum 
Vitae, including the names and 
addresses of two referees) to 
Professor A V = Hoffbrand, 
_Degfirment of Haematology, R FH, 
Pond Street, London, NW3 2QG. 
Closing date for receipt of 
applications: 18 May 1984. (1645)F 


E aeee 
UNIVERSITY OF 
CAMBRIDGE 
CLINICAL SCHOOL 


7 DEPARTMENT OF 
< HAEMATOLOGICAL MEDICINE 


Applications are invited for an MRC 
‘Research Studentship leading to a 
-PhD degree in one of the following 
fields: Serology, cytochemistry and 
immunocytochemistry of lymphoma 
‘cells; High resolution cytogenetics in 
acate myeloid leukaemia: Virologi- 
cultural and molecular biological 
‘Studies in leukaemic cell lines. 


The Studentship will be tenable 
from 1 October 1984 for up to 3 
_ Applications with c.v, and names 
wo referees should be sent not 
an 11th May 1984 to Professor 












J Hayhoe, Department of 
atolosical Medicine, Hills 


Cambridge CB2 2 
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UNIVERSITY OF OXFORD 
NUFFIELD DEPARTMENT 
OF PATHOLOGY 


M. R.C. STUDENTSHIP 


The student appointed who will enrol 
for a D.Phil., will work on the role of 
intermediate filaments in the genesis 
of human liver disease. 


Applications with the names of 
two referees should be sent to 
Professor J. OD McGee, Nuffield 
Department of Pathology, John 
Radcliffe Hospital, Headington, 
Oxford, by 3rd May, 1984 from 
whom further details can be 
obtained. Tel, No. Oxford (0865) 
817249, (1650F 
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UNIVERSITY OF LEICESTER 
DEPARTMENT OF PHYSICS 


Applications are invited for Research 
Studentships tenable from October 
1984 and leading to the degree of 
Ph.D. in the following areas. 


Condensed Matter 
lonospheric Physics: Nuclear 
Electronics; Quantum Molecular 


Physics; Radiation Physics: | 


Theoretical 
astronomy. 


The Studentships provide an 
opportunity to join an active depart- 
ment engaged in research in topics of 
fundamental and technological 
interest. They are suitable for 
graduates with a good honours 
degree (I or Ili.) in Physics, 
Chemistry, Mathematics and 
Engineering. 


Applications, which should 
include the names of two referees, 


Physics; X-Ray 


Department of Physics, University of 


Leicester, Leicester, LEI 7 


Physics; | 


Two AFRC Studentships, tenable for up to 3 years from 


October, 


1984, are available 


in the Chemistry and 


Biochemistry Division to exploit monoclonal antibodies in | 


Studies of the structure, 
biopolymers. Substantial 


localisation and analysis of E 
resources are committed to- 


research at the Institute into the structure and function of 
biopolymers in food and there is an expanding programme of 
research related to the use of immuno-analytical methods. 

The present aim is to initiate a new direction by exploring the 

use of monoclonal antibodies (i) the localisation and analysis -| 
of cell-wall polysaccharides and (ii) the determination ofthe E 
Structure of proteins, especially structural regions that are. 


important in their function. 


Applications are invited from persons who hold, or expect to ©. 
obtain this summer, a First or Upper Second Class Honours 
degree in Biochemistry or a related subject in a Biological 

Science. The successful candidate will be expected to. 
register with. the University of East Anglia for a higher- 


degree. 


Further details may be obtained from the Secretary, 
Food Research Institute, Colney Lane, Norwich NR4 


JUA. Closing date: 27th April 1984. 
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UNIVERSITY OF WARWICK 


DEPARTMENT OF 
ENVIRONMENTAL SCIENCES 


Applications are invited for a SERC 
CASE Studentship in collaboration 
with AERE, Harwell. The project is 
an investigation of the effects of flow 
rate on the development of bacterial 
biofilms attached to solid surfaces 
and on the physiological activity of 
biofilm bacteria, 


Applicants should have, or expect 
to obtain, a good honours degree in 
Microbiology, Biochemistry, or a 
related science discipline. 


Further details and application 
forms may be obtained from Dr M M 
Fletcher, Postgraduate Admissions 
Tutor, Department of Environ- 
mental Sciences, University of 
Warwick, Coventry, CV4 7AL. 


Closing date for applications is 4th 
May 1984, (1684) F 


UNIVERSITY OF WARWICK 


DEPARTMENT OF 
ENVIRONMENTAL SCIENCES | 


Applications are invited fora NERC 
Studentship to investigate bacterial : 
biofilms attached to submerged | 
surfaces in aquatic environments and 5 
the environmental and nutritional 3 
factors affecting their composition, — 
The project will be supervised by Dr : 
M Fletcher. ee 


Applicants should have, or expect _ 
to obtain, a good honours degree in os 
Microbiology, Biochemistry, or a- 
related science discipline. eS 


Further details and application 7 
forms may be obtained from Dr M 
Fletcher, Postgraduate Admissions _ 


Tutor, Department of Environ. 


mental Sciences, University of oS 

Warwick, Coventry CV4 7AL, oe 
Closing date for applications is 

30th April, 1984. (1660)F - 


MRC BRAIN METABOLISM UNIT 





Further information may be obtained from, and oe i 


@ the names of two referees, should be sent t 
should be sent to Dr C. Norris, | E asih : 
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ESO FELLOWSHIPS 


The European Southern Observatory (ESO) intends to award up to 5 fellowships 
tenable at the Space Telescope European Coordination Facility (ST-ECF) which is 
established on the premises of ESO in Garching near Munich, Federal Republic of 
Germany. 


The main goal of the ST-ECF (consisting of 7 ESA and 7 ESO personnel) will be the 
coordination of Space Telescope related activities in Europe. In particular it will 
develop specific software for ST scientific data analysis as well as performing a 
European coordination role in this area. It will provide an archiving system for the ST 
scientific data and offer a retrieval and dissemination service in Europe for the data 
which is available to the public domain. In addition, certain ECF staff will provide an 
advisory service to European astronomers on the capabilities and current status of the 
Space Telescope, its complement of instruments and the ST scientific operations. 


SCIENTIFIC SYSTEMS ANALYST! PROGRAMMERS (2 ESO Fellow positions) 


The Scientific Systems Analyst/ Programmers will have a background in data 
analysis in Astronomy or a related science. The emphasis will be on the 
development of applications software. Knowledge of modular, structured 
program development in FORTRAN and/or other high level languages is required. 


Knowledge of the English language, both verbal and written, is required. 


DATA ARCHIVISTS (2 ESO Fellow positions) 

The first Data Archivist will be a Systems Analyst/ Programmer with a background 
in management, administration, and maintenance of large data sets. Background 
in astronomy is also required. He/she will participate in the European ST Archive 
Definition Study and take the lead in implementing the suggested solution. Strong 
interaction with the scientific users of the archive is expected. 


The minimum qualification for the second Data Archivist will be computer 
experience on the operator/ programmer level. Experience in the operation of data 
base management systems as well as in astronomy is desirabJe. Strong interaction 
with the scientific users of the archive is expected. 


Knowledge of the English language, verbal and written, is required for both 
positions. 


ST INSTRUMENT INFORMATION SCIENTIST (1 ESO Fellow position) 


The ST Information Scientists will be responsible for the generation of the ST-ECF 
of a detailed knowledge on the performances, capabilities and status of the ST 
Scientific Instruments. They will be actively involved in the pre-launch calibration 
and testing activities of the ST Scientific Instruments which will take place at the 
ST-Scl. They will assist in the creation and maintenance of a library of information 
and documentation on all aspects of the ST instrumentation. They will also assist 
in the development of applications software by providing information on the 
functioning of the SI’s to the SDS Group. They will be charged with assisting 
European astronomers in the preparations of observing proposals through 
provision of up-to-date information on the ST Scientific Instruments. In addition, 
they may be called upon to advise observers in resolving certain problems in ST 
data analysis which may originate from instrumental malfunctions or limitations. A 
Ph.D or equivalent in Astronomy or Physics is required. They must have a good 
publication record in relevant astronomy, 4 background in the development of 
instrumentation for astronomy, and postdoctoral experience of observational 
astronomy using advanced astronomical instrumentation and including space 
astronomy observations. 


The Fellowships are granted for one year, with good possibilities for renewals. 


Remuneration will be commensurate with background and experience, but the basic 
monthly salary will not be less than DM 3410.--. Applications should be submitted to 
ESO not later than 1 June 1984. The ESO Fellowship Application form should be used 
and be accompanied by a list of publications. In addition, three letters of 
recommendation should be obtained from persons familiar with the scientific work of 
the applicant. 


Enquiries, requests for application forms and applications should be addressed to: 


European Southern Observatory 
Fellowship Program 
Karl-Schwarzchild-StraBe 2 
D - 8046 Garching b. München 
Federal Republic of Germany 
(W896) E 
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THE LONDON HOSPITAL 
MEDICAL COLLEGE 
(UNIVERSITY OF LONDON) 


DEPARTMENT OF IMMUNOLOGY 


POST-DOCTORAL s 
RESEARCH FELLOWSH92. 


Applications are invited trom 
Molecular Biologists with 5 years + 
post-doctoral experience and an 
interest in immunology/immuno- 
genetics. The appointment is funded 
by the Cancer Research Campaign of 
Great Britain and is tenable for 3-5 
years. The successful candidate will 
be expected to establish and developa 
molecular biology subsection of a 
Cancer Research Campaign funded 
group already working on the 
biology, immuno-chemistry, and 
molecular genetics of MHC gene 
products in malignancy. 


















Salary and tenure depending upon 
qualifications and experience. 


Applications to Professor H 
Festenstein, Department of Immu- 
nology, London Hospital Medical 
College, Turner Street, London El 
2AD. (1659)E 


P 


FRIEDRICH MIESCHER- 
INSTITUT, BASEL 


POST-DOCTORAL 
RESEARCH FELLOWSHIP 


Applications are invited for a post- 
doctoral fellowship to work on 
molecular aspects of hormone 
action. Current projects under 
investigation involve the use of 
molecular biological techniques to 
study hormone-mediated protein 
phosphorylation and cellular differ- 
entiation. 


Please send curriculum vitae and 
names of two referees to Dr Brian A 
Hemmings, Friedrich Miescher- 
Institut, PO Box 2543, CH-4002 
Basel, Switzerland. (W 


UNIVERSITY OF ABERDEEN 
DEPARTMENT OF MICROBIOLOGY 
POSTDOCTORAL 
FELLOWSHIP 
in the Genetics of Energy 
Transducing Systems of 
Escherichia coli 
A three-year postdoctoral research 
fellowship is available in the 
laboratory of Dr | R Booth from 
1 October, or as soon as thereafter as 
possible. The SERC funded 
to study genetic and bioenergetic 
aspects of the role of the eup gens 
product in the transduction of energy 

in E coli. 


Salary on the Range 1A scale fo) 
Research and Analogous Staff 
£7,190 to £11,615 per annum, wit] 
appropriate placing. 


Further particulars and application 
forms from The Secretary, Th 
University, Aberdeen, with whon 
applications (2 copies) should b 
lodged by 4 May 1984. (1703 






NEW ZEALAND 
RESEARCH FELLOWSHIPS 


The National Research Advisory Council offers 12 fellowships to 
taken up in 1985 for research in government departments in 
elds of importance to New Zealand, 


_ Senior Research Fellowships 


> Applicants should have a distinguished record of scientific 
~ research and/or administration in a relevant field, 


_ Post-doctoral Research 
-Fellowships 
“Applicants should be recently graduated research workers in a 


> televant field with a Ph.D. or equivalent degree and some 
-experience since graduation, 


Applicants must have a good working knowledge of English and 
=o meet New Zealand immigration requirements. Emoluments, 
-<= Which are taxable, range from $N2Z25,684 to $NZ46,682. Return 

< travel to New Zealand is provided. 


Application forms and information booklets may be obtained 
from: 
New Zealand diplomatic posts 


or National Research Advisory Council, 
PO Box 12240, 
Wellington, 
New Zealand. 


i » Applications close on 1 August 1984. 





SENIOR AND POST DOCTORAL 

















ASSISTANTSHIPS 


GRADUATE RESEAR 
ASSISTANTSHIPS | 


for PH.D. level students are available to wo. 
in the areas of molecular biology, gene ex B 
pression and characterization, and/or so- f 
matic cell genetics of plants. Stipends range | 
from $8,000 to $12,000 annually. Available f 
through a cooperative degree program be- f 
tween Los Alamos National Laboratory-Life | 
sciences Division and New Mexico State Uni- f 
versity-Plant Genetic Engineering Laboratory. — | 
send resume or contact: ER 
Dr. Gregory C. Phillips, interim Director, 
Piant Genetic Engineering Laboratory, 
Box GL, New Mexico State University, 
Las Cruces, New Mexico 88003. 
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Third International 
Nature Conference 


September 10-12, 1984 


„Boston Park Plaza Hotel 
‘Boston. MA, U.S.A. 













POSTER 
SESSIONS 


scientists who register for the 
conference and wish to display posters 
should contact: 


Posters Editor 
£ NATURE Magazine 
15 East 26 St., New York, NY 10010 








Please do not telephone. Write, including 
< @ brief synopsis of poster subject and 
its scientific relevance. Poster space is 
< limited, so we suggest you act promptly. 
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Applications are invited fora’ 
Research Assistantship/Research 
Fellowship (depending on qualifica- 
tions) funded under the NERC 
Special Topics Scheme, from- 
candidates experienced in the use of | 
remotely sensed data in geology. The. 
successful applicant will be expected 
to contribute to a mukhi- 
disciplinary/multi-institute study of. 
the information. content and 
application of Landsat-5 Thematic 
Mapper, SPOT and Sir-B date for. 
British and overseas .tést sites. 
addition some time will be devoted 
examining synergistic applications c 
geophysical and geochemical da 
sets and the development c 
appropriate software for the 
geological interpretations. eee 
The appointment will be for 214. 
years in the period April 1984 
March 1987 at the post graduat 
postdoctoral level. Applicants shi 
possess a good first degree in geol 
and either an MSc or PhD Salary 
be on either the 1B (£6310 — £8: 
or IA (£7190 — £11615) scales’ fe 
Research and Analogous Sta: 
depending upon level of. qualific: 
tions. ee 
Application forms and. 


Applications are invited for the 
above post to exploit novel organo- 
transition metal methodology for 
asymmetric carbon-carbon bond 
formation and the total synthesis of 
naturally occurring antibiotics. The 
post (Research grade RA IA at 
£7,190-£7 ,630 pa) will be for one year 
in the first instance. Applicants 
should have experience in synthetic 
organic or organometallic chemistry. 


Applications with curriculum vitae 
and names and addresses of two 
referees as soon as possible to DrS G 
Davies, Dyson Perrins Laboratory, 
South Parks Road, Oxford OXI 
3QY. (1673)P 


















































































APPOINTMENTS WANTED 


advertise your qualities and qualifi- 
cations through the most influential 
science weekly in the world at a 
special reduced cost of 2$p a word. 
(Personal Box Numbers £2). 
Advertisements must be pre-paid and 
sent to: Nature Classified (Appts 
Wid), 4 Little Essex Street, London 
WC2R3LF. (890)B 



























Please mention 


hature 


when replying to 
these advertisements ||. 
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aan @ Economical in use; hundreds of ie 
oA yet multivalue autoradiographic 
strips from each block 


3 for reliable quantification of tritium 
S in tissue sections 


v For more details, please contact Amersham or your local representative 


*patent applied tor 








Amersham 


J / Amersham Australia PTY Limited Sydney Amersham Belgium SA/NV Brussels Amersham Buchler GmbH & Co. KG moma caine bs W Germany 
Amersham Corporation Arlington Heights USA Amersham Denmark ApS Birkerød Amersham France SA Paris Amersham Japan Tokyo Amersham Nederiand BY Utrecht 


Amersham international pic 
Amersham England HP7 9LL 
telephone Little Chalfont (024 04) 4444 
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Serum free cell growthwith new ULTROSER G 





ULTROSER G isa serum free synthetic growth support for multi-purpose 
| cell culture—and cuts out the pretesting needed for fetal calf and 
` other alternatives. As a true serum substitute, its well defined 
composition guarantees you batch uniformity to consistently 
give you regular cell development and reliable control over 
tissue culture variability. You'll soon find out how 
ULTROSER G saves you time, is easy to use, simple to ua 
store and gets you results—batch after batch after 
batch. With 5 times less protein than FCS to 
simplify purification and bioassays, and the mini- 
mal amounts needed (1—3%), you'll know why 
so many labs like it even more. And when you 
DA discover that it comes lyophilized, ready 
for use and can be kept outside a freezer, 
you'll want to check it yourself. Get 
in touch with LKB, and we'll send 
you the latest on how to grow cells 
without serum—and without 
problems. 































> 





Trials performed 
with Vero cells in 
HAM!'S F12 culture 
medium supplemented ä 
with 2% ULTROSER™ G. 

Tests carried out by Dr. E. Ss >. 
Boschetti at Réactifs ee Lm 
IBF. France. 


ai 94 Growth activity with different 
81 batches of UL ERG. 









Developed and 
manufactured by 4 





A G 


cells/plate (x10°) 
[e 
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X Head office: LKB-Produkter AB, Box 305, S-161 26 Bromma, Sweden 
| Tel 08-98 00 40, telex 10492 
Main US sales office: LKB Instruments, Inc. 9319 Gaither Road, Gaithersburg, 
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BIOREACTO 


The New Bio-Response MCT* (Mass Culturing 
Technique) System Delivers Monoclonal Antibod- 
ies And Other Mammalian Cell Products When 
You Need Them—From Grams To Kilograms. 














Insufficient quantities of 


desired peptides are a key 
cause of expensive research and 
production delays. The MCT 
system is a new and unique 
mammalian cell culturing pro- 
cess designed to overcome the 
obstacle of insufficient quan- 


the quantity you need...when 
you need it! Additionally, every 
step in MCT production has 
been developed to contain costs 
now and in the future while 
maintaining exceptional purity 
and quality in mammalian cell 


proteins. 


tities of peptides by delivering 


Quantity 


Unlike conventional celi- 
culture methods, the MCT 
system uses “fresh, free- 
flowing lymph directly 
from a cow. Following 
treatment, the lymph is 
continuously diffused into 
and out of a growth cham- 
ber. This nearly in vivo 
growth environment stim- 
ulates continuous and opti- 
mal protein secretion. The 
result? Large quantities of 
desired proteins enabling 
you to move to the clinic or 
market... faster. 


Cost 


Unlike conventional cell- 


culture methods that re- 


quire extensive labor forces 
and expensive growth medi- 
ums, Bio-Response’s 

MCT is a closed, 
Steady-state system. 

In essence, the MCT sys- 
tem starts with a low- 

cost lifeline-—a feeding 
cow-—and ends with a 
pure, Quality product. MCT 
-an optimal system at low 
cost. 


Circle No.14 on Reader Service Card. 


"MCT (Mass Culturing Technique) is a trademark of Bio-Response, Inc. 


Purity 


Unlike conventional cell- 
culture methods, the MCT 
system is designed to 
insure purity without tedi- 
ous processing. By direct- 
ing the lymph across semi- 
permeable membranes, 
MCT provides both separa- 
tion of media protein from 
desired cell products, and a 
continuous nutrient flow. 
The ability to add or with- 
draw from the chamber to 
maintain optimal cell den- 
sity permits continuous 


-harvest of a highly pure 


product. 


For further information, call Bio-Response, Inc. at 


(415) 786-9744. 





Quality 
Unlike conventional meth- 
ods of production that 
attempt to create biologi- 
cally active mammalian cell 
products, the MCT system 
provides a pure-mammal- 
ian product—-an exact copy 
of the original protein and, 
in the case of non-antibody 

polypeptides, uncompro- 
mised by inappropriate gly- 
cosylation and disulfide 
bond formation. There isa 
growing consensus favor- 
ing products produced in a 
mammalian cell-culture 
system, such as the — 
Bio-Response MCT system. 


© 1984 Bio-Response, inc. All Rights Reserve 
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Hybridization Probe DNAs 


Highly purified, sequence-specific DNA fragments, 

ed for use in nick translation reactions and 
for the detection of oncogenic sequences by nucleic 
acid hybridization. 


*Sufficient product provided to perform 5-10 Southern blots. 
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Products, Compames — 
Research and Organizatioss 
j COOMBS 


~~ eee ee eS ewe eee eee. 


E 


Detailed information 
on every aspect of 
worldwide 


An le guide 
to: * Products, services and 
research * Companies * 
Government and inter- 
national agencies * Infor- 
mation sources 


1984 — 
e is thoroughly international 
e features a unique BUYER'S 
GUIDE to products, re- 
search and services 


Information 
Sources in 
Biotechnology 


aaa 
* covers both old and new 

technologies 

* covers technical and com- 

mercial literature 

* covers difficult and hard 

to trace sources 

* includes over 20 at-a- 


è directories *® organisations 


TWO NEW reliable, up-to-date 


and complete biotechnology 


e covers both the old and new 
biotechnologies 

The Directory tells you: 
* Who your competition is, 
and what they are doing. 

* Who are potential cus- 
tomers and suppliers. 

* Where to buy equipment, 
chemicals and services. 

* Where culture collections 
are located and what cultures 
they hold. 

* Who imports/exports bio- 
technology products in over 
20 countries. 

* Which government de- 
partments are associated 
with biotechnology 

All compiled by the eminent 
biotechnologist Dr. Jim 
Coombs and now available to 
you on FREE AP- 
PROVAL. 

Macmillan Hardcover 400pp 
November 1983 


ISBN 0 333 35140 1 
£50.00/ A$100.00 


LL 






Macmillan Paperback 320pp 


ember 1983 
ISBN 0 333 361784 
£40.00/$80.00 


Send no money now. 
Examine on FREE 
APPROVAL 

You can take these new 
books for 30 days examin- 
ation without commitment. 
If you are not completely 
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Antibodies 
Well-characterized, extensively tested antibodies 
` for the detection of oncogene protein products and 


related antigens, such as the epidermal growth 
factor receptor. Designed for use in immuno- 
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ISCOS smartpump 


is a dispenser 
and diluter, too. 
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It’s a smartpump. ISCO’s WIZ is more 
than an ordinary peristaltic pump. Spend 
two minutes calibrating it when you first set 
it up — from then on, just key in any flow 
rate you want, directly in ml/hr. The output 
will be within 1% of your selected value. 

It’s a dispenser. You can key in any 
volume — that’s what you'll get every time 
you press the button. 

And it’s a diluter. Push a button to take 
up any desired volume of sample; push it 
again to dispense the sample followed by 
any volume of diluent. 

This unique pump also has an LED 
display and tubing cassettes that can be 
slipped in and out while running. Send 

now for literature, or phone 
toll free [800]228-4250. 
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Now Calmodulin-Sepharose®4B 
and Calmodulin are available 
from Pharmacia 


Biologically tested calmodulin, its purity checked by 
amino acid analysis, electrophoresis and UV 
spectroscopy, is available immobilized on Sepharose 
4B and as an essentially salt free, freeze-dried 
preparation. 


These reliable, high quality products are used to 
study: 


è Cyclic nucleotide metabolism 

è Ca’* transport 

è Contractile processes 

è Glycogen metabolism 

è Control of the NAD/NADP ratio 
è Cytoskeletal control 

è Neurotransmission 

è Phosphatases 


Calmodulin-Sepharose 4B is supplied as a swollen 
gel in an economical 10 ml pack. It has 
approximately 1 mg calmodulin/ml swollen gel. Each 
batch is carefully tested for its Ca?+ dependent 
ability to bind and release phosphodiesterase. 


Freeze-dried calmodulin is available in large 2 mg 
packs. A trace amount of CaCl, is present to ensure 
protein stability. Each batch has to pass stringent 
tests for purity and has a biological activity of 
approximately 80 000 U/mg protein. 


Send for the free data sheet for a comprehensive 
survey on the applications and uses of these versatile 
products. 


Ordering information 


Product Pack size Code No. 
Calmodulin-Sepharose 4B 10ml 17-0529-01 
Calmodulin 2 mg 17-0525-01 
Pharmacia- 
Fine Chemicals 


Pharmacia Fine Chemicals AB, 
Box 175, S-75104 Uppsala 1, Sweden 
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This powerful non-competitive inhibitor of ribonucleases is isolated from human placenta 
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SERASA 


Canyon Diablo meteor crater, Arizona. Some 1,300 m 
in diameter and 150 m deep, it is a particularly striking 
result of an impact about 50 million years ago. Might 
larger impacts have caused biological extinctions? 
Might such events be periodic? Evidence for periodic 
extinctions is discussed on pages 709-717 and possible 
mechanisms are discussed on p.718. See also News and 
Views, p.686. Photo: Meteor Crater Co., Northern 
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Recent developments in 
molecular biology, many of 
which have been described 
by their authors in Nature, 
are helping to clarify the 
causes of cancer. With each 
passing week, more and 
more people consider that a 
full understanding of cancer 
cannot be long delayed. 
But the implications for 


physicians and their patients 


are still entirely unclear. 





This is why NATURE has 
chosen to devote its third 
international conference to 
an occasion when 
researchers in the life 
sciences and clinicians can 
assess the importance of 
recent developments in 
molecular biology for the 
understanding and, 
ultimately, for the treatment 
of cancer. 


Organized and presented by 
NATURE, the international 
journal of science 


Perhaps the most important international 
conference you could attend in 1984. De- 
voted to the recent contributions of molecular 
biology to the understanding of malignant 


disease 


For Research Scientists 
and Clinicians 


IN SEARCH OF UNDERSTANDING... 


SEPTEMBER 10, 11, 12, 1984 
BOSTON PARK PLAZA HOTEL 


Park Plaza at 


Street 


Arlington 
Boston, MA 02117, U.S.A. 


The conference program has been de- 
signed for two groups of people — resear- 
chers in the life sciences anxious to learn 
about and discuss the latest develop- 
ments in the molecular biology of cancer, 
and physicians who consider that these 
developments may eventually affect their 
own work with patients. 


Participation in the conference will be 
restricted so as to provide opportunities for 


To this end, the leading scientists making 
formal presentations will also take part in 
two-hour round table discussions, provid- 
ing an ample and unusual opportunity for 
participants to take part in detailed discus- 
sions and to make short presentations 
their own. 


To take part in this important and novel 
conference, register now and book your 
rooms (also limited) at the Boston Park 
Plaza Hotel and Towers. 


a * 
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TO REGISTER FOR THE CONFER. 
ENCE: Return the form appearing in this 
advertisement, with your check, or an 
authorized purchase order from your 
organization. 


EARLY REGISTRANTS SAVE $50: If 
your registration and payment is received 
by July 1, you may deduct $50 from the 
regular full registration fee of $325. You 
pay only $275. 


THE SETTING: Boston Park Plaza 
Hotel and Towers, Boston located at Park 
Plaza and Arlington Street, just off the 
famous Boston Public Gardens and 
Common. 


ROOM RESERVATIONS: Alarge block 
of rooms has been set aside for attendees, 
but we do suggest that you reserve your 
accommodations early, to avoid dis- 
appointment. Rooms must be reserved 
directly with the Hotel, at (617) 426- 
2000, or 800-225-2008, Telex: 710 321 
1088. Be certain to mention your parti- 
cipation in the “Nature Conference”. to 
take advantage of these special lower 
rates: Singles: $70, 80 & 85: Double: 








RECRUITMENT CENTER: Private 
meeting rooms and staff will be provided 
for recruitment executives and scientists 


‘to discuss employment opportunities, 


Contact: Miss Gene Fein, Recruitment 
Services Manager, Nature Publishing 
Co., 15 E 26 St., N.Y., NY 10010, (212) 
689-5900. 


Conference Program : 


September 10-12, 1984 
Boston Park Plaza Hotel 


Daily Themes: 


DAY 1 - ONCOGENES, 
DAY 2 - THE CANCER CELL, 
DAY 3 - PROSPECTS/PROBLEMS. 





MONDAY, 10 September 
Exhibition Viewing: 8:30am — 6:30pm 
Recruitment Center: 9:30am — 6:00pm 
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2.00— 4.00 Roundtable with 


4.30— 5.30 
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Exhibition Viewing: 8:30am — 3:00pm 
Recruitment Center: 8:30am — 3:00pm 


DAY 3 
PROSPECTS AND PROBLEMS — 
DRUG RESISTANCE, MONOCLONAL 
ANTIBODIES AND NEW DRUGS 
9.00— 9.15 Chairman 
9.15—10.00 Diagnostics and 
therapeutics 
G. Todaro (Oncogen) 
10.00— 10.45 — Immunotoxins 
J. Uhr (Texas) 
11.15—12.00 Drugresistance 
A. Varshausky (MIT) 
12.00—12.30  Clinician’sview 
J. Gutterman (Houston) 
2.00— 4.00 Round table with 
morning speakers 
4.00— 445 Prospects 
4.45 Closing remarks 


I understand that as a paid conference partici- 
pant, I may attend all sessions, and receive all 
programs and other materials. 
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NY 10010. J. Cains (Harvard) 
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New ways with Japan’s education? 





The Nakasone government would reform the Japanese school system. It should begin where the 
problems may be simpler — with the universities, much in need of a greater measure of autonom ye 


THE Nakasone government is nothing if not courageous. Its decision 
to embark on a reform of the Japanese educational system (see 
p.678), or even on a study thereof, is a momentous step, but by no 
means premature. For decades now, one of the great anomalies of 
the relationship between Japan and the rest of the industrialized 
world has been that the economy that has been the most 
consistently successful should also have been educationally the 
most backward. From this state of affairs, several mistaken 
conclusions have been drawn. In Japan, for example, it is often 
argued that the coexistence of the rigours of life at school and of 
economic growth must imply a causal relationship — being drilled 
to work hard at school breeds the compliance and diligence that 
makes for economic growth. And elsewhere, as economically less 
<c® Successful countries seek to emulate Japan’s success, the 
© > suspicion is aroused that it may be prudent to emulate the 
Japanese university pattern in which academic departments are 
mostly forced to look to industrial partners for substantial 
research support. The truth, however, is that there are 
independent reasons for believing that Japanese education is 
qualitatively deficient in ways that may be even more alarming for 
Japan’s industrial partners and competitors: if Japan can do so 
well with one hand tied behind its back, what might it not 
accomplish if the educational system were better suited to the 
talents of young Japanese? 

Even in education, the Japanese achievement should not be 
underestimated, however. Virtual universal literacy is one 
obvious benefit, the product of school education. So, by the 
multiplication of private universities alongside those more 
directly regulated by the government, is the high participation 
rate in higher education, more than 30 per cent for women as well 
as men. In both respects, Japan is the envy of the industrialized 
world. But the Japanese themselves are now forever asking 
“Pether the technical community in Japan is less creative than 
_[ those elsewhere, or some other version of the question whether 
` the educational system that provides such skills and diligence at 

work may not also serve to snuff out the spark of originality. 

Although Mr Nakasone’s chief objective may be to relieve 

students still at school (and their parents) of the pressures to which 

they are now subjected, the clamour for creativity would be 

another equally legitimate platform from which to launch a 

programme of reform. 









Examinations | 
How should reform be planned? The complaint that the system of 
school education is warped by the requirements of university 
entrance is probably valid, whence the inevitable temptation to 
think of ways of decoupling the schools and the universities. A 
worthwhile programme of reform is almost certain to include 

me elements with that objective. The danger, in the months that 
lie ahead, is that the proposed commission to recommend reforms 
_ will concentrate on the outward characteristics of the educational 

system, in particular the prevalence of school examinations, and 
< overlook some of the reasons why the system has grown to be 
~ what it is. -E t 







One obvious structural deficiency is that the public universities: 
< are not nearly as free to conduct their own affairs as they should ` 
< be. Even the formofa university’s curriculum requires not merely 4 
the approval of the Ministry of Education but also (formally at 





_ within the pattern of the public universities. Broadly speaking, 


least) that of the Diet. (Thus a decision to set upanewdepartment _ 
can be a major undertaking.) Then the discretionary funds with 
which universities are provided by the government ate so meagre 
(as are the salaries which university teachers are paid) that a 
department cannot hope to mount an adventurous research 
Programme without help from some outside source. The resultis _ 
that even the universities most sought after by high-school 
students, Tokyo and Kyoto, for example, are much less abieto 
direct their own affairs than they should be. eo 
The consequences of these arrangements for the pattern of 
university research in Japan are well understood but not especially c 
encouraging for academic science. Often, the ministry will 
generously support particular research projects, most: a 
conspicuously the University of Tokyo’s own successful space 
programme. More recently, there has also been welcome support 
for central facilities to which all universities have access, while 
modest research grants are more accessible. But there remain 
many university departments, even in the best-known 
universities, where worthwhile research cannot be mounted ona 
sufficient scale. And other university departments are driveninto 
the arms of particular industrial companies to such a degree that 
research is too narrowly aimed at the solution of industrial 
problems. While the graduate students emerging from these- 
environments are naturally able to slip easily into productive 
employment with the sponsors of the research on which they have ~ 
been engaged, they are by the same token less likely to be the . = 
creatively subversive recruits that dynamic industry requires, = 


Autonomy 
So one element of reform should be the provision of a greater 
measure Of autonomy, financial as well as constitutional, to the 
public universities. That would be good for the universities : 
themselves, the academics who work there and the graduateswho = 
emerge from them. What would that accomplish forthearmiesof 
high-school students struggling for high grades in their E 
examinations? In the short run, perhaps very little. The trouble 
with the present pattern of education in Japan is that the best- 
known universities to which the brightest students aspire are also ous 
those which naturally attract most generous public support for- see 
research. Moreover, the popular legend that the best-known | 
universities are by definition those from which the best-qualified = 
people emerge is reinforced by the tendency for university - E 
departments to select their graduate students from among their 
own able undergraduates. But if an element of critical and 
impartial review of university research were more conspicuousin 
determining the pattern of what universities do, the pre-eminence 
of the universities now at the top of the pecking order would be 
less easily taken for granted. And if the possibility that the 
universities now at the top of the pile might not always be there were _ i 
appreciated by school-leavers and their teachers, the result would 
be a better perspective of the importance of high-school _ 
education. This, in the long run, is the best insurance against a 
return of unreasonable elitism in the schools. ie eee 
The result of such a change could also be a greater diversity 











among the score of so of the better-known universities in Japan 
there is a single academic goal — that represented by the sociz 
influence and prestige of Tokyo and Kyoto. The idea that publi 










supported universities might legitimately seek to differ in” Ka A CWact hrir 
character from each other comes into its own only at the other end — AAI” Y /esi DIFIGZe 
of the spectrum, at institutions that are essentially vocationalin | The death of Piotr Kapitza is asad 
character. The paradoxical result is that there seems no way In j í Scat 
which the public university system could at present generate international relations. ; 
within its own ranks the kind of diversity that gives strength even THE death last week in the Soviet Union of Dr Piotr Kapitza is an 
to the publicly supported universities in the United States (oreven | especially sad occasion because it breaks one of the few persisting ~ 
within the University of California). And while the private personal links between Soviet science and the West. Kapitza was — 
universities in Japan are not merely free but even compelled to one of the few Soviet scientists with first-hand experience of 
respond to a diversity of market forces, their freedom to decide | working in the West. And while it would be too much to look in 
what kinds of institutions they seek to be is more narrowly the history of relations between the scientific community in the 
compromised (which is in no sense to suggest that the private Soviet Union and that elsewhere for signs ofa constant beneficial 
universities are second-rate places but merely that they have to influence by Kapitza, there is no doubt that his presence among 
struggle harder to keep alive). m | the senior members of the Soviet Academy of Sciences has been of 
great value when East-West relations were sunny. 
the archetype of a kind of Soviet scholar 


s 9 Kapitza was indeed 
China S reactors that no longer exists. He was born in Kronstadt, the naval base on 


blow for 








The US Administration should sell nuclear the Neva downstream from St Petersburg (mow Leningrad) in 
hnol Chi ] dnl . : 1894, and visited Britain on an official mission only in 1918, after 
technology to ina only at a &ip omatic price. the Russian Revolution, but by 1921 he had persuaded the Soviet 


THE ambition of the United States to sell two reactors to mainland | authorities to let him become a research student at the Cavendish 
China has been well advertised for the past several months. With | Laboratory in Cambridge. By all contemporary accounts, 

the nuclear industry in the doldrums, everywhere, the commercial | Kapitza’s influence on that productive laboratory was profound. 
pressures to arrive at some kind of arrangement are necessarily Perhaps the most valuable of his innovations at Cambridge was 
strong. And since China is almost certain to be one of the | the formation of what afterwards became known as the ‘‘Kapitza 
principal builders of nuclear power stations in the coming | Club”, a kind of dining and discussion club which, from the 
decades, and the only one without first-hand experience of | beginning of Kapitza’s second academic year in 1922, became one. o. 
building them, the political as well as commercial prizestobe won | of the principal means by which the young physics community at ~*~ 
by helping with the enterprise from the outset may be very large. Cambridge was stimulated and kept informed of the exciting 
The administration’s hope that it will be possible to override the | developments then afoot in mainland Europe. Does Cambridge 
requirements of the Atomic Energy Act (see p.677) is therefore appreciate even now how much its legendary achievements in the 





understandable. two decades that followed stemmed from the Slav flair for 
Even so, the administration should be careful.. Among nuclear | argument that Kapitza brought? 
powers, China is out of the ordinary. So far as can be told, China Ernest Rutherford, head of the Cavendish, evidently found 


stands out among the five declared manufacturers of nuclear | Kapitza an appealing character, perhaps even a surrogate son. 
weapons in its reliance so faron enriched uranium manufactured | Kapitza’s own research at Cambridge eventually centred on the 
by means of an isotopic separation plant. The four others make | production of intense magnetic fields, and it seems to be 
nuclear explosives from reactor plutonium as well. So, in established that Rutherford favoured Kapitza with the assistance 
principle, sypplying reactors to China without full safeguards on | needed to recruit the financial support for the construction of the 
the uses that may be made of the spent nuclear fuel will | Royal Society Mond Laboratory, opened in 1933 by no less a 
qualitatively augment China’s capacity to manufacturer nuclear person than the Prime Minister of Britain, Mr Stanley Baldwin. 
weapons, and provide more flexibility of design as well. This may (Although J. D. Cockcroft, later Lord Cockcroft, an electrical 
not amount to nuclear proliferation in the strict sense, andinany | engineer by origin, seems to have helped Kapitza substantially 
case there is no evidence that China wants to buildreactorssoasto | with the design of the equipment for the new laboratory, he 
make nuclear explosives. But on the face of things, what is complained before his death that his own work on the artificial 
proposed is contrary to the spirit if not the letter of US legislation disintegration of nuclei was, at that time, comparatively starved. 
on the subject. of funds.) Throughout this period, Kapitza had remained a Soviet 
A more serious problem is that there is an obvious inconsistency | citizen and had been allowed to travel freely between Cambridge 
in the proposal that reactors should be built in China without full | and the Soviet Union. But at the end of 1934 Kapitza was told that 
safeguards so soon after the United States was prevented from henceforth he must stay in the Soviet Union, with the result that 
supplying spare parts for US reactors built several years ago in | the Soviet Government eventually paid the Cavendish 
India. The obvious source of the dif ficulty is that the Anti- Laboratory £30,000 for the equipment accumulated at the Mond 
Proliferation Act distinguishes between nuclear and non-nuclear | Laboratory. Kapitza (after a period of resistance) became director 
powers, allowing the supply of nuclear materialstotheformer(on | of the Institute for Physical Problems in Moscow. 
terms negotiated bilaterally) but not the latter. Curiously, the act There must have been times when the Soviet authorities 
- seems to provide an incentive for non-nuclear powers to make wondered whether they had acted wisely in keeping Kapitza at 
bombs and thus to qualify for an enhanced status. This should be home. His dismissal from his post in 1946 and his house arrest 
- areminder to the US administration that President Carter’s Anti- | thereafter is now attributed to his unwillingness to work on the 
Proliferation Act, always offensive to non-nuclear signatorieson | design of nuclear weapons. Plainly Cambridge had influenced — 
the Non-Proliferation Treaty, as a unilateral imposition, is also Kapitza just as he had influenced Rutherford’s laboratory. But, 
shot through with anomalies. on balance, Kapitza was well worth the trouble he caused — his 
The administration must also calculate its negotiating power Nobel Prize (for his work on superfluid helium, a consequence Q 
more strongly than it has done so far. China has encouragingly what he had planned at Cambridge) and his contributions to the 
joined the UN International Atomic Energy Agency, but that by | early stages of the Soviet space programme are proof of that. But ` 
itself counts for nothing in the safeguards context. What the | what both East and West lost in 1934 was the embodiment that 
international community needs is that China should adheretothe | Kapitza had then become of the principle that in many ` 
Non-Proliferation Treaty as a nuclear power (just as France | circumstances science is more important than citizenship.. 
oviding a means by which it could eventually be | Kapitza’s visit to Britain in 1966, when his academic gown iss d 






















ns on the control fo nuclear weapons. That | still to have been hanging in the Senior Common Room of rinity — 
ne so late a strate how 
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isa reminder thatit ne 












nited States should be asking forinreturnfor | College, Cambridge, came 
estion of whatthe | widethe gulf had become 
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Nuclear exports 


NEWS 


US heads for trouble 





Washington 

THE United States is inching closer towards 
crowning its improving scientific and tech- 
nological links with China by selling it two 
pressurized water reactors in the thousand- 
megawatt range. Senior administration 
officials do not expect President Reagan to 
clinch the deal during his visit to China this 
month, but they maintain that the Chinese, 
by making significant new commitments 
to the principle of non-proliferation, have 
removed the most serious remaining 
obstacle. 

The US-China agreement on science 
and technology, signed by President Carter 
in 1979, has become increasingly important 
for the Chinese. Extended last January for 
another five years, it is now the most 
_ extensive intergovernmental science and 
<w technology programme involving the 

-United States. More than 10,000 Chinese 
citizens are now studying or undertaking 
research in the United States, about half 
sponsored by the Chinese government: the 
rest study under private auspices. 

An indication of the importance the 
Chinese attach to the agreement is their 
reluctance to allow disagreements with the 
United States, notably over Taiwan, to 
interfere with scientific and technical 
exchanges. China’s biggest complaint, the 
imposition of stringent controls in the 
export of security-related US technology, 
has been substantially met. Last November 
the United States transferred China from 
the ‘“‘special export” category to the 
Category of ‘“‘friendly but not allied” 
nations. 

yp Until recently, China’s failure to sign the 
-Í Non-Proliferation Treaty (NPT) appeared 
to have placed an insuperable obstacle in 
the path of a nuclear agreement between 
the two countries. In January, however, 
China joined the International Atomic 





Energy Agency (IAEA) and Premier Zhao _ 


Ziyang, visiting Washington in the same 
month, emphasized China’s wish to 
prevent proliferation. 

- Both the Reagan Administration and the 
US nuclear industry are eager to press 
ahead with the reactor deal. China has 
no operational nuclear power plants at 
present, and its intention to build up to ten 
reactors makes it the only promising 






for US reactors. US manufacturers have 


meanwhile been prevented, while the. 


<- agreement has been under discussion, from 
_ bidding for a share of the work on China’s 
two-reactor project at Guan Dong. Their 
_ British and French competitors have not 
- been so constrained, while Japan is 


a ‘Supplying the pressure vessel- for an. 
_ Indigenous 300-megawatt reactor under | 





oreign market, apart perhaps from Egypt, | 


on reactors for China 


construction near Shanghai. 


Congress may yet stand in the way of 


an agreement, however. Because China 
already possesses. nuclear weapons, its 
failure to sign the treaty puts no legal 
obstacles in the way of a sale. But the US 
Atomic Energy Act, as amended by the 
1978 Non-Proliferation Act, contains 
several provisions that could offend 
Chinese national sensibilities and enable 
those in Congress who suspect China of 
helping Pakistan develop a nuclear 
weapons programme to block the 
agreement. The real stumbling block is a 
provision that allows the United States to 
veto the reprocessing of Chinese nuclear 
fuel used in a reactor supplied from the 
United States. Countries already thus 
affected complain that the provision is 
cumbersome, disrupting their nuclear 
power planning. Japan, for example, has 
routinely to seek US permission to ship 
spent fuel to France and Britain for 
reprocessing. 


Privately, administration and congres- 


The Federation of American Scientis 











sional officials concede that for a nuck 
power such as China, US exertions te 
the importance of non-proliferatio 
symbolic rather than substa 

policy, however, is to win internati: 
support for the Non-Proliferation Tr 


In some cases, that has proved difficu 


(FAS), for example, is concerned. about _ 
the State Department’s failure to enforce _ 
several agreements between the United 
States and the European Atomic Energy 
Community (Euratom) which, it believes, 
obliges the United States to prevent France 
from using its new Superphénix breeder 
reactor for nuclear weapons purposes. Up __ 
to 30 per cent of the plutonium to be used in _ 5 
the initial core of Superphénix was 
separated from spent-fuel originating in 
the United States. FAS, and several _ 
congressmen, believe the United States is __ 
legally obliged to see that none of that 
plutonium is used for military purposes. 
France, however, refuses. to identify 
which nuclear reactors contribute to its 
weapons capabilities. An attempt by the 
US State Department to meddle with the i 
running of the proud Superphénix project- 
could hardly fail to arouse some fierce 
Gallic hauteur. Peter David 





US nuclear power 


Management blamed for failure | 


Washington 
A MARATHON research study just 
completed by the Nuclear Regulatory 
Commission (NRC) has. concluded that 
poor management by power companies 
and their contractors — not the complexity 
of NRC regulations — is the underlying 
cause of the chronic technical deficiencies 
of many new US reactors. The report, one 
of the most outspoken ever issued by NRC, 
says many first-time reactor. builders have 
embraced nuclear technology with a “false 
sense of security” engendered by previous 
successes with fossil fuel plants. 

NRC, which undertook the study. at 
the insistence of Congress, looked in detail 


at four reactor projects (Marble . Hill, | 
| Zimmer, South Texas and Diablo Canyon) 
that have been plagued by difficulties. In | ) ria 
_ competence, both before receiving a permit 


most cases, it concluded, the difficulties 
were due to inadequate management, 
not to poor craftsmanship by builders 
and technicians. In almost all cases, the 
power companies’ experience had been 


limited to construction of fossil fuel plants, | 
and managers approached the building of | 
reactors without appreciating the tech- | 
- nological challenges. NRC reports that one. 
_ (unidentified) chief executive described his 
utility’s first planned nuclear plant as ‘just 


another tea kettle, 


This overconfidence, the commission | 
found, tended to- result in understaffing 
and the selection of contractors with | 


| the progress of reactor projects ever 


_ independent third parties who: 


limited experience of building nuclear 
plants. Often, power companies used the- 
same contractor to build the plant and to ee 
monitor its progress. In some cases, the 
report says, nobody was managing the 3 
project; ‘‘the project had inertia but no _ Be 
guidance or direction”. Previous nuclear. 
experience, NRC maintains, appears to be oe 
the single most important advantage of = 
companies which had been able to build 
reactors with relatively little difficulty, = = 
The commission concedes that it must o 
share some of the blame for having granted - 
construction permits to power companies 
that would not have- received them in. 


| today’s stricter regulatory environment, s - 


The study recommends that future 


applicants for construction permits will 


have to prove their overall managerial. 





and at two-year intervals thereafter, NRC 2 
is considering setting up a new advisory. = 
comittee to judge the managerial ability of 
applicants. E ae 

The commission may also adopt a Te 
commendation in the report to set upa- 


system of independent inspectors toau 










years. NRC would establish guid 
the audits, but the inspectors 


be to ensure that plants were 
according to their design ani 
requirements. a 


_ Japanese education 





Nakasone plans for reform 


Tokyo 

THE first step towards a major reform of 
Japan’s educational system was success- 
fully taken last week, when Prime Minister 
Yasuhiro Nakasone succeeded in winning 
sufficient support from opposition parties 
to establish a reform commission. 

Last month, a private advisory panel set 
up by Nakasone had come out in favour of 
drastic changes in the university and school 
systems. Nakasone quickly embodied these 
ideas in a bill setting up a special commis- 
sion to recommend how best to bring about 
reform. With support gained from two of 
the smaller opposition parties, the passage 
of the bill in the Diet is now certain, and the 
commission, all of whose members will be 
appointed by the prime minister, will begin 
work on I July. 

Both the private advisory panel and 
popular opinion identify the university en- 
trance “examination hell’, and its over- 
whelming importance in deciding the 
lifetime success of students, as the real 
villain of the educational system. Entrance 
into a top state university virtually assures 
success for life. The influential ministries 
and the major companies take virtually all 
of their staff from this elite group. 

To enter an elite university requires high 
scores in a series of examinations which 
largely test students’ ability at rote learn- 
ing. Incredible feats of endurance are re- 
quired — government surveys show that 
throughout their school careers, more than 
half of school students put in more than 
two hours of extra study each night, while 
20 per cent are averaging three and a half 
hours a night. Further efforts still are re- 
quired around examination time, when the 
dictum ‘“‘Sleep five hours pass, sleep six 
hours fail’’ holds. 

This pressure to succeed has warped the 
whole school system, down to the primary 
school level. Primary education has 
become little more than a competition for 
entry into a good junior high school, and 
junior high school a competition for entry 

into a good senior high schoo! — where the 
cramming for the university entrance €x- 
amination begins in earnest. At each stage 
a there are tests and more tests and ever- 
page increasing reliance on after-school cram- 
“ming colleges. As Japanese schools are 
-tre lly unstreamed and class sizes are | 
! wards the legal limit of 45 students, 
“eannot keep up soon find 
abandoned. 
its may include the increase in 


t teachers in junior high 













































































What directions may reform take? One 
possibility raised by Nakasone’s private ad- 
visory group is that individual university 
departments could decide their own en- 
trance criteria: instead of the overall test 
score determining entry, medical schools 
could, for example, take the revolutionary 
step of interviewing candidates to see if 
they would make good doctors. Or college 
applicants could be given the choice of ap- 
plying on the basis of test scores, essays OF 
high school assessments. 

Further down the system, high school 
entrance could be decided by taking into 
account teachers’ reports and extracur- 
ricular activities as well as test scores. One 
stage of competition could even be done 
away with by fusing junior and senior high 
schools, although this would controversial- 
ly require revision of the basic law on 
education that established a democratic 
education system at the end of the Second 
World War. 

Reforms along these lines are never- 
theless all popular. But another feature of 
Nakasone’s programme explains why the 
Socialist and Communist parties have con- 
sistently opposed his special reform com- 
mission. Together with an ‘“‘increase in 
flexibility” of the system, Nakasone has 
also called for ‘‘moral education’ to 
strengthen the Japanese spirit of ‘“‘unity, 
industriousness and loyalty’’ which he sees 
as stemming from the combination of 
Japanese ‘‘ancient national traits’’ with 
Confucianism, Buddhism and democracy. 
Plainly this appeal seems to the left wing a 
recipe for returning to the narrow dogmas 
of pre-war nationalism. 

Teachers also worry just how such 
“moral” training might be implemented. 
Already suggested are the “retraining” of 
teachers, the majority of whom are 
members of the left-wing Japanese 
teachers’ union which has consistently op- 
posed Nakasone’s policies, and increasing 
the already tight control over the contents 
of school textbooks. Just what might hap- 
pen in this latter sphere was well illustrated 
two years ago when an attempt was made to 


reinterpret Japanese history by referring to | 
| delays which have dogged the PFR, acom- 


the invasion of China asan ‘ ‘advance’ and 
the forced conscription of Korean labour 
during the war as ‘“‘labour mobilization”. 

Those supporting the new commission 
are calling for its first recommendations to 
be put into operation within two years. But 
most members of the public take a much 
more cynical view: proposing reform will 
help to boost Nakasone’s popularity as he 
heads into the November contest for the 


|. party leadership, but the reliance on pure 
| examination results for university entrance 


| and the old boy network that ensures suc- 


cess for elite university graduates are just 


THe United Kingdom Atomic Energy. 


| to run at full power late this summer, 


too deeply embedded in Japanese society | 
_ for any real changes ever to be made. _ 
sgt E y Alun Anderson 


commercial fast reactor, is_“‘con 


| the past 10 years have been over 
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_ UK nuclear energy 


Research plans 


scrutinized 


* 


Authority (AEA) is resisting government 


proposals to hive off some of its pro- 


grammes and establish them as independ- 
ent companies. The authority, a statutory 
body financed by parliamentary grant, iS 
now the subject of a ‘wide-ranging overall 
review” by the Department of Energy. The 
department is looking especially hard atthe ` 
work the authority does for the Central 
Electricity Generating Board on the safety 
of pressurized water reactors and advanced 
gas-cooled reactors, and at its non-nuclear 
research. 

AEA officials maintain that the 
authority’s strength lies in the wide variety 
of engineering specializations that it is able 
to bring to problems. They say that it 
would be weakened by the removal of any 
sector of its activities. Officials also point 
out that much of the safety research sup- .«, 
porting the nuclear power programme is — 
already self-financing. AEA is pressing for | 
more freedom to initiate research into 
alternative methods of radioactive waste 
disposal; it has been a long-standing 
grumble that the same government 
department that regulates radioactive 
waste disposal, the Department of the 
Environment, is also the sole sponsor of 
research in the field. 

The fast reactor development pro- 
gramme, centred at Dounreay in the north 
of Scotland, absorbed nearly half of 
AEA’s net expenditure of £205 million in 
1982~83. Earlier this year, the Comptroller 
and Auditor General criticized financial 
controls on the authority’s spending, 
especially on the prototype fast reactor 
(PFR). The auditor’s report concluded... 
that present arrangements do not require y 
AEA to work to sufficiently clearly defined ` 
objectives and time scales. AEA officials 
say the report is misleading, however, and 
that it appears to confuse the cost of the 
PER at Dounreay and the overall research 
programme of which it is part. 

Sir Peter Hirsch, the authority’s chair- 
man, recently explained that despite the 





mercial-scale fast reactor could now be 
built up to 20 per cent more cheaply than 
would have been possible in the 1970s, 
when one was originally planned before 
electricity demand projections fell. The ` 
total cost of the fast reactor projects 
including work on fuel cycle development,— 
is now expected to reach £3,700 million. 
Technical problems with leaking welds in 
the secondary coolant circuit at Dounreay ` 
have delayed the PFR but itis now expected. 
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The authority is now in the process of 
negotiating with its foreign partners the 
details of the fast reactor research colla- 
boration agreements that it signed in 
March. AEA has been given an assurance 
‘that the current review will not interfere 
ith that process. UK expenditure on fast 
reactor development is to settle at £75 
million a year for the foreseeable future 
< (1984 prices), considerably less than the 
expenditure a few years ago and rather less 
_ than France and West Germany are putting 
-into fast breeder development. 


~ Biological weapons 











` n : 


The government will now be looking for 
further ways of achieving savings at AEA. 
There are some fears that short-term finan- 
cial targets may reduce the supply of 
nuclear engineers to a level below that 
necessary to support any expansion of the 
nuclear power programme next century. 
Energy strategists perceive a danger that 
failure to plan for future manpower needs 
could result in over-rapid expansion of the 
industry with consequent over-capacity: 
the French reactor construction industry is 
cited as an example. Tim Beardsley 





_ Soviet Union accused 


Washington 
Tue US Department of Defense (DoD) 
_ Said last week that the Soviet Union 
appears to be trying to apply genetic 
engineering research to an already broad 
__.. biological warfare research effort that vio- 
_ lates the Biological and Toxin Weapons 
Convention of 1972. Although the alle- 
, gation, contained in the department’s 
fatest annual assessment of Soviet military 
power, is not accompanied by any 
evidence, the DoD pamphlet argues that 
genetic engineering could open up a large 
_ number of biological warfare possibilities. 
-> Natural organisms could be modified to 
-> carry diseases for which an opponent has 
no cure, and agents now thought too 
unstable for storage or biological warfare 
_ could be turned into practical weapons. 
-~ DoD says the Soviet Union has at least 
___ Seven biological warfare centres, including 
one in the city of Sverdlovsk. It was this 
_ centre, the United States believes, which 
was responsible for a major anthrax leak in 
- 1979 that may have infected as many as 
< < 3,000 people. The Soviet Union says the 
- -anthrax was caused by contaminated meat 
~ sold on the black market. 
= 9~-The DoD assessment reports that 
- (defence research and development by the 


‘Soviet Union is growing at a rate of six to 
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Seven per cent a year and supports a 
work of 3,200 research institutes. The 
Oviet scientific enterprise, DoD ruefully 
-points out, enjoys several advantages over 
hat of the United States. Soviet 
educational institutions graduate five times 
as many scientists and engineers; and 

ding for strategically important pro- 
rammes is not subject to the political 
ertainties endemic in the United States. . 
ttressing this indigenous effort, DoD. 















claims, is a coordinated campaign to poach 
scientific and technological expertise from 
the West. The Soviet Academy of Sciences 
and several of its institutes follow Western 
science and technology and subscribe to the 
growing number of computerized data- 
bases established in the West to dis- 
seminate findings. Although it concedes 
that the bulk of such technology transfer is 
legal, DoD says much of it is not. It com- 
plains that the Soviets acquired crucial 
information on magnetic bubble memory 
through a Hungarian scientist working at a 
US university on a US-funded grant. 

The pamphlet says the Soviet Union has 
made good use of its student exchange pro- 
gramme with the United States. At least | 
three-quarters of the students it sends to 
the United States are scientists or 
engineers, whereas their US counterparts 
tend to be from the social sciences or 
humanities. Soviet candidates have 
“‘nearly always” proposed research 
involving technology with military 
applications. Peter David 
























































































Refusnik freedom? 


Soviet Jewish scientists may have reason 
to hope that the regime of Mr Konstantin 
Chernenko will prove less harsh than that 
of his predecessor. Dr David Goldfarb has 
now been given permission to emigrate 
although previously he had been several 
times informed that, in his former work as 
a molecular biologist, he had had access to _ 
classified data, and therefore could not be 
allowed to leave the country. | 

Moreover, Dr Viktor Brailovskii, who 
has just completed a term of Siberian exile 
for (in effect) having hosted the Sunday 
seminars for ‘‘refusnik’’ scientists, has 
been allowed to return to his Moscow 
home. Previously prominent activists who 
had served terms in Siberia were not 
allowed to return to Moscow or Leningrad. 


leave the Soviet Union in March, the 
smallest number since the emi 








Optim 








movement started in 1968. 
_ Suggest this figure was an afte 
- Andropoy era. a 





several valuable construction contracts in 
arid countries. The Hungarian visitors, in- 


| future British partnership in such ventures. 


Even so, pessimists among the refusniks | 
point out that only 51 Jews were allowed to). 













Week expos vn 
weak links | 


THE “Hungary Today” week in Br 
(9-13 April), although it included: soi 
peripheral cultural events, was int 
primarily to promote Hungarian 
technology. The first such event for tw 
years, it included a small technical and 
trade exhibition in London, and briefing 
seminars in London and Manchester. Held 
in the afterglow of the visit of the British 
Prime Minsiter, Mrs Margaret Thatcher, 
to Hungary in February, and a successful _ 
“British week” in Budapest, despite 
diplomatic pleasantries, the week 
highlighted the many difficulties inherent 
in East-West cooperation. ue 
In nuclear power, for example, Hungary 
is committed to a programme based on 
Soviet VVER light-water reactors and 
Soviet fuel. Hungary provides the 
generating equipment and the resulting sta- 
tion is more than a simple matching of the 
two components, since the Hungarians — 
have introduced a number of im- 
provements of their own. Notably, they. a 
have developed a special containment 
system for the VVER reactor which they __ 
have managed to sell back for a Soviet ee 
power station. Since it would be unrealistic 
to envisage British nuclear reactors in __ 
Hungarian power stations, the only __ 
possibility of major cooperation would be 
in the joint supply of equipment toathird 
(preferably neutral or nonaligned) coun- 
try. 
Tn some sectors, cooperation in 
knowhow seems more promising than in 
hardware. The Hungarian modification of —__ 
the PROLOG programming system, _ 
M-PROLOG (the M stands for modular) — 
seems to offer a number of possibilities. In 
one case, the construction of dry-cooling _ 
towers for conventional power stations, 
Hungary has to some extent stolen a march 
on Britain; using a principle pioneered at 
Rugeley in the 1960s and since abandoned — 
in Britain, the Hungarians have secured — 











































































cidentally, seemed only too willing for 


But many obstacles stand in the way of | 
further cooperation. For instance, t 
Csepel machine tool works can offer hig 
precision computer controlled 
tools at prices attractive to B 
trepreneuers. But if the dev 
down, up to a fortnight of val 
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` Washington 

: FEDERAL rules governing the use of 
-animals for biomedical research in the 
- United States are to be strengthened, 
although a series of inspections by the 
' National Institutes of Health (NIH) has 
found existing procedures to be working 


-> well. NIH have published draft rules which 
2> would make compliance with their animal 


welfare principles mandatory for insti- 
tutions receiving NIH funds. The rules, 
which may be amended after a period of 
public comment, also provide for closer 


NIH monitoring of grantee institutions 
= and for a stronger role for the animal 


research committees (ARCs) within univer- 
sities and research institutions. 
The rules were unveiled last week at an 
unusual conference at the National 
Academy of Sciences. Participants dis- 
cussed the ethics of using animals in 
research, and humans whose lives had been 
saved as a result of such research gave im- 
passioned testimony of the importance of 
continuing to use animals. Dr Edward 
Brandt, US Assistant Secretary for Health, 
praised the scientific community for its 
“responsible conduct’’ in the use of 
animals. Contemporary science, he said, is 
more sensitive than ever to the need for a 
humane approach, but this heightened 
sensitivity should be reflected in “‘stronger, 
more precise administrative arrangements 
within grantee institutions themselves’. 
While present NIH guidelines say 
research institutions seeking NIH support 
must express their ‘‘commitment to 
comply” with NIH’s principles for the use 
of animals, the new regulations insist that 
institutions must regard the principles as 
mandatory. The regulations also provide 
for a more active NIH role in ensuring that 
the principles are indeed implemented. 
Institutions which choose not to seek 
accreditation by the American Association 
for Accreditation of Laboratory Animal 
Care (AAALAC) will have to submit 


annual reports describing their policy 


towards animals in research. They will also 
be subject to random inspections by Public 


The principles themselves have been 
altered little, although NIH warn that 
changes may follow a decision to adopt 
standard government-wide policies as a 
result of current interagency discussions. 
At present, NIH set out a dozen short 
principles covering the personnel permitted 
- to use animals in research, the purpose and 
_ conduct of the research and the facilities in 
_ which animals are housed and transported. 

Experiments involving live vertebrate 
animals, for example, must be performed 


under the supervision of a qualified. 

| textbooks used in its schools must first be 
| approved by the state board. Because 
Texas spends more than $60 million a year | 


random or unnecessary’’. Experiments 
should be conducted to avoid ‘‘all unneces- 
sary suffering and injury’’. When it does 
not invalidate the experiment, and when 
it will reduce discomfort, experimental 
animals are to be anaesthetized under the 
supervision of a senior scientist. 

A significant change in existing policy, 
and one that may cause organizational pro- 
blems, is a call for a stronger and better- 
defined role for ARCs. Visits to ten univer- 
sities and research institutions last year ap- 
parently convinced NIH that although all 
institutions had set up such committees, 
many were ‘‘less than fully assertive” in ex- 
ercising their responsibilities. As a result, 
the new regulations contain more specific 
membership requirements and set out the 
ARCs’ role in considerable detail. 

Existing rules say ARCs must have at 
least five members and a veterinarian. The 
new rules say each committee must include 
an individual not affiliated with the insti- 


_, tution, a non-scientist and a practising 
scientist experienced in laboratory animal” 
medicine. The committees would have ex- 


tensive responsibilities. They would have 
oversight of an institution’s general trea 
ment of research animals, and the right to; 
stop research projects that fail to comply 
with their policies. ARCs would also be ex- 
pected to review all research proposals to 
approve the approach to animal welfare. 
They will not, NIH emphasize, be expected 
to consider scientific merit. : 
Few organizations have had time to 
assess the likely impact of the new regu- 
lations. But Ms Carol Scheman, director of 
federal relations for health and biomedical 
research at the Association of American 
Universities, expressed concern about the 
ability of ARCs to recruit members willing 
to deal with the large volume of work ex- 
pected of them. She also warned that if the 
undeclared aim of the new regulations was _ 
to compel all institutions to meet the — ; 
stringent standards of AAALAC, the cost 
could prove staggering. In 1982, NIH i 


themselves estimated that the cost to their — 


grantees of such an effort could exceed 
$500 million. Peter David 





US science teaching 


Texan textbooks evolve 


Washington 

THE Texas board of education last week 
repealed its decade-old textbook regu- 
lations, which have required school text- 
books to present evolution as only one of 
several explanations of the origins of man- 
kind, and in a manner “‘not detrimental to 
other theories of origin’’. The rules, which 
have been blamed for widespread changes 
in biology textbooks throughout the 
United States, were declared unconstitu- 
tional last month by the Texas state 
attorney general, Mr Jim Mattox. 

In a non-binding opinion, Mr Mattox 
said the rules had been motivated by a con- 
cern for religious sensibilities rather than 
for scientific truth, and therefore violated 
the constitutional separation of church and 
state. The board of education voted over- 
whelmingly last week to repeal the regu- 
lations. The decision means that publishers 
will no longer be required to print a state- 


ment on the introductory page of 
textbooks that any material on evolution | 


‘is presented as theory rather than fact’’. 
And it is also now easier for opponents of 
creationism to argue before the Texas 
board for the rejection of texts that have 
reduced or dropped references to 
evolution. 

Pressure to repeal the Texas rules came 
principally from People for the American 
Way, a liberal pressure group committed to 
the separation of church and state. Like 
many southern states, Texas insists that all 


Lion textbooks, 10 per cent of the natio 





‘soap (see Nature 303, 738; 1983 
` sentences were stayed pending appes 


textbook market, the rules have exerted 
enormous pressure on publishers. 

The group claims that since the rules first 
went into effect, many textbook publishers 
have decreased or even eliminated their 
coverage of evolution. An analysis by Dr 
Gerald Skoog of Texas Tech University 
found that space devoted to evolution in 
school texts has dropped by as much as a 
half since the mid-1970s. Peter David | 





Prison for fraud 

Washington o 
THREE US scientists convicted last October’ 
of falsifying the results of tests conducted 
under contract for the federal government 
are to go to prison. Announcing thathewas 
“sending a message” to the scientific : 
community, US District Judge John 
Nordberg last week imposed prison 


| sentences on three employees of the now- 


defunct Industrial Bio-Test Laboratories — 
Inc. in Chicago. ae 
Dr Moreno Keplinger, former head of __ 
toxicology at the laboratory, was sentenced | 
to a year in prison and four years of pro- 
bation. Mr James Plank, assistant. 
toxicology manager, and Mr Paul Wright 
head of the rat toxicology section, receis 


- sentences of six months in prison and two ` 


years probation. 

The three were found guilty of faking the 
results of experiments designed to asses 
the safety of an antiarthritis drug, | 
pesticide and an antibacterial agent usec 





















THE British Geological Survey (BGS) is be- 
g forced to think again about a plan to 
love its scientific collections and library 
from their current prime site in South Ken- 
sington, London, to remote Keyworth in 
Nottinghamshire. Users protest that the 
Move will leave the capital without a 
specialist geological library, while much of 
the library material at Keyworth will be 
_ duplicated or even triplicated. 
| The survey, known until this year as the 
___. Institute of Geological Sciences, is in dire 
-financial straits. While two-thirds of its in- 
= Come is earned from commissioned 
~ esearch, it received £9 million from the 
_ Natural Environment Research Council 
_ (NERC) in 1982-83. This year, BGS’s 
_ grant from NERC is likely to be cut by 
_$0-60 per cent. The move to Keyworth is 
-seen as a way for NERC to achieve substan- 
__. tial savings but is proving very unpopular 


Rifkin bugs bug 

-~ Washington 

Mr Jeremy Rifkin, the United States’ 
-leading opponent of genetic engineering 
and the scourge of the biotechnology 
industry, was back in court last week 
> seeking an injunction to prevent the 
_ University of California, Berkeley, from 
_ going ahead with its controversial frost- 
_. -Yetarding experiment before a court had 
_. dealt with his suit alleging that the National 
Institutes of Health (NIH) had approved 
~ the experiment without adequately assess- 
ing the environmental dangers, 
_. Berkeley had decided to postpone the 
experiment, which would entail the first- 
ever release of a DNA-modified organism 
_- into the environment, when Mr Rifkin 
> threatened six months ago to seek a 
— Wstraining order. Last year, Mr Rifkin and 









































































< Several environmental groups filed suit in 
ee federal court challenging NIH’s decision to 
`- approve the release of such organisms (see 
= Nature 305, 349; 1983). That trial is not 
_ expected to begin until May, but the 
_ University of California announced earlier 
_ this month that it intended to go ahead with 
_ the experiment as soon as weather per- 
<- mitted. 
Judge John Sirica, who is to hear the full 
case later this year, has not yet decided 
in’s preliminary 








































_ while, Berkeley has released a statement 
emphasizing its confidence in the safety of 

€ proposed experiment, under which 
tato plants will be sprayed with a DNA- 
odifed version of a bacterium which, in 
natural state, enhances the formation of 
ost on the crops. The modified version 
as been stripped of its ice-nucleating 
roperties i in the hope that it will displace 
atural counterpart and enable crops to 
ive lower Apea Peter David 





some quarters that they have to justify 
themselves to outside bodies such as the 


Science and Engineering Research Coun- 
cil, which assists in Assessing the aE E 


Move from London opposed 


with BGS staff and users of the library and 
collections. Formal protests have been 
made by the University of London, the 
Palaeontographical Society and others. 
BGS seems ready to accept that it will 
have to keep open some sort of informa- 


tion point in London where its publications. 


and maps will be available for consulta- 
tion. Large-scale geological maps are 
among the most used items in the library. 
But then, the argument goes, why not keep 
some of the books in London also, at least 
those that would be duplicated in 
Keyworth? BGS will say only that it is 
holding consultations. The consultations 
are less than urgent, however, as the 
buildings that will house the library and 
museum at Keyworth have not even been 
designed yet. Staff complain they are not 
kept adequately informed on progress. 
The plan for the geological specimens is 
that reference collections in palaeontology 
and petrology will be moved to Keyworth, 
while those that are on public display in the 
existing Geological Museum in South Ken- 
sington will be transferred or loaned to the 
British Museum (Natural History) — 
BMNH — conveniently situated next door. 
BMNH will then eventually take over the 


UK universities 


New blood encouraged 


BRITISH universities are now in the thick of 
a search for 400 academics aged under 35 to 
join their staffs at the beginning of next 
academic year. This year’s quota of what 
are called “new blood” appointments 
(350) is an increase of 40 per cent on the 
allocations first made this time last year, 
although the proportion in scientific sub- 
jects has decreased. The number of ap- 
pointments to be made under the “‘infor- 
mation technology scheme’’, 46, compares 
with last year’s total of 70 posts. Most new 
blood appointments will be in the physical 
sciences, engineering and medicine. 

This year many universities were better 
prepared to make their applications, hav- 
ing had a year to rehearse their arguments. 
Many were caught on the hop by the 
timetable for applications last year. Of the 
46 information technology appointments 
to be made this year, 35 are designed to 
strengthen research while the remainder 
are intended to provide specialist courses, 
an increase in the number for research. 

Universities seem to have mixed feelings 
about the schemes. While they are glad 
they can make appointments they could 
not otherwise afford, there is resentment in 


University Grants Committee and the 


The Committee 





































| crease in the total of new blood appoint- 


bafflement avout Pine ay the allo ati 
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whole of the building now occupie 
BGS. k 
The move of the reference collectio: 
Keyworth is now accepted as inevitab 
users, who nevertheless complain aboutt 
inaccessibility of the site (Keyworth ha 
railway station for example). But staff 
the geological museum are very anxio 
that the merger with BMNH will n 
damage hopes of modernizing displays, 
some of which are hopelessly out of date (a 
display on oil omits to mention North $ 
oil, and the museum boasts a large exhibit 
on ironstone mining in Northamptonshire _ 
that finished decades ago). a 
A NERC/BMNH working party on the z 
merger included in its terms of reference 
the condition that geological sciences must 
be no less visible to the public in future than 
they have been in the past. BMNH has am- 
bitious plans to integrate displays to cover 
all the natural sciences in a way neither 
museum can achieve alone. The Advisory 
Board for the Research Councils, which — 
recommends the share-out of the science _ 
budget, approves of the proposed merger 
and has recommended a modest increase of 
resources for BMNH to take account of _ 
this. But the amount proposed (£2.3 — 
million for each of the three years from . 
1984-85) will not, according to some, be 
enough to achieve the much-needed 
modernizations. Tim Beardsley ~ 










































Principals distances itself from the scheme. es 
by saying it is convinced that universities’ oe 
long-term planning and management _ 
should be returned as soon as possible to 
the universities. Some of the appointments - 
made earlier this year are said to have at- 
tracted outstanding scientists into universi- me 
ty research, while in areas such as com- _ 
puting, where there is strong competition ae 
from industry, difficulty was experienced 
in filling some posts. The University Grants. 
Committee this year warns universities not 
to be too fussy in their requirements, o 
There was also last year some confusion : 
over the financial operation of the scheme, 
which lasts for only three years. At the end 
of three years, financial allowances for- 
those appointed will be incorporated into 
universities’ recurrent grant: several ap- 
pointments last year were made by depart- 
ments which thought the earmarked grant 
of up to £20,000 (£21,000 from October) 
would continue indefinitely. Despite thein- 








































ments to be made this year, the total 
amount of money for the scheme has not 
been increased and the University Grants 
Committee is at pains to point out that | 
there will have to bea compensating reduc- 
tion in the number of appoinments made 
next year. Many universities that. were ui n= 
successful last year profess surprise and 






















Nature bites 
the dust 


~ Tokyo 
TONE of Japan’s oldest science journals, 
which for the past few years has carried on 
its front cover both the Japanese title 
_ Shizen and its English translation Nature, 
-is to suspend publication. 
X Since it was launched in 1947, Nature 
< (Shizen) has provided a unique monthly 
forum for Japanese scientists from all dis- 
ciplines to present their work, in Japanese, 
to a wide audience. The bulk of the journal 
is made up of a section containing articles 
very much in the style of Nature’s News 
and Views. The latest (and last) issue for 
April takes up themes ranging from grand 
unified theories to the twinkling of stars. 
_ Other sections provide a brief round-up of 
= works appearing in foreign journals, many 
from Nature, and some longer and more 
technical articles under the heading 
Ronbun (theses). 

The suspension of Nature (Shizen) by its 
publisher, Chuo Koron, has astonished 
many of Japan’s scientists. Several factors 
seem to be responsible. In the now intense 
competition for the popular science reader- 
ship, Nature (Shizen)’s circulation has 
been on the decline. Within the past three 
years, six new monthly science magazines, 
all of them illustrated with a lavishness that 
made Nature (Shizen)’s sober print look 
archaic, had acquired a combined circu- 
lation of 750,000. This ‘‘science boom’’, 
reflecting, as Nature had hopefully specu- 
late (see Nature 305, 365; 1983), a new 


pride in Japan’s technological achieve- 


ments, seems to have been short-lived. 

Circulation of the new breed of science- 
based magazines has slumped this year and 
one of them is going out of business. The 
lack of interest in science is even persuading 
the promoters of Expo *85 — the giant 
international science exposition due to be 
held in Tsukuba Science City next year — 
to push the sub-theme of ‘‘colour and 
image’’ rather than the basic theme of 
science and technology as it is “‘not a 
popular drawing card’’. 

A further good reason for suspending 
publication of Nature (Shizen) came with 
the retirement of the editor, Akihiko 
Okabe, who had been running the journal 
for 32 years. During his long editorship 
Okobe has achieved something of a god- 
dike status among Japanese scientists, and 
-it is said that there were great difficulties 
in thinking of anyone who could succeed 
him in the post. 

There is also, of course, the strange 
coincidence that Nature (Shizen)’s death 
‘comes just as Nature sets up its first 
Japanese office in Tokyo. Perhaps as one 
scientist at editor Okabe’s farewell party 
put it, “it would be unnatural for a nation 
_tohavetwo natures”, 











Bulgaria 





Computer industry goes soft 


BULGARIA’S computer industry has been 
let down by the software sector, Ognyan 
Doinov, Minister of Machine Building, 
told the national conference of the 
Bulgarian Communist Party last month. 
Although computers similar to the 
Bulgarian models have elsewhere become a 
‘powerful tool for mastering scientific and 
technical achievements’’, in Bulgaria, 
computers remain ‘‘dead objects” for lack 
of programming knowhow. 

The conference was debating a new drive 
for ‘‘quality’’ in all aspects of the national 
economy which, Doinov said, could be 
achieved only by widespread modern- 
ization and automation of industry, 
development of indigenous technology to 
replace costly and often obsolescent 
imports and a campaign to make the whole 
nation computer-minded. 

To begin with, training will concentrate 
on secondary-school and university 
students, whose education is already sub- 


stantially job orientated. The programm 
will centre on Bulgaria’s new ‘‘Pravets-82"" 
personal computer, which goes into serial 
production this year and which, given 
appropriate programs, is expected to have 
a wide range of commercial, administrative 








and educational uses as well as becoming — 


the basis for automatic quality control 
systems in industry. 

The sociological implications of 
computer training have not been over- 
looked. Young people who fail to become 
familiar with computer techniques, 
Doinov said, will be unable to develop their 
talents and they will be ‘‘disappointed with 
both themselves and society’’, while those 
who master computer skills will be ‘‘satis- 
fied and self-reliant”. He even hinted that 
computers can be used for recreational. | 
purposes, thereby becoming probably the 


first Comecon minister to mention 


computer games in the august atmosphere 
of a party conference. Vera Rici 


OSSA 


Technology by bus 


BrRITAIN’s Minister for Information 
Technology, Mr Kenneth Baker, announ- 
ced last week the latest in his department’s 
seemingly unending series of special 
schemes to promote applications of new 
technology. The department, together with 
the Manpower Services Commission, is to 
spend £2.5 million on setting up a national 
centre to train teachers technology. 

The Department of Trade and Industry 
sees education as an important part of its 
activities; for example, it was behind the 
project, generally regarded as a success, to 
provide a microcomputer in every school in 
Britain. Its latest scheme might seem even 
more obviously to be trespassing on the 
patch of the Department of Education and 
Science, but Mr Baker seems to have more 
success in securing finance for innovative 
schemes than Sir Keith Joseph, Secretary 
of State for Education and Science. The 
new centre will eventually have to be self- 


Brave new world — Baker’s bus in action 
























financing. 


The new British School Technology 
Centre has been developed from a teacher __ 
training project devised at Trent Poly- = 


technic, in Nottingham. The success of the 
project in Bedfordshire, where it was first 
tried out, has persuaded the department 
that it would be worth promoting at a 


national level. Britain is very short of © o 


technology teachers and the new centre 


aims to educate and inspire by meansofa 


travelling roadshow of buses equipped 
with all manner of miniature tech- 
nological marvels. The buses will travel 
around Britain providing in-service: 
training to teachers, while the new centre 
continues to develop its series of courses in 
technology education to promote to loc 





education authorities. Many authoriti 
are said to be showing interest, and in areas 
where the new courses have been used the 
number of pupils choosing to study 
technological subjects has increased drame 
atically. 






Tim Beardsley — : 











R — The article ‘‘Safeguarding the pool’ 
(Nature 308, 109; 1984) does well to report 
ihe current international resources. In par- 
ular it highlights the move headed bya 
‘umber of developing nations within the 
Food and Agriculture Organization (FAO) 
to create a “legalized framework” for 
genetic resources activities. This proposed 
agreement, yet to be ratified by member 
governments, is a matter of concern to 
those involved in plant genetic conserva- 
< tion. 
c The International Board for Plant 
_ Genetic Resources (IBPGR) has lately been 
-described as ineffectual’, but while the 
‘policies of IBPGR during the past decade 
< May not be totally free from criticism, it has 
„achieved a great deal in preserving rapidly 
-~ disappearing genetic stocks ona worldwide 
scale. Moreover, it is now actively pro- 
~Moting the free exchange of conserved 
germplasm and supporting its utilization in 
=- plant breeding programmes throughout 
„the world. In the long term, only plant 
breeding can solve the world’s food pro- 
duction problems by producing varieties of 
food crops that can make the best use of ir- 
_.» Yigation and other farming inputs in 
_. developing countries. The foundation of 
-any crop improvement programme is in 
= turn the availability of a pool of diverse 
germplasm}. IBPGR has, amongst other 
national and international organizations, 
__ © striven to make this germplasm available to 
all, by conserving it and distributing it free- 
One source of political controversy is the 
_ location of major gene banks in the 
= “North” as opposed to the “South”. 
While it is clear that the United States and 
the Soviet Union hold major germplasm 
_. collections, it should be stressed that these 
_ collections were established several 
Weeades ago, before the recent interest in 
genetic conservation. In fact, the collection 
-< held at the All-Union Institute of Plant In- 
=< dustry in Leningrad was established when 
_ Nicolai Vavilov, the Russian geneticist and 
germplasm pioneer, and his colleagues first 
undertook expeditions to survey genetic 
- “diversity in many crops throughout the 
























has sought to redress the balance through 
the formation of a network of national and 
international gene banks. 

-. Another political hot potato is the idea 

that genetic resources should be repatriated 

¿> to the countries where they were collected. 

We believe that countries that are ‘“‘gene- 

” should unquestionably have free ac- 

ess to their own resources. When IBPGR 

ias sponsored collecting missions, the 

material collected has been divided so that 

| portion has remained in the donor coun- 

ty and a further portion has been 

leposited in a designated gene bank for 
ng-term safekeeping. If genetic resource 

to be repatriated with any effective pur-. 

gee is essential that adeqt 








Plant gene banks at risk 


_ world during the 1920s and 1930s. IBPGR_ 


CORRESPON 


preservation facilities and trained person- 
nel are available to undertake the tasks at 
hand. Unfortunately, in many developing 
countries, adequate storage facilities do 
not exist. At the University of Birmingham 
we continue to train many scientists in the 
techniques of managing genetic resources. 
Most of these people have come from 
developing countries. However, conserva- 
tion cannot often wait for such educational 


| development. Surely it is better to have col- 


lected genetic resources before they finally 
disappear, and have them safely deposited 
in gene banks albeit in the north, than to 
have procrastinated while political con- 
siderations are resolved? — 

Some developing nations, by their cur- 
rent political strategy within FAO, are 
striving to score barely-relevant political 
points against the developed nations, while 
ignoring the urgent needs of their people. 
FAO may seek to create ‘‘a more 
institutionalized structure” for the conser- 
vationists of IBPGR. This, we are afraid 
will not only lead to greater ‘‘discussion’’ 
and debate, but also to inertia in conserva- 
tion and irreversible loss of world plant 
genetic resources. 

BRIAN Forp-Lioyp 
MICHAEL JACKSON 


Department of Plant Biology, 
University of Birmingham, 
PO Box 363, Birmingham B15 2 TT, UK 


1. Mooney, P.R. Development Dialogue 2, 1-172 (1983). 

2. Hawkes, J.G. Diversity of Crop Plants (Harvard Univer- 
sity Press (1983). 

3. World Conservation Strategy CHUCN, 1980). 





Higher education 


SIR — Threats to the future of higher 
education come from several angles and 
strike at different levels. Some are political. 
People on the right tend to look to univer- 
sities primarily to improve the nation’s 
commercial prosperity while people on the 
left tend to regard them as potential agents 
of social change. But more sinister threats 
arise because people fail to see the danger 
to the character of higher education result- 
ing from a progressive loss of the non- 
material values still held, sometimes sub- 
consciously, by a high proportion of 
teachers within it. 

Universities and polytechnics are of 






machine, and the machines, work bett 







but authoritative when possessed. 
this could fall short of conveying a 
that man is more than a passive unit 
education more than acquiring 

tion unrelated to his fundamental need 
may leave society with the notion that | 
real function of universities is to make t 


































Better for what? | 
An essential part of a student’s expe 
ence of higher education is to belong to: 
environment in which the importance 
sheer knowledge, and of constantly adding 
to it, is taken for granted. To acqui 
knowledge of more than facts and theories, 
however, demands a maintained curiosity 
tinged, maybe, with wonder and at times _ 
with fear. For that curiosity to become _ 
superficial can be fatal not only to the 
student’s education but to the progress of 
knowledge itself. s 
There is still a profound and encourag- 
ing confidence alive in higher education 
that truth can be found and that things do 
hold together; a widespread conviction 
that innumerable questions are worth ask: 
ing, and that answers will eventually be dis- 
covered which will not contradict one 
another, Roy NIBLETT 
Pinfarthings Cottage, 
Amberley, Stroud, 
Gloucestershire GL5 5JJ, UK 






















































Multi-computer? 


SIR — The recent news item on funds for : 
computer time (Nature 307, 204; 1984) has 
an instance of art imitating nature. In 
multicellular organisms an assemblage of 
cells, suitably integrated, performs . the 
various functions of the Single, more 
complex cell of a large protist. Similarly, 
researchers at the California Institute of 
Technology propose using an integrated 
assemblage of microprocessors to provide - 
the capabilities of a supercomputer suchas 
CRAY. May we expect integrated multi- 
processors to evolve to larger, more’ 
diverse, more flexible and more powerful 
instruments than even the best supers 
computers? uri 
STEPHEN R, 
Department of Neurochemistry, 
New York State Institute for Basic 
Research in Developmental Disabilities, 


COHEN - 


1050 Forest Hill Road, | 
Staten Island, New York 10314, USA 





Melding words 


SIR — Expert though he is in the art of 
praising with faint damns, it ill becomes 
Bernard Wood (Nature 306, 140: 1983) to 
protest at the creation of new words 
without checking his dictionary. Clearly 
he does not play cards. 

| JOHN GRIBBIN 





39 Southover High Street, 











Publish abstracts 

Sin — J.R. Metcalf (Nature 15 March, 
p.222) asks whether abstracts should be in- 
cluded in hard copy and computerized 
databases. If something is published or 
recorded, whatever its merit or scientific 
value, it is essential that the bibliographic 
control exists to identify and find it. 

|, for one (asa librarian and information 
scientist), would totally support, and in- 
deed use, any secondary source of informa- 
tion that included the coverage of abstracts 
-of this nature, as well as full papers appear- 














ing in conference proceedings. 


S SHEILA M. MOULD 
< MRC Clinical and Population 

== Cytogenetics Unit, 

`> Western General Hospital, 

“Edinburgh EH4 2XU, UK 


Sir — Many databases such as Biological 
Abstracts include abstracts of papers pre- 


sented at conferences. The range of quality 


of these abstracts (as indeed with full 
papers) is large, but as a database user in 
the pharmaceutical industry, I have found 
many occasions when the first announce- 
ment of anew drug is through such publica- 
tion. Consequently I fully support their in- 
clusion in computerized databases. 

In BIOSIS (Biological Abstracts) it is a 
simple matter to exclude all such abstracts, 
if desired, since they appear in the ‘‘Regi- 
ster of Research Methods” section of that 
database. In other databases it is often easy 
to identify such abstracts because they are 
normally only a single page in length, or 
they may appear in a proceedings supple- 
ment with annotated pagination. A compe- 
tent database searcher can therefore avoid 
inundating the researcher with such 
material if requested. 

Surely on balance it is better to have such 
abstracts included and sift out the unwant- 
ed material than to proceed with research in 
ignorance of related and potentially impor- 


tant information. 
I. MCFARLANE 


- Organon Laboratories Limited, 
Newhouse, 
Lanarkshire ML1 5SH, UK 


: * ; 

No simple answer 
-Sır — Jeremy Bray (Nature 1 March, p.9) 

says that “ʻa reduction of salt, sugar and 
saturated fatty acids and an increase of 

dietary fibre in the diet of the nation would 
_ substantially reduce mortality and improve 
` health in the middle years of life”. This 
- talismanic theory was propounded a few 
-years ago by Senator George McGovern. 
‘It is an illustration of ‘‘“Mencken’s law”, 
which states ‘‘For every complex problem, 
there is a simple solution, and it is wrong”. 
Nations do not eat diets, individuals eat 








| mit the survival of some members of the 
| group, among some? although not all wae 
_ traditional human societies living in corres- 


‘are basic nutrients. There is debate as to 


whether excesses of unsaturated fatty acids 
are actually more harmful than are excesses 
of saturated fatty acids. ‘‘Fibre’’ is a vari- 
able entity. It is sometimes measured as 
‘crude fibre’? by weighing residues of 
foodstuffs after extracting with ether, 
dilute acid and dilute alkali’. It is also 
described as a mixture principally of cellu- 
lose, hemicellulose, lignin, pectin and 
gums that is not digested in the intestinal 
tract2. “Fibre” is now so fashionable that 
the addition of sawdust to bread in the 
United States was recently proposed, 
which would be great for termites. 
Non-smokers and non-drinkers who eat 
lots of meat and sugar are said to live longer 
than the average person’. Salt intake needs 
to be reduced in susceptible individuals 
who consume excessive quantities, rather 
than “in the diet of the nation’’. Food 
should be eaten in variety and in modera- 
tion, and enjoyed. THOMAS H. JUKES 
Department of Nutritional Sciences, 
University of California, Berkeley, 
Oakland, California 94608, USA 
1, Composition of Foods, Agriculture Handbook No.8 
(USDA, Washington, 1963). 
2. Story, J.A. & Kritchevsky, D. in Biochemistry of Nutri- 
tion, 189-206 (University Park Press, Baltimore, 1979). 


3. Herbert, V. National Forum, Phi Kappa Phi Journal, 
Winter 1984, pp.3-7. 


The fly domesticated 


SIR — Undoubtedly the method of F.E.G. 
Cox', permitting flies to be trapped (rather 
than swatted) is kind. Yet the problem of 
what to do with the captured fly remains. 
Since the intent is to avoid killing the fly, 
only two options present themselves: (1) 
release the fly out of doors or (2) contain 
it in a ‘‘flyhouse’”’ in part of the home or 
laboratory. The second option is lament- 
ably untenable in view of the fact that the 
flies thus adopted would, given adequate 
nourishment, soon yield a host of young, 
requiring frequent expansion of their 
domicile. The first option is therefore the 
only acceptable course but can result in 
tragedy if practised during the winter 
season when outdoor temperatures fre- 
quently drop below freezing. In such a 
climate, releasing the fly out of doors 
would, in a high percentage of cases, lead 
to its death due to exposure to the cold? 
(flies are poikilothermic). 

A partially acceptable solution to the 
dilemma was suggested to me by A.S. 
Glass: if the fly is released at the boundary 
between indoors and out, at the window sill 
by an opened window, for example, the fly 
may leave the room spontaneously. If, on 
the other hand, it returns to the room it 
may be recaptured and again released, the 
process being repeated indefinitely (with 
suitable rest periods between trials) or until 
satisfaction is achieved. Such ‘‘encouraged 
suicide’’ was long accepted, in order to per- 





ondingl lat 













Interestingly, nobody! *7 has yet sug- 
gested the possibility of coexistence. The 
fly is a most intriguing creature. It is small 
and requires virtually no care, yet will 
literally eat from one’s hand. It thus he 
many of the attributes of a fine house pet. 

KENNETH L. BELL 
Department of Chemistry, : 
New York University, i 
4 Washington Place, 
New York, New York 10003, USA 


1. Cox, F.E.G. Nature MYT, 8 (1984). 

2, Detheir, V.G. To Know a Fly, 23 (Holden-Day, New York, 
1962}. ; 

3, Freuchen, P. Book of the Eskimos, 194-206 (World os 
Publishing Co., 1961). oo 

4. Vanstone, J.W. Point Hope, an Eskimo Village in 
Transition (University of Washington Press, 1962). 

s, Gray, E.G. Nature 304, 678 (1983). 

6, Miller, A. Nature 305, 664 (1983). 

7, Kruythoff, P.N. Nature 308, 570-(1983). 


Count is OK 


SiR — R, F. Entwistle (Nature 308, 222; 
1984) is supporting a lost cause in opposing = — 
the use of the “count” as a pseudo-unite 
Language changes with use, and radio- ne 
activity “counts” made the transition from 
“‘lab-speak’’ to the respectability of + 
regular appearance on the pages of bio- 
chemical literature at least 30 years ago. o 
For a long time this editorial office tried- 
to persuade authors writing for its journals D 
that “to fast’’, as an intransitive verb, was 
incorrectly used in expressions such as 
“fasted rats’’. The latest supplement to the 
Oxford English Dictionary reveals the | 
influence of biologists on grammar; ‘‘to 
fast’? now receives recognition as a trans- 
itive verb, with the usage sanctioned by 
quotations from your own distinguished 
pages. TONY EVANS — 
Editorial Office, 
The Biochemical Society, 
7 Warwick Court, 
London WCIR SDP, UK 












Pagiarism claim 


Sir — It is well known that plagiarism or 
appropriation of ideas or passages from = 
another work or author exists in the scienti- 
fic community today. Another, contrast- — 
ing practice exercised by an alarming pro- ane 
portion of authors submitting papers today ee 
is the wilful omission of references to _ 
previous work in the specific subject. By 
doing so not only do they pretend that their ` 
work or idea/s is/are original but also de 
ceive the referees and the peers who, unfor 
tunately, may be unable to keep up with the 
explosive growth of information which w 
witness today. As there is no specific wo 
in the English language to describe this] ~ 
practice I wish to suggest the word PAgiar- 
ism to denote Purposeful Avoidance o 
making references to past jiterature. 
ideas with intention of deceiving the com 
munity, at large. a 
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| ®@ Selection of software packages for image enhancement : 
© Advanced hardware for fast image analysis S 
® Noise reduction to clean up image 2 
@ TV or slow scan input acceptabilit 
























“Micro Consultants’ Intellect 100 is a compact, programmable system 

for developing high level image processing functions to suit a wide 
range of applications. It accepts normal TV camera and slow scan 
inputs. A choice of computers and disc Storage peripherals is 
available, together with powerful FORTRAN and PASCAL handlers 
and a range of application-specific options such as: 


The RTA (Real Time Analyser) hardware option which provides 
powerful grey level and binary image processing, fast image analysis 
and noise reduction to clean up the image; and the KIAS (Keypad 
image Analysis System) software option which provides easily 
usable, full menu driven particle analysis software for use by 
production engineers, quality monitoring staff, and R & D staff in 
production inspection, as well as by general research personnel, 


hate 


___ Image processing/analysis work can also be carried out using the 
- more powerful Intellect 200, and CRYSTAL — a digital imaging 


system that produces crystal clear pictures from a slow scan or TV 
input. 
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xtinctions by catastrophe? 


‘The suggestion that the disappearence of species from the surface of the Earth has been periodic has 
“stimulated contradictory explanations and also a diversity of ways of dealing with information. 


welcomed by the recipients except whe 
effect is to pre-empt a patch of intellect 
territory), can also be thoroug! 
unhelpful to other people. The most ob 
vious complaint against the system is that 
is discriminatory, excluding from the circl 
of those in the know people who happen 
not to be on the authors’ mailing list. On 
this occasion, the first accounts of models. 
to explain periodic extinction were so swift- 
ly on their way to Nature that, if revision of 
their content had not been recommended, . 
it would have been possible for them to. 
have appeared in print before Raup and 
Sepkoski. : 
Confusion has been further augmented 
by the circumstance that a full account of 
the article by Davis et al. (see p.715) ap- 
peared in the San Francisco Chronicle in 
mid-February, and that a workshop on the -— 
subject (organized by Dr Luiz Alvarez) was __ 
held at Berkeley, California on 3.and 4 
March, and has since been agnostically _ 
reported (Science 223, 2178; 1984). (A _ 
representative of Nature was invited but _ 
could not attend, perhaps, in the circum- _ 
stances, fortunately.) One result of these 
developments is that criticisms of some 
aspects of the group of papers now publish- e 
ed are already flowing in. o 
Developments such as these constitute a : 
kind of nonsense. In the normal course of __ 
events, it is entirely proper and indeed 
essential that people should talk about 
their discoveries at conferences, and give 
their colleagues advance notice of what 
they plan to publish, while the occasional 
publication of the details of some new. 
discovery in the general press does not spell 
the end of the world. But the concatenation _ 
of all these events can create serious doubts 
in people’s minds about the prop era 
tion of novel ideas to thep 
The second issue. rai 
groups of articles now published i 
teresting because it draws attention to 
difference of what may be called style ; 
appears to distinguish astrophysicist: 
from, say, biologists. The models now pro- 
posed for periodic extinctions are lent- 
credibility only because Raup and. 








so poor that it is not possible to tell when 
individual species became extinct. It is 
necessary instead to work with taxonomic 
families, but even then it is possible to place 
their extinction only somewhere within 
the confines of a stratigraphical stage, of 
which 39, with different durations, are 
placed by international convention within 
the past 250 million years. 

One obvious statistical pitfall is that the 
conventionally accepted pattern of 
stratigraphical stages might itself conceal a 
periodicity. Raup and Sepkoski break new 
ground in the analysis of data-sets thought 
to harbour periodicity by their use of 
computer-based tests of the reality of their 
inferred period of 26 million years. The 
authors themselves acknowledge that the 
conclusion that species extinction is a 
periodic phenomenon will be jeopardized 
if the stratigraphical time scale proves to be 
incorrect (Hallam, op. cit.). 

So why have Raup and Sepkoski prevail- 
ed when others advocating periodic extinc- 
tions have done less well? Obviously it has 
helped that their statistical analysis has 
been done in a way that shows them to be 
fully aware of the pitfalls. But itis proper to 
acknowledge that the intellectual climate 
has changed in favour of catastrophism, 
especially now that Luiz and Walter 
Alvarez appear to have proved their 
original case that the massive extinction at 
the end of the Cretaceous period was caus- 
ed by the impact of some extraterrestrial 
object (see Science 223, 1174-1186; 1983). 
Indeed, Raup and Sepkoski themselves say 
at the end of their article that a biological 
explanation of their periodicity “seems in- 
credible” and that they favour “‘extrater- 
restrial causes’’. 

Extraterrestrial explanations they have 
now stimulated in abundance, partly 
because preprints of their article appear to 
have been freely circulated in advance of 
publication. What seems now to have hap- 
pened is that the statement by two careful 
investigators that extraterrestrial 
phenomena may be responsible for mass 
species extinctions has been taken by the 
astrophysicists as a signal to put forward 
models to account for what may have oc- 
curred, 

Two important issues arise from this, the 
first of them concerned with the process of 
professional communication and, in par- 
ticular, with the great confusion that may. contrasting models seem to be equ 

be caused by the- idespread circulation of | plausible must, for the time being 
in 1 sually intended | counted an unlucky accident. | 
es elsewhere (and | : Je 


Does the periodic extinction of species on 
the surface of the Earth arise because the 
‘Sun has a previously unknown dwarf 
‘companion which disturbs the Solar 
‘System's cometary cloud, or because the 
-Solar System as a whole oscillates above 
-and below the plane of the Galaxy? And, in 
-any case, how solid is the assertion that 
-- during the past 250 million years, there has 
been a statistical regularity in the timing 
of the disappearance of large numbers of 
<- species from the surface of the Earth? 
:> These questions are certain to be 
provoked by the group of five articles 
_ appearing on pages 709 to 720 of this issue. 
%. Professor Anthony Hallam on page 686 
gives some of the reasons why open- 
“mindedness on the last question is still 
appropriate. Readers who are perplexed by 
the stark contradiction between the two 
explanations now advanced should not, 
= “however, blame the authors of the two 
= hypotheses but, rather, the conventions, 
acceptable and otherwise, which regulate, 
and sometimes fail to regulate, such devel- 
opments. 

.> One obvious difficulty is that all five of 
-the articles now published refer in one way 
or another to an article by David M. Raup 
and J. John Sepkoski, of the University 
‘of Chicago, which appeared only in the 
February issue of the Proceedings of the 
~- National Academy of Sciences (81, 

801-805; 1984). That publication is itself 

jhe culmination of a long process — a 
detailed compilation by Sepkoski 
(Milwaukee Contr. Biol. Geol. 51, 125; 
1982) of what is known about the dates of 
the extinction of species on the surface of 
the Earth, partial consideration by one or 
other of the authors of the significance of 
‘this mass of data and eventually their 
; conviction that there is probably a 
; periodicity of 26 million years in the 
-occurrence of extinctions. This conclusion 
seems to have been formed in their minds 
cby May last year, when one of the authors 
described the result at one of the Dahlem 
-conferences in Berlin. The article in which 
the conclusion is embodied was submitted 
yr publication the following October, and 
s now appeared in print. 

There is nothing remarkable about this 
sequence of events. Raup and Sepkoski are 
not the first to have suggested that there 
may be a periodicity in the pattern of 
species extinction, and have been properly 
autious in putting forward their new 
ter pretation of the aata; The e is 
iffic ; f dis 




























































































































































































that cries out for an explanation. Reflec- 
tion will show that astrophysicists often 
have no other way in which to make pr 
gress. The fact that, on this occasion, two 















from A. Hallam 


THE traditional darwinian view has it that 
organisms evolve and become extinct 


nd 5 


rimarily as a result of competitive inter- 
actions, with changes in the physical 
environment being of subordinate impor- 
ance. It has, however, become in- 
‘creasingly apparent in the last few years 
that organic turnover through time is 
characterized by long periods of relative 
‘stability punctuated by geologically brief 


episodes of mass extinction, during which a 


Lo significant proportion of the Earth’s biota 


4s killed off, Evolution is seen to have hada 


__ substantial opportunistic component, with 


survivors radiating into the ecological 
_ niches vacated by extinction. What caused 
_. the mass extinction events remains a con- 
 tentious issue of enduring fascination, as 
__ witnessed by a clutch of papers in this issue 


a of Nature, inspired by the recently pub- 
_ lished claim of Raup and Sepkoski (Proc. 
natn. Acad. Sci. U.S.A. 81, 801; 1984) to 


have detected a 26-million-year periodicity 
in the mass extinctions. 


Palaeontologists have generally looked 


__. for an interpretation of mass extinctions in 
terms of changing geography or climate. 


Although as long ago as 1950 Schindewolf 


: : “suggested that the spectacular end- 
Palaeozoic extinction event was caused by. 


an increase in cosmic radiation and a 
number of other extraterrestrial hypo- 


theses were put forward in the following 


years, in the absence of any supporting 


-> evidence none was taken very seriously. 


The situation changed radically in 1980 


a when Alvarez et al. (Science 208, 1095) 
_ reported an abnormal enrichment in 


iridium and other noble metals in clay 
-fayers at the Cretaceous-—Tertiary 
- boundary, and interpreted it as a by- 
product of an asteroid impact which 
caused an expulsion of terrestrial dust on 
. such a scale that sunlight was blotted out 
for several weeks, causing the simulta- 
“neous extinction of plankton and dino- 
~ saurs and many other groups. The Alvarez 
_ paper generated great excitement and has 
already provoked a huge literature. 

The matter has been taken a stage further 
‘by Raup and Sepkoski. Using Sepkoski’s 
compilation of the temporal ranges of 

narine vertebrate, invertebrate and 
rotozoan families and a combination of 
‘ourier analysis and Monte Carlo simu- 
ion, they claim to have detected a statis- 
ically highly significant 26-Myr cyclicity in 
mass extinction events since the late 
Permian ( ~ 250 Myr). Though they do not 
mmit themselves to any particular inter- 





rint of their 
d astronomers to 


mers have responded with alacrity and 
devote five papers in this issue to the subject. 

Davis et al. (Nature 308, 715; 1984) and 
Whitmire and Jackson (Nature 308, 713 
1984) have independently put forward a 
model that postulates the existence of an 
unseen companion star to the Sun, 
occupying a highly eccentric orbit. When 
near the perihelion it is brought into the 
dense inner region of a comet cloud and by 
perturbing the cometary orbits initiates an 
intense comet shower, leading to a series of 
terrestrial impacts lasting up to a million 
years. Schwartz and James (Nature 308, 
712; 1984) and Rampino and Stothers 
(Nature 308, 709; 1984) instead propose 
galactic models. The former authors 


speculate that long-term changes in cosmic 


radiation flux due to the Sun’s oscillation 
about the galactic plane have provoked 
sufficient alterations of the biosphere to 
cause mass extinctions. Rampino and 
Stothers’ reanalysis of Raup and 
Sepkoski’s data leads them to suggest an 
extinction cyclicity of ~ 30 Myr, which 
correlates strongly with a galactic cycle. 
Extinctions might have been caused when 
the Earth passed through interstellar gas or 
dust clouds, or intercepted a cometary 
shower. Alvarez and Muller (Nature 308, 
718; 1984) have subjected the records of 
large impact craters to time-series analysis 
and conclude that most occur on a 
28.4-Myr cycle. Because only 13 craters 
met their rigorous criteria, however, their 
conclusion must be viewed with caution. 
In assessing the value of these speculative 


papers it is clearly necessary first to — 


scrutinize the Raup and Sepkoski analysis 
on which they are based. The accuracy of 
the geological time scale used is obviously 
crucial if a convincing regular cyclicity is to 
be demonstrated. Of two recently pub- 
lished time scales, the Harland and the 
Odin, Raup and Sepkoski prefer the 
former without giving any reason beyond 
the fact that it is extremely similar to the 
Geological Society of America time scale. 
That is unsurprising since the compilers of 
both time scales uncritically used the same 
data (of Armstrong). As Raup and 
Sepkoski acknowledge, there are impor- 
tant differences between the Harland and 
Odin time scales, with only moderate 
correlation (r = 0.48), and there are 
further differences between these and a 
new Geological Society of London time 
scale to be published shortly. The problem 


is that before the mid-Cretaceous, the — 


accuracy of Mesozoic dating is generally 
rather poor, with an error in the determina- 
tion of stage boundaries of 5 Myr or more. 


The 26-Myr cyclicity can only be valid if, _ 


despite the difficulties referred to above, the | 


time 


Harland 


scale is the most accurate 





he 


Myr, only 2 Myr earlier than the Harland 
date for the end of the Norian. But th 

Harland time scale assumes equal time spar 

of 6 Myr for the Norian and succeeding. 
Triassic stage, the Rhaetian. This cannot be 
accurate, because the Norian has seven 
ammonite zones and the Rhaetian only one 
Many authorities therefore believe the . 
Rhaetian should be relegated to a substage . 
of the Norian or abandoned altogether. . 





Thus the late Norian extinction probably 
took place only 1-2 Myr before the end of 


the Triassic, dated as 213 Myr by Harland, 
205 Myr by Odin and the Geological Society 
of London and 208 Myr by Armstrong (in 
the Odin volume), who has revised his older 
estimate as used by Harland. 

Of twelve extinction events recognized 
by Raup and Sepkoski, the mid-Miocene 
and Olenekian ones are admitted to be 
dubious and should be eliminated from a 


rigorous analysis. The Bajocian, Callovian 
and Hauterivian events are minor and 


deviate by 6-8 Myr from the predicted _ 
cyclicity. Since the most precisely dat i 
event, the end-Cretaceous, is used as the 
reference, this leaves only five events — the 


late Permian, Pliensbachian, Tithonian, - — 
Cenomanian and late Eocene — wherethe 


disparity with the Harland time scale is no 
more than ! Myr. Bearing in mind the 
inaccuracy of stage-boundary dating (in 
the Odin time scale the end of the Titho- 
nian is dated as 14 Myr younger than in the 


Harland time scale), the evidence hardly- 2S 
seems to warrant Raup and Sepkoski’s = 


bold conclusion that ‘‘It seems inescapable 
that the post-late Permian extinction 
record contains a 26-Myr periodicity”. 
Whereas the only evidence for an extra- 
terrestrial cause of mass extinctions is the 
iridium anomaly at the Cretaceous- 
Tertiary boundary — and even that, 
remains controversial — there is a wealt 
of evidence relating mass extinctions to” 
events.on Earth. As discussed at some 
length in my forthcoming article (A. Rey. -= 
Earth planet. Sci. 12, 205; 1984), the most. - 
obvious relationship is with sea-level 
changes, which have exhibited a cyclicity 
on more than one scale throughout the 


Phanerozoic. In several papers in the > 
1960s, Newell proposed that mass extinc- _ ie 
tions of marine groups took place asa 
result of the drastic reduction in area and 


quality of habitat when extensive epicon- 
tinental seas regressed because of a fall in 
the sea level. This seems to me to point the 
way to the best general explanation, but the 
truth is clearly more complicated. In some-~ 
cases, as in the end-Pliensbachian and end- 
Cenomanian events recorded by Raup an 
Sepkoski, and also quite possibly in. 
end-Triassic, late Devonian and € 
Ordovician events, it might have b 


- anoxia (as recorded by the extensive bl 


shales deposited during the 
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is noteworthy that the Cenomanian, 
Pliensbachian and Devonian events were 
not preceeded by significant falls in sea 
level. In other instances a change in climate 
~ isimplicated. Thus, although the fall in sea 

y evel at the end of the Permian, Triassic, 
retaceous and Eocene would have 
-extended the habitat area of large terres- 

trial vertebrates, they suffered mass 
extinctions perhaps because of an 
increased continentality of the terrestrial 
- climate, with greater seasonal temperature 
_ extremes. There is good evidence that 
< global air and seawater temperatures were 
< falling well before the end of the 
_. Cretaceous and Eocene, and the fall in sea 
-~ > level at the end of the latter period may well 
have been linked with the initiation of the 
_ Antarctic ice cap. 

Many problems and uncertainties 
remain, and there is much to be learned 
about the response of particular groups of 
organisms and wholeecosystemsto changes 
in the physical environment; the plankton 
extinctions at the end of the Cretaceous are 
still an enigma. The point is that these 
problems are readily amenable to analysis, 

$. ideally by teams of palaeontologists work- 
ing in conjunction with stratigraphers, 
sedimentologists and geochemists. Before 
astronomers indulge in further specu- 
lations about the cause of mass extinctions 
they would do well to learn something 
about the rich stratigraphical record of 
their own planet. E] 
maneat nhe vaai E s 










A. Hallam is Lapworth Professor of Geology at 
the University of Birmingham, PO Box 363, 
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oe Legionella pneumophilia — the bacterium 
_ that causes Legionnaires’ disease. Phagocytosis of the bacteria by monocytes and by other 
phagocytic cells involves a novel process whereby cell pseudopods encoil individual 
_ bacteria, most of which contain a translucent fat vacuole. A section along the axis of a coil 
(inset) shows how a bacterium is trapped between cell projections. ha 
pneumophilia bacteria multiply within the cells, 


NEWS AND VIEWS - 
Gene regulation 


Latterday lessons of lambda 


and lac 


Jrom Geoffrey North 


WHEN it comes to understanding the 
recognition by proteins of specific DNA se- 
quences and the control of gene expression, 
molecular biologists can still learn a lot 
from those classical prokaryotic systems, 
bacteriophage A and the Jac operon. So 
much was clear at the end of a recent 
meeting* which demonstrated that mole- 
cular geneticists should not be too hasty in 
ascribing novel mechanisms to eukaryotic 
regulatory sequences, such as ‘en- 
chancers’, which at first sight appear quite 
distinct from anything seen in prokaryotes. 
Furthermore, it was revealed that we are on 
the verge of the first high-resolution struc- 
ture of acomplex between a regulatory pro- 
tein. and DNA. 


DNA-protein recognition 

When the structures of the catabolite gene 
activator protein (CAP)! of Escherichia 
coli and the cI? and cro? repressors of 
bacteriophage A were solved by X-ray 
crystallography a few years ago, they im- 
mediately suggested models for how the 
proteins might bind to DNA and recognize 
specific sequences. In spite of a brief diver- 
sion in the case of CAP into binding to left- 
handed DNA! (shown to be incorrect on 














s. Once phagocytosed, L. 
From M.A. Horwitz Cell 36, 27 (1984). 
























































topological grounds), all three protein 
seemed to have arrived at a similar solutior 
to the problem of recognizing particular 
linear arrangements of base pairs tucked 
away on the inside of a fairly uniform DNA 
helix. Each protein contains a pair of aw 
helices, one of which fits neatly into the 
major groove of an essentially B-form : 
helix, where contacts are made between ex- : 
posed functional groups on the bases and 
amino acid side chains'*. And as M. 
Ptashne (Harvard University) reported in 
Cologne, simply by swapping the a-helices | 
of the cI and cro repressors of the lamboid — 
bacteriophage 434 that were predicted to fit 
into the major groove, it has now been con- 
firmed that they confer the sequence 
specificity of DNA binding. : 
The models make detailed predictions 
about the importance of particular amino T 
acid-base pair interactions, and several a 
speakers reported how these predictions 
are borne out by recent experiments. One 7 
approach has been to use specifically 
altered binding sites on the DNA to select 
for mutant regulatory proteins with altered 
sequence specificity. P. Cossart (Institut 
Pasteur) described how two symmetrically 
related single-base changes in the CAP site _ 
of the lac operon both selected for altera- 
tions to residue Glu 181 of CAP. This is. 
consistent with the accepted model for 
dimeric CAP binding to a site of approx- 
imate inverted sequence symmetry, and fits 
precisely with models of sequence recogni- 
tion by CAP (Cossart and T. Steitz, Yale- 
University). ae 

The important conclusion drawn by R: 
Sauer (MIT) on the basis of an analysis of 
mutations that increase or decrease the af- 
finity of repressor proteins for their bin- 
ding sites (and also some that actually alter. 
the specificity of binding in a defined 
fashion’) is that the presence or absence of | 
a single interaction between a base and an 
amino acid can alter the affinity of protein 
binding by three orders of magnitude. This 
explains how the specificity for binding of 
the appropriate repressor to the Galand lac 
operons is conferred by a single-base-pair 
difference (B. Miiller-Hill, University of- 
Cologne). 

This detailed picture of how prokaryotic 
gene-regulatory proteins recognize DNA 
of specific sequence should be completed in. 
the near future by the X-ray crystallo- 
graphic determination of the structure of 
protein-DNA complexes. S. Harrison 
(Harvard University) reported that al- 
though the diffraction pattern obtained fo 



















































































*The Cologne 1984 spring meeting on molecular bi ogy 
was held at the University of Cologne, 7-9 March 1984, 


















phage 434 and a 14-b 
-operator has not yet been converted into a 
molecular structure, it is already clear that 
“the DNA does not deviate noticeably from 
the B-form®. 


Positive control 

~ When the A cl repressor binds to its specific 
recognition sequences — the tripartite left 
and right operators of the A genome — it 
not only turns some genes off but also turns 
others on’. In doing so cl opposes the ac- 
tions of the cro repressor in a way that 
mediates the switch between lytic and 
lysogenic growth states of the 
~ bacteriophage. The proximity of the bin- 
` ding sites for cl to the promoters that it 
“ activates suggests that it interacts directly 





_ with RNA polymerase. The suggestion is 
borne out by the existance of mutant cl 
_. proteins, no longer capable of positive con- 
~ trol, whose amino acid alterations are 
jocalized on the surface of the protein just 
where contact with RNA polymerase 


would be expected® and by the fact that 


these cl mutations can be complemented by 


second-site alterations to RNA polymerase 
(Ptashne). 

CAP activates a number of operons, in- 
cluding /ac , when intracellular cyclic AMP 
levels are elevated in the absence of 
catabolite repression. The way CAP works 
is of particular interest because, like the 
enhancer sequences recently discovered in 
eukaryotic cells (see below), some CAP 
sites are spatially separate (up to 20 bp 
upstream) from the promoters they 
regulate. Although this raises the possibili- 
ty of control by some distant effect on the 
promoter, perhaps by distortion of the 
DNA helix, two results reported at the 
meeting favour a cl-like mechanism of 
direct interaction between CAP and RNA 
polymerase: first, the RNA polymerase 
< selected to complement defective cI pro- 
-= teinsalso interacts more strongly with CAP 

-at the /ac operon (Ptashne); second, single- 

“base-pair insertions and deletions between 
a CAP site and a promoter seem to disrupt 
the ability of CAP to activate the pro- 
moter, which is inconsistent with simple 
models of action-at-a-distance (M. 
Caruthers, University of Colorado). 

In the yeast Saccharomyces cerivisiae, a 
o number of genes have been found to be 
regulated by sequences with properties in- 
termediate between those of CAP sites and 
the enhancer sequences of multicellu- 
lar eukaryotes. Like enhancers, these 
‘upstream activation sites’ (UASs) seem 
able to influence a gene within a range of 
distances from its promoter’, though as yet 
they have not been shown to work when 
placed downstream of a gene, as enhancers 
can. 

So are UASs recognized by proteins that, 
as CAP seems to, interact directly with 
RNA polymerase? Preliminary results 
‘reported by Ptashne suggest they may be. 
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gen , a 


è genes 
duced by galactose, which stimulates the 
binding of the Gal4 gene product to the 
UAS, perhaps thereby creating an efficient 
entry site for RNA polymerase. When the 
UAS is experimentally moved close to the 
promoter of one of the genes, the gene 
becomes partially constitutively active, 
perhaps because the UAS has some activity 
on its own as an entry site if it is near 
enough to the promoter to minimize the 
chance that the RNA polymerase will drop 
off before initiating transcription. Another 
clue is that when binding sites for the 
bacterial repressor protein Lex A are in- 
serted between the UAS and a promoter, 
activation of the gene is prevented by Lex 
A, which is consistent with a model in 
which RNA polymerase enters at the UAS 
and ‘slides’ to the promoter. 


On to metazoans 

The fashionable ‘enhancers’ are eukaryotic 
examples of DNA sites that are distant 
from gene promoters and yet can influence 
their activity. Enhancers can work at 
distances of up to several kilobases from a 
gene, and even downstream of the tran- 
scription unit '®. These properties have led 
to a number of suggestions as to how en- 
hancers may work, but if, as intimated 
above, the mechanism is analogous to 
those postulated for CAP sites and UASs, 
then the simplest of these suggestions — 
that they are entry sites for RNA poly- 
merase — may turn out to have been the 
right one. 

There is, however, another important 
property of metazoan enhancers not 
applicable in bacteria or yeast: they are 
crucial to the peculiarly metazoan problem 
of cell-specific gene expression'':'?. The 
clearest examples of this are the enhancers 
located between the J and C exons of 
immunoglobulin heavy and x light-chain 
genes!" which confer on a gene to which 
they are linked the ability to be expressed in 
B lymphocytes — but not in any other cell 
type. And in Cologne, P. Gruss (EMBL, 
Heidelberg) reported that the recently dis- 
covered lymphotrophic papovavirus 
carries an enhancer active in lymphocytes 
of both the B and T lineages. 

Effort is now being concentrated on 
identifying the cellular factors presumed to 
interact with enhancers. As a first step, 
Gruss reported that co-transfected en- 
hancer sequences can be demonstrated to 
compete for some cellular component 


essential for their activity'®. And W. | 


Gilbert (Harvard University) mentioned a 
preliminary result, obtained with a 
potentially powerful new technique”, 
which might have provided the first 
glimpse of the factor in B cells that recog- 
nizes the immunoglobulin heavy-chain 
gene enhancer. The technique involves the 
direct sequencing, by the Maxam and 
Gilbert method, of regions of genomic 


+ 


t sequencing allow 


are normally in- | 









isoschizomer restriction enzymes — and 
thus, for the first time, makes it possible to 
explore the importance in gene regulation, 
of methylation of any specific DN 

sequence. At the same time, protein bound 
to DNA can be detected by its ability to 
protect specific bases from chemi al 
modification in vitro, The signs are that tł 

pattern of methylation protection at the 
immunoglobulin heavy-chain gene- 
enhancer is different in B cells from inacell _ 
type in which it is inactive — presumably — 


because of protein bound to the enhancer 


in B cells alone. 


Enhancers may not be the only > : 


sequences conferring tissue specificity on 
the promoters of genes in multicellular 
eukaryotes: R. Tjian (University of 
California, Berkeley) described the identi- 
fication of a protein (Sp1) which not only 


confers specificity upon the simian virus 40 2 a 
(SV40) early promoter by binding to the - a 


21-bp repeat sequences that constitute the 


SV40 early promoter itself’, but also binds ao 


to the promoter of a cellular gene, identi- 
fied by probing a monkey genome library 
with SV40 early-region DNA, and turns it 
on. So it looks as though SV40 uses a pro- 


moter representative of a class of cellular 


promoters — presumably ones active ina 
fairly wide range of cell types. 

Even when the proteins that regulate the 
expression of genes in multicellular eukary- 
otes have been identified and the way in 
which they work is understood, the 


question will remain as to how they come to 3 


be expressed in some cells and not others. 
Attention will then focus on what reguiates 
the expression of the regulators. In the case. 
of A the answer is that the regulatory pro- 
teins regulate their own expression; couldit = 
be that the recent suggestion that the cel- - 
lular myc gene regulates its own expres- 
sion?! is telling us that here again the 
lessons of lambda and Jac should not Q 
forgotten. 
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uclear structure — 





-from Neil Rowley 










an increase in angular momentum. 
Although this effect has frequently been 
observed for many rare-earth nuclei, only 
with the recent paper of Spreng etal. (Phys. 
Rey. Lett. 51, 1522; 1983) has backbending 
_ been established for a nucleus (4Pu) in the 









actinide region. 
-< Figure 1 schematically shows the 
moment of inertia _¥ of a ‘backbender’ asa 
_ function of its rotational frequency w 
(deduced from the- frequencies of the 
emitted y rays) with the numbers along the 
-curve indicating corresponding values of 
~ the nuclear spin / (in units of fi). A nucleus 
¿may have many states of a given spin but 
those which display this peculiar behaviour 
‘are the so-called ‘yrast’ states of the 
-= System, the states of highest spin for a given 
excitation energy which therefore display 
the most highly collective rotational 
__ behaviour. (The yrast states of Pu, up 
~ -to I=26, are populated by Coulomb 
~ excitation with a beam of energetic 8p 
dons). 
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bad. dst 
Fig. 1 Moment of inertia. 7 of a backbending 
nucleus as a function of rotational frequency w. 
<: The numbers along the curve indicate the spin 
fin units of 4f. The nucleus ‘backbends’ at the 
“crossing” frequency w,(typically about 1020 
"per second) 


Although a sudden increase in spin and a 
ge jump in the moment of inertia, 
ually to a value close to that of an equiv- 
alent rigid body, is associated with back- 
bending, many heavy nuclei display such 
increases in _* without the curve bending 
ck on itself but merely ‘upbending’. 
th types of behaviour have been ob- 
erved for rare-earth nuclei but only gentle 
ipbending had been seen in the actinides 
ntil the report of Spreng et al. Indeed, 
uclei of a very similar mass and charge 
or example *38U, *48Cm) show no sign of 
ckbending. Thus, although these heavy 
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Bending over backwards 


pr 

their internal dynamics. The most Striking | 
irregularity is ‘backbending’, where the © 
rotational frequency is seen to drop despite — 






‘ei contain a large number of nucleons, | possess sp 
ive behaviour is significantly j 


modified by the removal or addition ofa 
few neutrons or protons. It is this 


selectivity which makes the nucleus such an 


intriguing many-body system. 

In order to understand the above 
phenomena one must consider the various 
forces acting on a nucleon bound to a 
deformed rotating nucleus. Essentially, 
these are, first, the average force due to all 
the other particles (described by a de- 
formed potential); second, short-range 
‘residual’ interactions arising from close 
collisions between pairs of nucleons; and 
third, the inertial forces (centrifugal and 
Coriolis) stemming from the rotation. 

Without the other effects the deformed 
potential generates a set of energy levels 
which are filled by neutrons and protons up 
to some ‘Fermi energy’. In a heavy nucleus 
many of these levels correspond to states of 
high angular momentum, though for a 
nucleus with an even number of neutrons 
and protons the ground-state spin is invari- 
ably zero. This is a result of the attractive 
residual interactions which cause the nuc- 
leons with energies near the Fermi surface 
to couple into pairs which, classically 
speaking, move around the nucleus in the 
same orbits but in opposite directions, and 
always scatter into other unoccupied ‘time- 
reversed’ states (see Fig. 2a). This cor- 

relation reduces the total energy since the 
paired nucleons now experience their 
mutual attraction on every circuit. While 
the nuclear shape and average field rotate, 
the individual nucleons move around in the 
interior with velocities generally consider- 
ably higher than the collective velocities 
due to the rotation. The fact that many of 
the paired nucleons tend to move in the 
opposite direction to the overall rotation 
causes the nucleus to behave in a superfluid 


manner and this reduces _ “at low w, 


The nucleons, however, also experience 
a Coriolis interaction. This is frequently 
referred to as an apparent force since it des- 
cribes deviations in the motion of an ob ject 
when viewed from a rotating reference 
frame. 





| Neil Rowley is in the Theory and Computational 
as Fiona Division at the Science and Enginee 











pressure. These rotate with the Eart! 1 
since the air flows towards a moving | 
pressure area, a stable circulating w 
pattern may result. | 

Rotational nuclei are also non-spheric 
and the Coriolis force again affects t 
way the motion of individual nucle 
couples to the rotations. Ultimate 
inertial forces make the ‘aligned’ con 
uration, depicted classically in Fig. 
energetically more favourable and 
intrinsic configuration flips over at ¢ 
with a consequent increase in both 
spin and” . (The phenomenon is formz 
very similar to the breaking of elect: 
pairs in a superconductor by the appli 
cation of an external magnetic field.) 
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Fig. 2 Classical representation of the nuclear 
configuration below (a) and above (b) the 
crossing frequency. aoe 









In quantum-mechanical terms the nuc- 
lear state in the region of w, will be an ad- 
mixture of both these configurations. The 
admixture is essentially determined by how 
effective the Coriolis force is in deflecting — 
nucleons from orbits occupied in the paired | 
phase to those occupied in the unpaired n 
phase. Ironically, a spectacular backbend | 
is obtained if the Coriolis mixing is weak _ 
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` lymphocytes 


from Ron Schwartz 


‘THE fundamental problem confronting the 


immune system is to discriminate between 
‘the ‘self? molecules that constitute the 
organism and the ‘nonself’ molecules on 
foreign organisms, tissues or substances 
“that challenge it. One of the central dogmas 


of immunology is that the ability to 
_ discriminate between self and nonself is 
mainly acquired during the development of 
the lymphoid system and results in 


tolerance — the lack of responsiveness — 


to self molecules. Two major mechanisms 
for the induction of self tolerance have 
been suggested: clonal deletion (anergy), 
_ which postulates that clones of 
lymphocytes specific for self antigens are 







selectively destroyed or functionally 
-jnactivated by exposure to the antigens 


either in the absence of a second critical 


yy 





2 S differentiation signal or simply early in the 
cells’ development'; and an active 
-~ regulatory mechanism, in which negative 





feedback signals from other cells — the so- 


-= called suppressor T cells — in the immune 


system prevent self-recognizing clones 


— > from responding to self antigens’. 


For the antibody-producing B 
lymphocyte both mechanisms are probably 
operative to different degrees depending 
on the particular self-antigen being 
recognized? (although it has been argued 


by one group that tolerance induction does 


not occur at all at the level of the B 
lymphocyte‘). For the T lymphocyte, very 
little is known about the mechanism of 
tolerance induction although a number of 
recent studies, including two reported on 
pages 738 and 741 of this issue of Nature, 
have made some progress — if only to 


- refute a major prediction of the only clearly 


espoused theory of the induction of T-cell 
tolerance’. 

The Cohn-Epstein theory represents 
part of an extension to T lymphocytes of 


‘the. Bretcher-Cohn two-signal model for 


“B-lymphocyte activation and is based on 





-the widely held belief that, in order to be 
activated, a T cell must recognize both 


reign antigen and a gene product of the 
major histocompatibility complex (MHC) 
found on the surface of the antigen- 
presenting cell®. (This has been termed 








MHC restriction since the activation of any _ 
-T cell by an antigen-presenting cell is 
_ restricted to cells that share a given allelic 
form of the MHC-encoded molecule.) In 
- the Cohn-Epstein model, each T cell has 


two combining sites, one specific for 
antigen, the other for the MHC-encoded 








Induction of tolerance to self in 





of tolerance is explained by an encounter 


between a self antigen and a T cell in the - 


absence of MHC-encoded molecules early 
in development. A clear prediction of the 
Cohn-Epstein model is that tolerance 
induction should not be MHC-restricted, 
that is, an animal should not respond to a 
self antigen no matter what allelic form of 
the MHC-encoded molecule is expressed 
on the antigen-presenting cell. This 
prediction has now been tested in a number 
of ways and shown to be false. 

The initial observations were made 
with T-cell clones and lines specific for a 
given antigen and the first example was 
published by Dos Reis and Shevach’. They 
isolated from strain 13 guinea pigs 
proliferative (presumably helper) T cells 
specific for beef insulin in association with 
a foreign (strain 2) MHC-encoded 
molecule — a class II histocompatibility 
antigen. This was done by first depleting 
the T-cell population of a strain 13 guinea 
pig of cells specific for strain 2 lymphoid 
cells alone and then stimulating the 
remaining strain 13 T cells with a mixture 
of strain 2 antigen-presenting cells and 
beef insulin. That generated T cells with a 
specificity for insulin and the allogeneic 
strain 2 class II molecules. Most 
importantly, Dos Reis and Shevach went 
on to show that the antigenic site on the 
insulin molecule recognized by such T 
cells was localized to the B chain, between 
residues 5 and 16. Much to their surprise, 
since strain 13 animals do not respond 
when immunized with guinea pig insulin, 
the same determinant was found on 
guinea pig insulin, implying that the 
animals were tolerant to guinea pig insulin 
only in association with their own class II 
molecules. This suggested that the induc- 
tion of tolerance was MHC-restricted. 

These findings have now been extended 
to mouse cytotoxic T lymphocytes and 
class I antigens of the murine MHC (H-2) 
by Rammensee and Bevan’. Using a 
protocol similar to that of Dos Reis and 
Shevach, they depleted a spleen-cell 
preparation from BALB mice, which are 
H-24, of cells specific for H-2* molecules 
(using cells from B10.BR mice) and then 
developed cytotoxic T-cell lines specific 
for a minor surface antigen of their own in 


association with H-2* molecules. Such 


lines, isolated on two separate occasions, 
were shown to be specific for the 
combination of BALB minor and H-2*. 
Therefore, since BALB mice never make 
a cytotoxic response against themselves 


(BALB minor plus H-2°), they must be | 
tolerant to BALB minor only in the |. 


context of their own class I molecules 









possibility that somatic mutation has- 
occurred in the structural genes encoding 
the T-cell receptor during the cell-cloni 
process. This objection is not applicable, 
however, to a series of elegant in vivo 
experiments, involving radiation-induced 
bone-marrow chimaeras, carried out | 
Groves and Singer’. a. 
They created chimaeras by recon- 
stituting the bone marrow of irradiated. 
mice that were the first-generation 


offspring of crosses between B10 (H-2?) n 
and B10.BR (H-2*) animals with marrow - _ 


from C3H.SW (H-2°) mice. Although the 
donor is H-2°, when its cells develop in the 
B10 B10.BR mice their restriction 
specificity is expanded so that they can 
also recognize foreign antigens in 
association with H-2* molecules. The 
question which Groves and Singer asked . 
was whether the chimaeric T cells would 


recognize C3H minor antigens, which are ae 
expressed on the donor but not the 


recipient cells, in association with H-2*. 


They should not if the induction of p 


tolerance is unrestricted. But they did. In 


quantitative terms, the cytotoxicity. _ 
against C3H minor antigens seemed less 
generated by normal 
(B10 x B10.BR)F, mice. Nonetheless, eee 


than that 
was clear that at least a portion of the T- 
cell repertoire specific for C3H minor 
antigens was tolerized in a MHC- 
restricted manner. 

That conclusion is now confirmed by 
Matzinger ef al., using another in vivo 
model, thymus-grafted chimaeric mice. 
(B10 x B10.D2)F, mice were thymec- 
tomized, lethally irradiated, reconstituted 
with F, bone marrow and then grafted 
with a thymus bearing BALB minor 
antigens and H-2> molecules. Matzinger _ 
et al. found that cytotoxic T cells from th 
animals were tolerant to BALB minot, 
antigens in association with H-2% 






molecules but not to BALB minor i 


antigens in association with H-2°, again _ 
demonstrating MHC restriction of the- 
induction of T-cell tolerance. poy 

Finally, Lowy etal. '' have been ledtothe _ 
same conclusion using a completely 
different in vivo model in which normal _ 


adult mice are made unresponsive to the. 


hapten azobenzene arsonate (ABA) by © 
injecting them intravenously with ABA- _ 
coupled syngeneic spleen cells. (This 
manoeuvre prevents the induction of a 
delayed-type hypersensitivity response 
when these animals are subsequent. 

immunized subcutaneously with the ABA: 
coupled cells.) An analysis of the | 
nonresponsive state revealed two. 
components, one of which could 
eliminated by pretreatment of the anim 





























te latter type, the ABA-coupled spleen 

cells were required to share certain class I] 

molecules with the recipient — that is, the 

induction event was MHC-restricted. 

Thus, even in a non-ontogenic model, for 

least one limb of the tolerance-inducing 

process, the cells involved must recognize 
antigen in association with MHC-encoded 
gene products. 

This suggests that the distinction of self 

__ from nonself is not mediated by any event 

: in ontogony involving the expression or 

recognition of only a part of the T-cell 

receptor, for example only one of its two 
=>- polypeptide chains'?. If the two-chain 
molecule forms a single combining site, 

_~ -similar to that of heavy and light chains for 
immunoglobulin, one can postulate that 

_ the ability to distinguish between self and 
- nonself might in some cases result solely 
< from the interactions between the antigen 
and the histocompatibility molecule. A 
recent example which seems to fulfill this 
prediction is the T-cell proliferative 
response to pigeon cytochrome c in the 
B10.A mouse!3.!4, 

k Structural studies using synthetic 

Peptide analogues have suggested that a 

lysine at position 99 of cytochrome c is a 

contact residue for the T-cell receptor 

whereas a C-terminal lysine at position 103 

or 104 is important for interaction with the 

class II histocompatibility molecule. 
A comparison of pigeon and mouse 
cytochrome c sequences reveals that both 
possess a lysine at 99 but that whereas the 
pigeon has Ala 103, Lys 104, the mouse has 
 --Asn 103, Glu 104. Thus mouse cytochrome 
=- € fails to stimulate T-cell clones from 
B10.A mice specific for pigeon cytochrome 
csolely on the basis of sequence differences 
that affect its interaction with the class II 
molecule. T-cell clones specific for mouse 
cytochrome c in association with B10.A 

~ class IJ molecules are presumably dele- 
aed or suppressed by the self-tolerance 
_ Mechanism. 

“Overall, these experiments involving in 
vitro and in vivo experimental models of 
helper, cytotoxic and delayed-type hyper- 
sensitivity T-cell function have led to one 
and the same conclusion: that the 
induction of T-cell tolerance is MHC- 

restricted. This directly refutes a major 
prediction of the Cohn-Epstein model of 

T-cell activation and suggests that 
eager ee ea 
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NEWS AND VIEWS - 


independent recognition of antigen 
without histocompatibility molecules does 
not occur even during ontogeny. These 
results do not, however, eliminate the 
application to T cells of the Bretcher~Cohn 
two-signal model of descrimination 
between self and nonself. Thus it is 
possible that engagement of the T-cell 
receptor by both antigen and histo- 
compatibility molecule delivers signal one 
which, by itself, induces tolerance, but if 








AVIAN eggs are laid blunt end first. For 
many years it was taken for granted that 
birds form eggs that way, perhaps first 
creating soft spheroids and then gradually 
deforming them into ovoids by the peri- 
staltic movement of their uterine muscles. 
Although several physiologists, starting 
with Fabricius of Padua in the 17th cen- 
tury, realized that the egg rotates in utero, 
thereby confuting the peristaltic theory, 
confusion abounded until J.R.G. Brad- 
field, in the Department of Zoology at 
Cambridge, asked J.A.F. Fozzard, an ex- 
perienced radiographer at the School of 
Anatomy, to X-ray hens at successive 
stages of their incubation cycle. In April 
1946, Fozzard photographed a Rhode 
Island Leghorn with a Coolidge X-ray 
tube at 60 kV placed 1 m away and 
obtained the radiograms shown here with 
exposures of 0.05 s. 

The faint outline of an egg in production 
becomes discernable about a quarter of 
the way through the 26-hour cycle of 
production and by half way though the 
cycle it is unmistakably oval. Until 23.5 
hours (above left) the sharp end points 
towards the cloaca but by 25.5 hours 
(above right) rotation of the egg has 
directed the blunt end towards the cloacal 
exit, In between, the brooding hen rises to 
her feet to enable the egg to rotate and 
drop to a deeper position. 

So the ingenious explanation offered for 
the egg’s form by D’Arcy Thompson in 
his famous work On Growth and Form — 
that muscular contractions propelling an 
egg down the oviduct account for its 
shape — was radiographically refuted. 

_ Why should birds. behave in this extra- 


































































nnn 
Taken from Beyond Vision, 
opened at the Science Museum, London anda 
book of the same title just published by Oxford - 
University Press. Reproduced by kind permission . 
of J.A. Fairfax Fozzard. Bekele 





coupled with a second signal (for exat pl 
interleukin 1), transduced through 
separate receptor on the T-cell membran 
induces activation. Such models ar 
currently being tested in severa 
laboratories using anti-receptor antibodi 
and T-cell clones! 16. 
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ordinary fashion? Obviously there must be : 
some natural advantage to the blunt-laid. 
egg, and in an article in the British Medical : 
Journal, ist vol, p.585 (1948), entitled “Deo 
formatioine ovi et pulli” in imitation of 
Fabricius and William Croone, H.A. Har- 
ris advanced one theory. The peristaltic 
uterine contractions of a hen are surpris- 
ingly forceful, he argued, and the blunt- 
end-foremost arrangement is favoured to. 
avoid rupture of either egg or uterus. 
However, Bradfield found the alleged 
peristalsis to be without foundation (J. exp. 
Biol. 28, 125, 1951). Instead, the shell 
gland holding the egg is extruded through 
the cloaca where the egg is deposited 
before the gland retracts. Is there some 
other reason why hen eggs are ovoid? If 
the ovoid form has such exceptional ten- 
sile strength, why are some birds’ eggs 
spherical? Are all birds equipped with an 
internal rotation system to guarantee 
their eggs a blunt exit? And why is the egg 
not formed the ‘right’ way round in the 
first place? $ 
In the decades since Bradfield’s study, 
various papers have referred to his analy- 
sis of the rate of calcium deposition in egg- 
shell formation, but none has accounted 
satisfactorily for the purpose and 
mechanism of rotation. Could this long- 
standing problem be met with a seasonal 
solution from an Easter reader of the last 
of this series of historic scientific. 
photographs? Jon Darius. 


an exhibition just 
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THE growth of interest in Solar System ices 
thas been generated, in part, by visually 
‘spectacular data from the Voyager en- 
‘counters with the rings and satellites of 
“Jupiter and Saturn. At the same time, sub- 
‘stantial advances have been made with 
‘threoretical modelling and observational 
_- measurements of dirty ices, long thought to 
be the primary constituents of cometary 
nuclei, and there is intensive laboratory 
study of the physical properties of ice. 
> "These and other topics were the subject ofa 
meeting recently held in Nice*. 
Water ice is thought to be prevalent in 
certain satellites of Jupiter and Saturn as 
well as in comets. E. Whalley (National 
Research Council, Ottawa) reviewed those 
“properties of water ice (or the ‘funda- 
mentals of planetary glaciology’ as he 
_ preferred to call it) that are pertinent to the 
study of large icy bodies. The phase dia- 
gram of water over temperatures between 0 
and -120°C and pressures up to 25 kbar 
shows nine different polymorphs of ice 
(called ice Iņ, ice II, ice HI and so on), some 
_.. of which are ordered structures, others dis- 
< ordered. A novel ordering transformation 
> identified in ice I, at low temperatures 
— could possibly occur in an icy Solar System 
body, catalysed by such substances as am- 
monia. If so, since the transformation 
liberates heat, it would have a number of 
implications for the physical states of 
planetary bodies. 

The water ice deep in the interiors of the 
satellites of Jupiter and Saturn may be the 
high-pressure forms, ice VI and VIL J. 
Poirier (Institut de Physique du Globe de 
Paris) described the use of a sapphire-anvil 
squeezer cell to study the laboratory 
deformation of these forms. By measuring 

+ the displacement of markers within the ice 
= crystals it was possible to compute the 
creep rates of ice as a function of shear 
stress, temperature and pressure, pre- 
-liminary measurements of ice VII show it to 
be extremely hard. Experimental defor- 
mation of ice 1, demonstrates that it can ex- 
bit both brittle and ductile behaviour (S. 
rby, US Geological Survey, Menlo Park; 
W. Durham and H. Heard, Lawrence 
ivermore National Laboratory). Its brit- 
e character is similar to that of rocks; 
jeasurements of ductile strengths, how- 
ever, indicate that the ice I, layer on icy 
Solar System bodies is much weaker than 
generally thought. 

~ Of relevance to studies of ice accumu- 
Jation was the report by E. Mayer and R. 
Netzer: (Universitat Innsbruck, Austria) 
hat the properties of amorphous ice are 


dent upon the method of pro- 













































jon. In-one of their methods, water 
em’, a NATO-sponsored Advanced | 


he Solar System 












vapour is leaked through a nozzle into a 
high-vacuum chamber and deposited as 
amorphous ice on a cryoplate. The ice, 
formed in supersonic flow conditions, is 
found to have a very rough surface, upon 
warming it shows a number of exothermic 
peaks. In their alternative method, the 
water flow is broken up by the introduction 
of a baffle, whereupon a glass-like ice with 
avery small surface area is formed. This ice 
produces only one exothermic peak when 
warmed. The interesting question that re- 
mains is what form of ice might be pro- 
duced when a solid target travels at high 
velocity through water vapour, the pro- 
bable situation in certain Solar System en- 
vironments. 

M. Nicol and co-workers (University of 
California, Los Angeles) have investigated 
ice formation in an ammonia~—water system 
at low ammonia concentrations (0-30 per 
cent) and high pressures (up to 40 kbar), us- 
ing a diamond-anvil squeezer cell. Micro- 
scopy showed that whereas the NH,.2H,0 
phase is characterized by strong ani- 
sotropy, smaller refractive index than ice 
VII and the tendency to form cracks, the 
NH;.H,O phase, which forms at higher 
pressures, has a refractive index close to 
that of ice VII and does not form cracks. 
The outcome of the work has been the pro- 
duction of a preliminary phase diagram for 
the ammonia-water system. The impor- 
tance of this system was outlined by S. 
Miller (University of California, San 
Diego) who believes that hydrates of am- 
monia are likely to occur on Uranus and 
Neptune as well as on the satellites of 
Jupiter and Saturn. 

Accompanying the ammonia hydrates 
on icy Solar System bodies might be 
methane hydrate, a substance known to 
occur on Earth in certain deep-sea sedi- 
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100 years ago 
Amonc the superabundant “Universities” of 
the United States Harvard is unquestionably 
taking its place as a national institution on a par 
with British establishments which hold a similar 
designation. The last quarterly Bulletin of its 
proceedings is before us, which has to 
acknowledge during that short time nine legacies 
or donations in money, varying from 200 to 
100,000 dollars, and amounting to 168,000 
dollars. One of these is 10,000 dollars subscribed 
for the purchase of meteorites, and another is 
4000 dollars from the Massachusetts Society for 
Promoting Agriculture, to assist in the estab- 



















institution 


rr i 


also a collection of pathological 


els is presented. 


air hydrates found in the terrestrial 


like marks found on the surface of an. 


lishment of a veterinary hospital, to which |. 


s. Furthermore, by analogy with the _ 













Antarctic ice cap, it is thought that CO, ~ 
hydrates should be present in the polar . 
regions of Mars (and may also exist in- 
comets). Clathrate hydrates are thi 
thought to be important and widespread - 
constitutents of Solar System ices and now. 
appear in theoretical models of the physical 
and chemical states of the saturnian satel 
lite Titan and the neptunian satellite Triton - 
(J. Lunine, Caltech). T. Owen (Stony — 
Brook, State University of New York) | 
demonstrated that the atmospheres of icy 
bodies are composed of gases which 
probably result from the dissociation of | 
clathrates. Unfortunately clathrate hy- 
drates have observational characteristics 
which are indistinguishable from water ice 
and so, without an actual excursion to one 
of the icy Solar System bodies, it will not be 
possible to verify their existence anywhere 
other than on Earth. a 

An important constituent of bodies such = 
as Pluto, Titan and Triton is methane ice. 
Indeed, on Triton there is evidence of — 
islands of solid methane floating on.a sea of 
liquid nitrogen (D. Cruikshank, University 
of Hawaii). By way of complimenting the 
observational work, N. Trappeniers (Uni- 
versity of Amsterdam) reported that 
pressures of up to 60 kbar, attained in a pee 
diamond-anvil cell, produce evidence of a 
new phase of methane (phase IV). 

All told, the meeting demonstrated that 
definite progress is being made towards the 
ultimate goal — a full understanding of the 
evolution of ices in the Solar System and 
the construction of consistent models 
which relate the nature and characteristics 
of the ices to the materials from which they 
are formed. It was easy to sense the 
impatient expectation of many participants 
for the unique measurements that should 
come from fly-by missions to Halley’s 
comet when it makes its closest approachto. _ 
Earth in 1985-6. a 
I. P. Wright is in the Department of Earth i 
Sciences, The Open University, Milton Keynes 
MK? 6AA. 


Tue last number of the Transactions of the | 
Seismological Society of Japan (Yokohama, oe 
1884) contains various papers on seismology. 
The first is by Prof. Milne, on earth pulsations; . 
the next is by Mr. Alexander, on the we 
interpretation of a diagram described by a k 
particular form of earthquake instrument. The = 
object of the writer is to calculate not only the 
maximum velocity, but also the maximum rate 
at which the velocity changes, “which is a 
measure of the effect which an earthquake 
exerts in overturning and fracturing bodies 
placed on the earth’s surface.” Prof. Ewit 
describes the construction of a pendulum w i 
shall be without a tendency to swing when the 

point from which it is suspended suffers dis 
placement. Mr. Gergens gives a note on rippi 































































casting supposed to have been shaken v 
solidifying, which marks are picturesq 


described as “ʻa note in a congealed eath 


The remainder of the volume con 
tion new types of seismograp 





~The role of protein kinase C in cell surface sig 
transduction and tumour promotion _ 
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_ Protein kinase C has a crucial role in signal transduction for a variety of biologica e Su 
-which activate cellular functions and proliferation. When cells are stimulated, protein kin a 
_ transiently activated by diacylglycerol which is produced in the membrane during the signal-induce: 
~ turnover of inositol Phospholipids. Ti umour-promoting phorbol esters, when intercalated into the cel 
-~ membrane, may substitute for diacylglycerol and permanently activate protein kinase C. The enzym 
-~ Probably serves as a receptor for the tumour promoters. Further exploration heres roles of this enzyme 
—— may provide clues for understanding the mechanism of cell growth and differentiation. Eo 


















































THE biochemical basis of the transduction of extracellular sig- and other phospholipids show positive or negative cooperativity 

nals into intracellular events and of cellular proliferation has with phosphatidylserine’*. For example, when phosphatidyl- 
4 long been a subject of great interest. Recently, much attention ethanolamine is present as an additional lipid component, the 
m™ ‘has been paid to the role in such events of the turnover of enzyme is fully activated by diacylglycerol at the 10°? M range 
-inositol phospholipids in the membrane that is commonly of Ca**, whereas phosphatidylcholine and sphingomyelin are 
observed immediately after the interaction of a wide variety of inhibitory. Therefore, the asymmetric distribution of various 
biologically active substances with their specific cell surface phospholipids in the lipid bilayer may play a part in enzyme 
receptors. This turnover of inositol phospholipids is associated activation. The enzyme is independent of calmodulin, but is. 
with an increase in intracellular calcium ion, which appears to profoundly inhibited by a I 


arge number of phospholipid-inter. 

mediate many of the subsequent physiological responses. acting drugs including chlorpromazine, dibucaine and tri- 
When the enzyme, protein kinase C, was first found, in 1977, fluoperazine, which are known calmodulin inhibitors? 4, oo 
` -as a proteolytically activated protein kinase in many tissues, it Protein kinase C is widely distributed in tissues and organs 
-had no obvious role in signal transduction’, Later, it was shown of mammals and other organisms 51526, Jn many tissues its 


to be a Ca**-activated, phospholipid-dependent enzyme’, and activity far exceeds that of cyclic AMP-dependent protein kinase | 

was firmly linked to signal transduction by the demonstration (protein kinase A) when assayed with calf thymus H1 histone — 

_ that diacylglycerol, one of the earliest products of signal-induced as a common substrate. It consists of a single polypeptide chain | 
inositol phospholipid breakdown, greatly increased the affinity (molecular weight 77,000) that appears to be composed of two 
Of protein kinase C for Ca?*, thereby activating it™®. The functionally different domains which can be separated with 


enzyme apparently possesses multifunctional catalytic activity. Ca**-dependent thiol proteases’®?7, One is a hydrophobic 
The purpose of this review is to summarize the evidence domain that may bind to membranes: the other is a hydrophilic 


_-relating to the activation of protein kinase C and to the import- domain that carries the catalytically active centre, The latter 
ance of that activation for subsequent cellular responses. It will fragment is fully active without Ca?*, Phospholipid and 

X argued that the activation of cellular responses by this route diacylglycerol. (A class of Ca’*-dependent thiol proteases which 

Separate from and synergistic to those activated via an increase are active at the 1-10 uM range of Ca** preferentially cleave 
in intracellular Ca?* as outlined in Fig. 1. Recent evidence that the activated form of protein kinase C'’: the physiological 
. protein kinase C is a prime target for the actions of phorbol significance of this irreversible reaction is unknown.) =o 

> ester and perhaps some other tumour promoters will also be When tested in vitro, protein kinase C has a broad substrat 
reviewed. Several other aspects of protein kinase C have been specificity, phosphorylating seryl and threony! residues, but no 
reviewed elsewhere”, tyrosyl residues, of many endogenous proteins in m 
ie tissues”, Protein kinases C and A share many 
- Biochemical activation and properties acceptor proteins in vitro but with very different relative ra 
Protein kinase C is a Ca2*- and Phospholipid-dependent enzyme Of Phosphorylation of different amino acyl residues*'°. Nod 

























= that is activated by diacylglycerol?*, Diacylglycerol is normally the Primary sequence be: the vey. of the phosphorylation site 
almost absent from membranes, but is transiently produced 1$ an Important factor in determining substrate recognition b 
_ from inositol phospholipids in response to extracellular signals, different protein kinases, as is the topographical arrangement 
Kinetic analysis indicates that a small amount of diacylglycero! Or Subcellular localization of the enzymes and their substrate 
dramatically increases the apparent affinity of protein kinase C (for reviews see refs 5,18,19). The nature of the Physiologica 
r Ca?*, fully activating the enzyme without any change in Substrates of protein kinase C in most tissues remains largel 
Ca?* levels*!?, Triacylglycerol, monoacylglycerol and free fatty unexplored. 
acid are totally inactive. The active diac lglycerols appear to ‘ e T ae 
< contain at least one unsaturated fatty aad ete of the Physiological activation o 
Chain length of the other fatty acyl moiety, but the precise A wide variety of extracellular signals which activate. cellula: 
structural requirements for activity have not been extensively functions and proliferation through interaction with membrane 
investigated. For reasons that will become apparent later, itis receptors have repeatedly been shown to provoke the br 
worth noting that inositol Phospholipids in mammalian tissues down of inositol phospholipids in their target tissues (f 


quently contain arachidonic acid at position 2. In the activa- see refs 20-22). Originally phosphatidylinositol was 
‘of protein nase C tidylserine is indispensa > be the target”, but recently it has been pr 
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some mammalian tissues (for a review see ref. 24) and insect 
salivary gland’, the immediate target is phosphatidylinositol 
bisphosphate even though this phospholipid is a very minor 
component in membranes (Fig. 1). The evidence so far presented 
is plausible, but the precise physiological picture and tissue 
- variations may be established by further investigations. In any 
case, the primary products of the reaction are diacylglycerol 
and inositol phosphate or inositol polyphosphate*®. Evidence 
that this signal-induced reaction is directly linked to activation 
-of protein kinase C has primarily come from experiments with 
` platelets for which there are many useful agonists and 
_ antagonists®? 
-<> {n platelets stimulated by thrombin , collagen”? or plate- 
_ let-activating factor®’, two endogenous proteins with approxi- 
-mate molecular weights of 40,000 (40K protein) and 20,000 
(20K protein) are rapidly and heavily phosphorylated in associ- 
ation with release of various constituents of platelet granules 
< such as serotonin from dense bodies and acid hydrolases from 
lysosomes. The 20K protein is myosin light chain: calmodulin- 
dependent phosphorylation of this protein absolutely requires 
-mobilization of Ca?” (ref. 32). On the other hand, the 40K 
protein isolated from human platelets is a substrate for protein 
inase C”*. More recently, Imaoka et al.” have confirmed this 
reaction using a highly purified preparation of the 40K protein, 
which they find has a 47K component with some micro- 
heterogeneity on isoelectrofocusing electrophoresis. The func- 
tion of the 40K protein remains unknown. 
At has been repeatedly shown that, when stimulated, platelets 
apidly produce diacylglycerol containing arachidonic acid, and 
hat this reaction is accompanied by the concomitant disappear- 
ce of inositol phospholipids?” ABSa Tt js important to note 
diacylglycerol is only transiently produced in membranes, 
umably due both to its conversion back to inositol phos- 
ipids and to its further degradation to arachidonic acid for 
iromboxane and prostaglandin synthesis (Fig. 1). The transient 
ppearance of diacylglycerol in membranes is always associated 
ith activation of P rotein kinase C as judged by 40K protein 
pt osphorylation”’ me 
n the in vitro enzymatic reaction, various synthetic diacylgly- 
erols are equally capable of activating protein kinase C. 
hough those of the synthetic diacylglycerols that contain two 
fatty acyl moieties such as diolein are poor inducers of 40K 
tein phosphorylation in intact cell systems, presumably due 
eir inability to be intercalated into the membrane, others 
le to activate protein kinase C in intact cells°?°*’. For 
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Fig. 1 Inositol phospholipid turn 
over and signal transduction. Ptd] 
phosphatidylinositol; Ptdins4P, phòs- 
phatidylinositol-4~phosphate; PtdIns- 
4,5P,,  phosphatidylinositol-4,5-bis- 
phosphate; R, and Ra, fatty acyl 
groups; I, inositol; and P, phosphoryl 
group. 











Ca** mobilization 








suspended in 1% jamai sulphoxide and added to intact plate- 9. 
lets directly, the 40K protein is rapidly and fully phosphorylated A 
but without any concomitant breakdown of inositol phos- < 
pholipids, formation of diacylglycerol, arachidonic acid release 
or thromboxane synthesis**3’. There is no sign of damage to. __ 
the cell membranes. This diacylglycerol does not appear to — 
interact with the receptor for platelet-activating factor, since 
the latter factor definitely induces rapid breakdown of inositol 
phospholipids*’. Instead, the synthetic diacylglycerol is shown 

to be metabolized rapidly in situ to its corresponding phos- 
phatidic acid, 1- ~oleoyl-2-acetyl-3-phosphorylglycerol, presum- 
ably by the action of diacylglycerol kinase*’. Fingerprint analysis 

of the tryptic phosphopeptides of the 40K protein that is phos- | 
phorylated in platelets treated with the synthetic diacylglycerol 
confirms that the phosphorylation is catalysed by protein kinase 

C. On the basis of these observations, together with evidence 
obtained with inhibitors such as chlorpromazine and dibucaine’, 
it may be concluded that protein kinase C is indeed activated’. 
by extracellular signals in physiological processes, and that 
diacylglycerol, transiently produced from inositol phospholipi: 
in response to the extracellular signals reaching their target ci 
membranes, serves as the direct activator of this protein kinase. | 


Activation by tumour promoters 


Several phorbol esters such as 12-O- -tetradecanoylphorbol-13- iz 

acetate (TPA) are well known as potent tumour promoters, and 
several kinetic studies with various cell types suggest that their“ 
primary site of action is the cell surface membrane (for review - 
see refs 38-40). Recent studies in our laboratory have provided | 
evidence that protein kinase C is a target for phorbol esters, as _ 
the tumour promoters directly activate this enzyme both in vitro- 

















the ability of individual phorbol esters to promote tumours and 
to activate the enzyme*'**. Kinetic analysis indicates that TPA. 
which has a diacylglycerol- -like structure (Fig. 2), is able to 
substitute for diacylglycerol at extremely low concentrations. 
Like diacylglycerol, TPA dramatically increases the affinity aL 
the enzyme for Ca** to the 107M range, resulting in its fu 
activation without detectable cellular mobilization of Ca?* ( 
42). The binding of Hi labelled a. 712,13 -dibuty 
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Fig. 2 Structures of synthetic diacylglycerol (1-oleoyl-2- 
acetylglycerol; left) and fumour-promoting phorbol ester (1-0- 
_ tetradecanoyiphorbol-13-acetate, TPA; right). TPA contains a 
< diacylglycerol-like structure in its molecule, as shown in the dotted 
iE square. 


< activation occur. The effects of varying the concentration of 
-PDBu on the activation of protein kinase C and on its binding 
-to the enzyme are shown in Fig. 3. The apparent dissociation 
_ binding constant (K4) of the tumour promoter is estimated to 
__.. be 8 nM, which is the same as the activation constant (K,) for 
protein kinase C calculated by Lineweaver—Burk double 
__. » reciprocal plots. These values, obtained with homogeneous pro- 
_, tein kinase C and chromatographically pure phosphatidylserine, 
„are remarkably similar to the K4 values described for the specific 
tumour promoter-binding site in brain particulate fractions 
(5.6 nM)**, and on intact cell membranes of rat embryo fibro- 
blasts (8 nM)* and mouse epidermal cells (10nM)**. Recent 
reports from several laboratories*”™° have also confirmed that 
both Ca’* and phospholipid are needed for the binding of 
-= tumour. promoter to a specific binding site that is presumably 
> protein kinase C. 
=> Scatchard analysis indicates that roughly one molecule of 
=- PDBu binds to one molecule of protein kinase C in the presence 
_ ofa physiological concentration of Ca2* and an apparent excess 
____ Of phospholipid (Fig. 3)®, but this stoichiometry does not 
necessarily indicate that the tumour promoter binds directly to 
_ the enzyme. Using a phorbol ester photoaffinity probe Delclos 
~ etal” have obtained evidence that the phorbol ester interacts 
: primarily with phospholipid. The tumour promoter activates the 
enzyme presumably by some modification of its phospholipid 
=- microenvironment. The phospholipid specificity for PDBu bind- 
“ing is similar to that for the activation of rotein kinase C, with 
osphatidylserine being most effective*?47-™°, 
The amount of phospholipid needed for binding in in vitro 
assays, for example 100 pg mi~? phosphatidylserine, usually far 
==> exceeds the amount of protein kinase C and of tumour pro- 
-= moter**, Although it is difficult to translate this concentration 
Into physiological terms, since Phospholipid is water-insoluble, 
it is nevertheless attractive to Suggest that, in intact cells where 
phospholipid and Ca”* are not limited, each molecule of tumour- 
promoting phorbol ester which intercalates into the membrane 
phospholipid bilayer interacts with one molecule of protein 
kinase C which moves towards it to produce the quaternary 
complex by which the enzyme is activated: a new concept of 
the ‘mobile receptor’. Consistent with this proposal is the fact 
that, in resting conditions in most tissues, protein kinase C is 
-largely present in a soluble inactive form but when, for example, 
TPA or PDBu is added to intact cells, protein kinase C is 
covered in a form tightly associated with cell membranes on 
disruption of the cells (see also ref. 52). 
_ The results obtained with tumour promoters raise the poss- 
bility that, in physiological processes, one molecule of diacylgly- 
erol, produced from inositol Phospholipids in the membrane, 
ctivates one molecule of protein kinase C. If so, it may be that. 
ven though phosphatidylinositol bisphosphate is a very minor | 



















glycerol to activate all the protein kinase C in the ¢ 
it is difficult at present to imagine the mechanist 
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embrane component, its breakdown provides sufficient — 







which protein kinase C senses such a tiny change in the cons 
tion of cell membranes. | ~ 

Further evidence supporting the view that protein kinas 
acts as the receptor for tumour-promoting phorbol ester, co 
from the similar distribution patterns among tissues 
enzyme and phorbol ester binding sites? qf. 
noteworthy that Niedel et al.”*, Leach et al.°, and Shoya 
Boaze” have co-purified a TPA-binding protein with: 
kinase C from brain tissues. There is some evidence that tui 
promoting phorbol esters are intercalated into membran 
directly activate protein kinase C in intact cell systems 











































down of inositol phospholipids nor the formation of endogen 
diacylglycerol is observed during the entire period of stimul: 
tion. Fingerprint analysis of radiolabelled 32P-40K protein 
isolated from the platelets indicates that protein kinase C is 
responsible for the reaction*!-*2, : 
Thus, plausible evidence available to date seems to be compa 
ible with the supposition that protein kinase C is a receptor 
protein of tumour promoters, and that some, if not all, of the 
pleiotropic actions of tumour-promoting phorbol esters may be 
mediated through the action of protein kinase C. This enzyme 
appears to fulfil the requirements for the proposed receptor 
which leads to the activation of a variety of cellular functions 
and proliferation®®. It is also possible that some other tumour 
promoters act via protein kinase C. Mezerein, which is classified 
as a second-stage tumour promoter, can activate protein 
kinase C”. Teleocidin and Aplysia toxin, tumour promoters 
structurally unrelated to phobol esters, also have the potential 
to activate protein kinase C in vitro at relatively higher con- 
centrations’’. Although mezerein and the latter classes of 
tumour promoters do not have diacylglycerol-like structure, it 
is possible that these compounds may cause analogous changes 
in membranes. 3 ae 


Synergism with calcium 


Although there are some exceptions such as bovine adrenal 
medullary cells’, it is generally the case that, when stimulation - 
of receptors leads to inositol phospholipid breakdown, it simul: 
taneously mobilizes Ca**. Recently, it has been possible to. 
demonstrate the independent induction of protein Kinase C- 
activation and Ca** mobilization by using the exogenous addi- 
tion of synthetic diacylglycerol or TPA for the former and 
Ca** ionophore, such as A23187, for the latter®2°" 18289 This 
is shown schematically in Fig. 4. Platelets are particularly suit 
to the demonstration because the two pathways can be specifi 
cally monitored by measuring the phosphorylation of either the 
40K or the 20K protein. By contrast, when platelets are stim 
lated by ‘positive signals’ such as thrombin, collagen and pl: 
let-activating factor, both the 40K and the 20K protein 
phosphorylated concomitantly?”~*). oe 

In appropriate conditions, it is possible to show. tha 
kinase C activation and Ca** mobilization act synergis 
elicit the full physiological response of platelets, such as th 
release of serotonin®*"’*? and lysosomal enzymes**. In the: 
experiments the concentration of A23187 (0.2-0.4 uM} 
critical since at concentrations greater than 0.5 uM this Ca? 
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_ mobilizes Ca?” as measured directly with quin 2. The involve- 
_ ment of two synergistic pathways, protein phosphorylation and 
_Ca®* mobilization, may explain the agonist selectivity that is 
observed for the release reactions from different platelet 
granules®®. The balance of these two pathways may exert differ- 
ential control over different processes within a single activated 
cell, even if Knight et al.®' have pointed out that there is no 
_ difference in their sensitivity to Ca?” mobilization. 
The synergistic effects of synthetic diacylglycerol and Ca? 
_ ionophore are not confined to the platelet. For example, when 
rat mast cells®!! and neutrophils” are stimulated by synthetic 
_ diacylglycerol, histamine and lysosomal enzymes such as N- 
_ acetylglucosaminidase, respectively, are released to some extent. 
If, however, these cells are incubated with diacylglycerol in the 
presence of a low concentration of A23187, the release reactions 
‘are dramatically enhanced. The Ca** ionophore alone at the 
‘same concentration has little effect. Again, it is plausible that 
‘the protein phosphorylation by protein kinase C and the mobiliz- 
ation of Ca?*, both of which are evoked by a single extracellular 
“messenger, are equally indispensable and synergistically effec- 
tive for causing full physiological responses. Similar synergistic 
ffects have been observed for the proliferation of macrophage 
depleted peripheral lymphocytes that are treated with 
tohaemagglutinin, as measured by the incorporation of 
oactive thymidine into DNA®*. Note, in particular, that 
-promoting phorbol esters at low concentrations, by 
ng the activation of protein kinase C alone, may leave the 
ll ready to function and proliferate once Ca?* becomes 
lable. 



































se C phosphorylates a large number of proteins in most 
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Fig. 3. Effect of PDBu concentra-— 
tion on activation of protein kinase: 
C and on its binding to protein kinase. 
C, a, Protein kinase C activity versus 
PDBu concentration. The protei 
kinase was assayed at variou 
concentrations of PDBu with TX 
10°*M CaCl, and 8 yg mi”! phos- 
phatidylserine. Inset, Lineweaver- 
Burk plots. b, 7H-PDBu binding ver- 
sus its concentration. The binding of . 
3H-PDBu was assayed in the same 
conditions by gel filtration on a 
column of TSK 3000SW, which was 
attached to a high pressure liquid 
chromatograph, Toyo Soda Model o oo. 
HLC-803D. Inset, Scatchard plots: 0. 
The enzyme used was essentially . 
pure. Other details of experimental 
procedures are given in ref, 43. : 
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be established. A possible cascade reaction from protein. i 
kinase C to tyrosine kinases has also been postulated recently; 
since tyrosyl residues of some endogenous proteins are phos- 
phorylated when cells are treated by TPA or synthetic diacylgly- 
cerol’. The substrate proteins for protein kinase C may not be 
confined to the membrane compartment. 


Arachidonic acid cascade 


Although one might have anticipated dramatic heterogeneity 
and variations from tissue to tissue in receptor mechanisms, 
most tissues seem to possess two major classes of receptors for 
controlling cellular functions and proliferation (Fig. 4). One 
class triggers the production of cyclic AMP, while the other 
induces inositol phospholipid turnover, Ca?” mobilization and 
frequently arachidonic acid release and cyclic GMP (but not 
cyclic AMP) production. Thus, phospholipid degradation, Caa 
arachidonic acid and cyclic o appear to be integrated 
together in a single receptor cascade system, but exactly how -= 
is unclear. Michell”? postulated some years ago that inositol 
phospholipid turnover is involved in Ca?* gate opening. Very. 
recently, Streb et al.”* have proposed that inositol trisphosphate. 
which is produced by the signal-induced breakdown of phos- 
phatidylinositol_ bisphosphate, may act as an intracellular. 
mediator of Ca2* mobilization, but this attractive hypothesis is. 
yet to be explored further. Arachidonic acid can be derived 
from inositol phospholipids through two consecutive reactions, 
catalysed by phospholipase C and diacylglycerol lipase”, and 
in platelets it can also be derived from phosphatidic acid by it 
specific lipase”® (Fig. 1). However, in most tissues arachidonic. 
acid is also released by phospholipase Az from phosphatidylcho-. 
line and phosphatidylethanolamine. Perhaps, after receptor 
stimulation, both phospholipases act in concert. 

The role of cyclic GMP, as well as the mechanism by w 
this cyclic nucleotide is elevated, is still not clearly understood. 
Although Ca** sometimes causes direct activation of guany 
cyclase, it is more likely that arachidonic acid peroxide 2 
prostaglandin endoperoxide serve as activators for guanyl 
cyclase”. Cyclic GMP is believed to- int 
messenger for various extracellular signa -jt rel 
puzzle that cyclic GMP-dependent pro 


























































~ diacylglycerol = ; n 
-Sptumour promoters} A Inasitoi 
base Ee hospholipid=#/ Protein kinase € 

Positive sionals oe le Breg down 
ee: SN cellular | 


responses 
















Fi 


car” ionophore 






fe ee ae ae Ete oe 





Negative signals abe 
gotive sig meme CAMP neers | Protein kinase A 


us 
ay 


Fig. 4 Synergistic action of protein kinase C activation and Ca?* 

mobilization for eliciting full cellular responses. In many, but not. 

all, tissues the receptor-linked cascade caused by ‘positive signals’ 

is blocked by ‘negative signals’ which increase cyclic AMP. In some 

tissues these two receptors do not appear to interact with each 
other but to function independently®. 





a negative, rather. than a positive, messenger, providing an 
< immediate feedback control that prevents over-response. In 
~ = Support of this proposal is the evidence that, in human platelets 
stimulated by thrombin, the formation of diacylglycerol from 
- inositol phospholipids, phosphorylation of the 40K protein, and 
release of serotonin are all inhibited by prior incubation with 
sodium nitroprusside, which induces cyclic GMP, or with 8- 
bromo-cyclic GMP’*. Haslam et al.” have suggested that cyclic 
GMP serves as a negative intracellular messenger on the grounds 
that sodium nitroprusside is a powerful platelet inhibitor, and 
-Schultz et al®° have made a similar proposal for smooth muscle 
contraction since sodium nitroprusside, nitroglycerol and 8- 
bromo-cyclic GMP all cause relaxation, although a-adrenergic 
and muscarinic cholinergic stimulators enhance cyclic GMP 
levels as well as inositol phospholipid breakdown on contraction. 
Recent experiments show that cyclic GMP inhibits inositol phos- 
pholipid turnover in smooth muscle in a manner similar to that 
in platelets®. 
ke In short, in those cells where cyclic AMP generated by ‘nega- 
-~ tive signals’ inhibits the transmission of ‘positive signals’ (which 
is not the case in all cells), cyclic AMP and cyclic GMP do not 
antagonize each other, but similarly inhibit the receptor-linked 
degradation of inositol phospholipids in membranes, and 
-> thereby block cellular functions and proliferation by counteract- 
_ ing the activation of protein kinase C°"', These inhibitory 
actions of cyclic nucleotides probably extend to the mobilization 
of Ca**, presumably through activation of protein kinases A 
and G, respectively! !?, 
«Finally, it should be emphasized here that the activation of 
grotein kinase C by tumour-promoting phorbol esters is not 
usceptible to such feedback control by cyclic nucleotides*?. 
< Unlike diacylglycerol, the tumour promoters may remain in the 
_ membrane for prolonged periods of time, since the diterpenes 
-> are metabolized only slowly. Perhaps tumour promoters relieve 
> cells of contact inhibition, a process which induces a marked 
-increase in cyclic AMP. 
Implications | 
Although the experimental support reviewed in this article has 
resulted from studies with a limited number of specific tissues, 
primarily the platelet, it is plausible that protein kinase C has 
a crucial role in signal transduction for the activation of many 
~ cellular functions and proliferation. With platelets, mast cells, 
neutrophils and lymphocytes as test cell systems, a possible 
lationship between Ca** mobilization and protein phosphory- 
lation catalysed by protein kinase C has been explored. The 
evidence available thus far suggests that either the increase in 
Ca** concentrations or the receptor-linked activation of protein 






















and that their synergistic actions are necessary for the transmem- 







nd protein kinase C have diverse roles in biological regulatio: 
e precise targets of protein kinase C in each tissue will t 
ied by further investigations - 













kinase C alone is not sufficient for complete signal transduction, _ 


brane control of a variety of cellular events. It is clear that Ca? 







tumour-promoting phorbol esters. The evidence availa! 
date strongly suggests that some, if not all, of the 
actions of tumour promoters are mediated through thi 
kinase. Further exploration of the roles of protein kinase C ma 
allow an understanding of the biochemical basis of tu 

Promotion. It is attractive to suggest that the uncontrollable 
production of an active form of protein kinase C, whethe 
product of a cellular or of a viral gene, may promote 
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the potential vorticity field 





W. R. Holland’, T. Kefier' & P. B. Rhines’ 


* National Center for Atmospheric Research, Boulder, Colorado 80307, USA 
t Woods Hole Oceanographic Institution, Woods Hole, Massachusetts 02543, USA 





The general circulation of the oceans is determined by vorticity, temperature and salinity. The theory of large-scale 
circulation puts a strong constraint on the fields of potential vorticity, q. New calculations and observations of the North 
-Atlantic and North Pacific, using the field of potential vorticity as a point of comparison, reveal strong similarities. In 
-~ particular, the observations can be modelled by gyres around which geostrophic contours deform to follow the circulation 
and within which q is uniform. The effects of injected waters with relatively low potential vorticity are significant. | 





— < THE calculation of the general circulation of the major oceans 
is notoriously difficult even though it is a simple matter to write 


down the dynamical equations that describe the motion of 
the elements within a relatively thin layer on the surface of 
the Earth rotating with angular velocity N. Mathematically, the 
difficulty is that the equations that in principle determine the 
motion within the oceans in terms of the boundary conditions 
“(at the margins and at the surface) are non-linear, in some 
“connections to a high order. Our objective in what follows is to 
“show that it is nevertheless possible to construct a model of the 
-wind-driven circulation in major oceans which yields results in 
qualitative agreement with observation. 
-In the major oceans, the general character of the circulation 
easily described. The uppermost 1,000 m or so of the oceans 
ds to be dominated by great circulatory gyres, one or two 
to an ocean basin, which are generated by wind stress at the 
:. At greater depths, however, the pattern of flow is 
nated by differences. of the temperature and salinity of 
different water masses. One consequence of such thermohaline 
circulations is to create the vertical stratification of density in 
the oceans—or, more accurately, the stratification of potential 
ensity p defined as the density of the fluid element concerned 
ter the pressure is adjusted adiabatically to some reference 
alue. 
To construct a theory of the circulation of the oceanic gyres, 
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of constant p which are at great depth at middle latitudes rise 
with increasing latitude and eventually intersect the sea surface 
along ‘outcrop’ curves. Since surface water can move downward 
along surfaces of constant p without working against gravity, 
the outcrop curves are ‘windows’ by means of which water 
marked by atmospheric interactions can reach great depths in: 
the oceans (Fig. 1). Hence the sea surface is a key site whe 
the thermodynamic and mechanical interactions with the atmos- 
phere take place and from where the memory of these interac- 
tions is carried with the fluid down into the ocean’s interior. =o 
The stable stratification of density in the oceans constrains _ 
fluid motions to lie nearly along surfaces of constant potential gee 
density, known as isopycnal surfaces. A further constraint acting 
on the motion of a fluid element within an isopycnal surface _ 
arises from the rotation of the Earth. Specifically, in the context 
of planetary fluids, if u is the velocity field of the flow (referred _ . 
to the surface of the rotating Earth) where frictional and exter- 
nally applied forces are negligible and Vxu is the relative > 
vorticity field, then the potential vorticity, defined as q= pe 
(20+ xu) - Vp/p is, like the potential density, a conservative 
quantity in the sense that q for each fluid element remains | 
constant following the motion. Accordingly, the directions o 
flow on surfaces of constant p are contours of constant g, knowtT 
as geostrophic contours or isostrophs. In other words, a theory 
of the scalar fields q and p is tantamount to a theory of the 
general circulation. 
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Fig.1 Schematic diagram of the in jection of surface waters down- | 
ward into the wind-driven ocean gyre. The inflowing water is. 
squeezed into a narrow band near the eastern boundary, joining 

the more massive stream emanating from the western boundary. 

Mixing rates near the ‘outcrop’ curves determine how rapidly the 

newly injected waters invade the core of the gyre, 


“cof q and p in the interior by boundary values ‘upstream’ at the 
sea surface, and also stirring and mixing processes in the deep 
interior which, given time, cause ma jor alteration of these values. 
Even if we could solve the interior problem generally, there are 
regions with dynamics of higher order which interact essentially 
with the interior: particularly, the boundary layers at the sides, 
top and bottom of the oceans, 
- The equations governing the time-averaged (symbols with an 
overbar) flow can, in the presence of a conservative scalar like 
potential density, be reduced to a conservation principle for a 
dynamically active scalar, the potential vorticity g. This is 









aVg=-V-u'g’ +Ë- D 
DO (1) 
a-Vp=—-V-n'p'+H 


: Here F is the external forcing (by winds, and air~sea buoyancy 


| transport), D is the effect of small-scale dissipation and H is‘ 


external forcing of buoyancy, plus the effect of small-scale 
mixing. The local-vertical component of 22 is the Coriolis 
frequency, f = fot By. x, y, z are east north and upward local 
. cartesian coordinates. Perturbations about the mean are denoted 
by primes. For quasi-geostrophic baroclinic ocean dynamics with 
„lateral scale much larger than the Rossby deformation radius 


(~50 km) the relative vorticity is much smaller than the ‘stretch- 
ing’ term. Then 





q = (f/p)(dp/az) 


-> and the potential vorticity can be evaluated from hydrographic 

-> measurements of p alone. 

oe The free Rossby-wave modes of the large-scale ocean, 
instabilities of the mean circulation and geostrophic turbulence 

all involve interplay between the mean and perturbation fields 

Of q. These transient currents provide eddy transports appearing 

_.. on the right-hand side of equation (1). Where these eddy and 

- dissipation terms are weak we have as a first approximation 









a-Vg=0 | 
£ (2) 
i-V5=0 





or the circulation of the interior ocean. These equations were 
- introduced in the pioneering work of Welander. Equations (2) 






' Fig. 2 A meridional section through a theoretical mode 
subtropical wind-driven circulation’. The thickness betwe 
stant-density surfaces (light full lines) increases poleward 

that the potential vorticity is uniform within the bounds 

gyre (heavy lines). The gyre centres recede poleward with increas 
ing depth, and the poleward side of the gyre is steep. 
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imparted to a fluid by planetary rotation, for equations (2) sta 
merely that an infinitesimal line of fluid particles moves such as 
to keep constant the projection of the rotation vector Q on 
Despite the simplicity of these relationships (and some early 
awareness of the importance of these geostrophic contours*4), 
the analysis of the general circulation using maps of constant-p 
surfaces is relatively recent (being exploited for the analysis of 
salinity, oxygen and nutrient fields particularly by Montgomery” 
and Reid®. Analysis of geostrophic contours (q = constant on 
surfaces of p = constant) is even more recent”. a 
Predicted nature of the potential vorticity field. In much of 
the oceans the classic Sverdrup relation £ f? v dz = fwg, where 
wo is the wind-forced vertical velocity at the base of the upper 
boundary layer, follows from equation (2). If this net transport 
of mass, a known function of the wind-stress, were to be dis 
tributed over too great a depth interval, q would not be very 
different from its ‘rest’ value, Proportional to By. Blockage of 
the geostrophic contours by continental boundaries would then 
prevent flow in most of the body of the ocean, invalidating this 
as a possible solution. Linearized ‘spin-up’ models of the océan 
circulation for this reason evolve towards a singular velocity 
distribution, with the circulation confined to a thin layer at the 
sea surface, one where the direct effect of the wind is not shielded 
by the stratification. ooo 
The true circulation is essentially nonlinear; in the sense that 
flow-induced modification of the geostrophic contours i 
necessary if the interior ocean is to move meridionally. If th 
intensity of the circulation were great enough, one could imaging 
‘islands’ of q rising above the sloping rest state, q = constant x 8 
There, fluid might circulate about an entire gyre : withou 
experiencing external stresses or suffering dissipation near t 
western boundary. In the vertically integrated sense, dissipat 
must still occur to balance the integrated wind curl, | 
could occur in isolated depth intervals, leaving th 
boundary current largely inertial. Regardless of the d 
boundary layer dynamics, the mid-ocean circulation must 
through the geostrophic tilt of its p surfaces, the ‘geostroph 
contours to make major north-south excursions: ‘The 
alternative would be massive diffusion of momentum or densit 
In a recent theory of the circulation? based on eq ol 
(1) with weak right-hand sides, these islands of q are found 
be essential. The geostrophic contours that close on ther 
without touching the outcrop ‘window’ provide easy passag 
the fluid, without the necessity for strong dissipation. 
(known) vertically integrated velocity is distributed in the 
tical as eddy ‘wave-drag’ carries momentum from one lev 
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_Fig. 3. The spin-up of the circulation from rest, when the winds 

arise impulsively'*. This is a two-layer model without lateral boun- 

` daries, in which eddy effects are parameterized as a diffusion of 

` potential vorticity. The shear of the mean fiow augments the 

diffusion, and low values of q ‘leak’ to the exterior. This transient 

field then propagates westward as a baroclinic Rossby wave. a and 
b show q(x, y) during the first revolution of the gyre. 


the rest-state q field occur at each level, a monotonically decreas- 


ing flow will have a scale-depth given by D ~ (f/N)V U/B where - 


-U is the typical magnitude of the wind-driven current, and N 
is the buoyancy frequency. This follows simply by requiring that 
the density-tilt contribution to Vq has the same magnitude as 
-B so that the geostrophic contours can indeed depart from 
latitude circles. The process can continue right to the sea floor 
in the most intense parts of the gyre’’. 
_. The actual distribution of q predicted by this theory depends 
on the details of eddy-induced dissipation in the western boun- 
_ dary current. If that dissipation is sufficiently weak, or conversely 
so strong that the boundary current acts as a ‘mixing valve’, the 
theory shows that q becomes homogenized to a single value 
within the closed streamlines of the gyre: the islands of q become 
plateaus. Such creation of regions of uniform potential vorticity 
is predicted to be an important feature of both atmospheric and 
oceanic circulations. It has analogues in other flows with closed 
_ streamlines, for example in the expulsion of magnetic field lines 
from fluid convection cells in the solar photosphere’’. 
Typical theoretical solutions following this scheme (Fig. 2) 
exhibit a poleward migration of the subtropical gyre with 
increasing depth, and at its poleward side the gyre is steeply 
terminated. The potential vorticity develops homogeneous 
ledges which allow free passage of fluid across great extremes 
of latitude. 
~~ Evolution from a state of rest. The evolution of the potential 
vorticity field from an initial state of rest (Fig. 3) involves 
shear-augmented diffusion of potential vorticity 3, which pro- 
vides an enhanced diffusion of q along mean streamlines. This 
two-layer numerical simulation’ is the solution of the time- 
dependent large-scale equations with the role of eddies simu- 






























ated by vertical and lateral friction. For simplicity, there are 






al boundaries, and the wind-stress curl varies linearly 
in x inside a circle of radius a. (The oceanic problem corresponds — 
to the right half of this flow, with a coastal boundary lying 
north-south along the midline, and a western boundary current 
replacing the left half-plane.) When the winds are switched on, 
the initial Sverdrup circulation is uniform with depth (th 
barotropic adjustment is instantaneous in these equations), and- 
the q field is just proportional to By. The streamlines are circular. 
The lower-layer field of q (shown in Fig. 3) is wrapped round 
by the circulation, developing large gradient in the radial direc- 
tion. This stretching of the q contours greatly increases the - 
diffusion of g. The systematic westward propagation of transients 
by baroclinic Rossby waves redistributes the potential vorticity 
that ‘leaks’ out of the gyre, while radiating energy westward to 
infinity. After the transient phase we are left with a steady 
circulation characterized by a plateau of homogenized q. As 
predicted in the theory, the value of the constant q is not the 
average value of the initial conditions, but rather the value at 
the poleward extremity of the gyre (According to classical linear 
theory the time required to establish such a circulation would 
be the transit time L/c, for baroclinic Rossby waves to cross 
the gyre (L is the breadth of the gyre and c the long-wave speed 
~B(NH/fo)*, where h is the depth). The present theory, _ 
however, predicts the adjustment time to be intermediate = 
between the circulation time, L/ U, and the diffusion time, Like 
where « is the lateral diffusivity of potential vorticity’?"*.) 
Points of entry into the circulation. Fluid enters the circulation: 
of the subtropical gyre from the upper mixed layer at the outcrop - = 
lines (Fig. 1). Once it descends out of reach of the atmosphere, : 
subsequent modification of q is thought to be gradual. Further = 
eddy ‘scattering’ processes are active, however, in preventing 
the cyclic travel about the gyre from being perfectly periodic. 
These eddy transports largely account for the creation, mixing 
and destruction of water masses. There is thus a competition in 
the determination of the field of q between the propagation of 
sea-surface boundary values along geostrophic contours and (as 
in the theory described above) the determination of q by eddy 
momentum flux across q contours and p surfaces. The classical 
non-diffusive thermocline theory, and particularly recent appli- 
cations to the wind gyre”"'>, centre on the latter more hyperbolic — 
solution scheme, essentially integrating downstream and 
downward from the outcrop lines. Thus, lying between the 
recirculating gyre and the quiescent ‘shadow zone’ of the quasi- 
geostrophic theory there is a band of directly injected fluid with 
memory of upstream boundary conditions at the sea surface. In 
certain density intervals the injection rate is so great that 
being proportional to ap/dz, takes a relative minimum; these 
are termed ‘mode’ waters’®. 
The basic planetary rotation restricts the size of this band of 
directly injected waters. It typically occupies a small fraction i 
~Lo/a of the width of the ocean, where Lo is the north-south = 
extent of the gyre and a is the Earth’s radius. Even though the — iS 


no lateral boundaries, and 




















Fig. 4 The potential vorticity of 
the constant potential density layer 
p = 26.5-27.0% (a) and p=27.0- 
27.3% (b) in the North Atlantic 
(107! cm™!s“'). The upper layer 
exhibits nearly homogeneous q 
within the circulation gyre, with a 
steep discontinuity at its equator- 
ward edge. The lower layer, at the 
base of the wind gyre, shows. 
evidence of flow pathways connect- 
ing the sea surface at high latitude 
(shaded) with the deep thermocline 
levels in the subtropics. The lo 
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Fig.5 As in Fig. 4, but for the North Pacific. c, Shows in addition 
the depth (in metres) of the surface mapped in a. Again the 
wind-driven subtropical gyre is homogenized in potential vorticity 
across its entire span. A strong gradient separates this from the 
northern (subpolar) gyre at the upper level (a). A tongue of high 
values of q enters the gyre on its eastern side. It is a shallow 
thermohaline circulation driven from the north, yet is guided by 
the q and u fields of the wind gyre, with which it mingles. The 
disappearance of the ‘tongue’ is clear evidence of the mixing of 
potential vorticity laterally or vertically by eddies. The deeper 
_ layer (b) is virtually homogenized across both of the principal 

circulation gyres, in the absence of the strong thermohaline circula- 
tion seen in the North Atlantic. Small variations of q remaining 
in the gyre are reliable features, which may provide constraints on 

the flow. 






“source regions for these water masses may be extensive, the 
theory suggests that they are pressed into narrow streams on 
the eastern sides of the oceans (a/Lo has been called the 
‘recirculation index’, for it measures the amount of ‘round-and- 

‘round’ flow in the gyre, relative to the amount injected from 
the upper boundary layer. In this circumstance the newly enter- 

ing fluid is joined by a greater stream emanating from the 
western boundary current. Entry of both chemical tracers and 

q thus resembles a forced convection problem, in which mixing 

between newly entering and older waters determines the distri- 

utions deep in the interior. An interesting new numerical model 
that exhibits all these effects in the context of a steady circulation 
with strong diffusion but no eddies has been developed by Cox 

. and Bryan’’. The choice of model configuration (mixing rates, 
- layer depths) in the vicinity of the outcrop lines is crucial to the 

















‘trophy’ elevates the role of the western boundary current, which 
heme for calculating the circulation by down 
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global solution.). This simple result of geometry and ‘geos- North Pacific (Fig. 5a, c) again has a maximum depth of 0 


| _ 600m. In this much larger ocean we see even more d 
-joins the lesser flux of newly injected waters, It suggests that a homogenizati 


Oceanographic observat 
Earlier works®? described the 
North Atlantic. Here we concentrati 
levels and compare observations of the North 
those of the North Pacific, and with theory and nume 
experiments. The data set is the 1°-global time-avera 
ensemble of Levitus'*, with 5° smoothing. Comparison. wi 
more refined sections and surveys* has shown the essent 
features to be reproducible. Boundary currents and other mies 
scale features are smoothed over here, but they require specia 
treatment in any case, owing to the lack of relative-vorticity data 

The two intervals are p = 26.5-27.0%, corresponding to th 
middle depth of the subtropical wind gyres, and p = 27.0-27.3%0 
which corresponds to the base of the wind gyre. Potential 
vorticity is calculated as f6p/5z where Sp is the surface-refer- 
enced potential density increment and 6z is the vertical distance 

between top and bottom levels of that increment. _ ii 

Mid-depth in the wind-gyre. Figure 4 shows the Potential 
vorticity field for these two surfaces in the North Atlantic. The 
shallower (26.5-27.0) layer (Fig. 4a) lies just below the deepest | 
penetration of wintertime convection, except at its outcrop line 
near 40° N. The first impression is that, indeed, the q distribution 
is greatly altered by the circulation. Furthermore, it is here that 
the conditions for expulsion of gradients of q seem best to be | 
met and, indeed, the gyre is dominated by nearly uniform 
potential vorticity across its entire width. In a state of rest, the 
potential vorticity 8y would more than double across this span 
of latitude, but the circulation-induced deformation of density 
surfaces almost exactly cancels this gradient. There are smaller 
systematic variations of q within the gyre”, perhaps representing 
the ‘coloration’ of the gyre by the western boundary current 
and deep convection. yp a ee 

At this level the recirculation index, described above, is mod 
erately large (3-5, say). Consistent with this emphasis on 
round-and-round nature of the circulation is a recent radi 
chemical analysis of Sarmiento’” who finds that the amount 
tritium entering the gyre is too great by a factor of 3-5 te 
accounted for by simple Ekman pumping (that is, the 
velocity multiplied by the observed surface tritium conce: 
tion, integrated over the outcrop ‘window’). This sug 
lateral mixing processes, and possibly cross-frontal 
mixing, are strong, and indeed overwhelm the laminar pic 
of gyre ventilation. As we remarked earlier, the mot 
region for the invasion of the gyre to occur is where the er 

ing western boundary current ‘grazes’ the upper surface. 

injected into the gyre, the fluid makes several circuits a 

the gyre before exiting. Its typical north-south velocity gre: 

exceeds the velocity which would be required by mass-fi 




































































































gyre and about 10 for the inner, intense recirculation in th 
western North Atlantic.) 


The corresponding (slightly lighter) density surface in 
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dip and hump in the isopycnal surfaces clearly outline the 
subtropical and subpolar gyres, respectively. At 150° E longi- 
tude this ‘bubble’ extends to perhaps 1,500 m depth, in accord 
with refined estimates of the penetration depth’, and in agree- 
ment with Coats”? analysis of two particular density sections. 
_ There are, however, important differences between the two 
oceans. In the North Atlantic the entire subpolar gyre above 
_p=27.2 is seasonal. That is, winter surface densities are gen- 
erally greater than this value. Consequently, the subpolar gyre 
js missing from Fig. 4a, and the outcrop window lies at the front 
etween the two gyres. By contrast, the analogous surface 
ensity in the North Pacific has far less exposure to the atmos- 
phere. The outcrop region stippled on Fig. Sa is confined to a 
relatively small region in the north-west. Because the boundary 
between the gyres lies along the dividing line between upward 
‘and downward Ekman pumping, it is clear that no simple, direct 
-ventilation of this density surface is possible, by the mechanism 
_of wind-driving. It remains for vertical mixing and lateral eddy 
processes, of the type envisaged in the homogenization theory 
and the numerical simulations, to bring the potential vorticity 
_of the gyre to equilibrium. 
Particularly relevant to ventilation mechanisms is a narrow 
‘tongue of high-potential vorticity water entering the subtropical 
-gyre on its northeastern side, at 100-400 m depth. The narrow- 
ness of this flow is consistent with the dynamical arguments 
above, which would have the entering fluid pressed up against 
the eastern boundary. In this case the tongue is a part of the 
“rather weak, shallow thermohaline mode of the Pacific in which 
fresh, highly oxygenated waters from the far north penetrate 
- equatorward. (Salinity and oxygen maps are consistent with 
our dynamical maps.) This mode of circulation is clearly affected 
-by the wind gyre, and may, in fact act as a small perturbation 
to it, flowing along isostrophs determined principally by the 
wind circulation. 
-The largeness of q found in the subpolar gyre is a distinctly 
\ermohaline aspect of the North Pacific. A light, fresh layer of 
ater lies in the top 150 m, due to the excess of precipitation 
evaporation (the evaporation being noticeably less at com- 
Jle latitudes in the Pacific than in the Atlantic, because of 
warmer surface waters of the Atlantic). The density surface 
n here lies at the base of this layer, in a sharp halocline. 
dp/dz values are correspondingly high. 
recipitation and attendant vertical mixing act as a strong 

ce of potential vorticity in the northern gyre of the North 
fic. Potential vorticity is consequently not homogenized in 
northern gyre, for the ‘source-free’ assumption of the 
dtl~Batchelor theorem is violated. Also, the high values of 
northern gyre q are not efficiently communicated to the 
ropical gyre lying to the south; the ‘impedance’ of the gyre 
oundary is too great, eddy mixing and persistent thermohaline 
irculation causing only a weak tongue of large q to penetrate 

the south. Other chemical tracers show this same contrast 
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Fig. 6 Meridional (latitude versus depth) sections of the potential vorticity (solid) and potential density (dashed) in the North Pacific. a, 

50° E longitude; b, 150° W longitude. The polar front weakens noticeably as one moves eastwards. The wind-driven circulation reaches at 

east 1,500 m depth, and involves extensive homogenization of q on the constant-p surfaces. The greater fraction of constant-p surfaces fails 
to make contact with the sea surface anywhere in this ocean. 


shown in Figs 4b and 5b. In the North Atlantic this range of p 
(27,0-27.3) reaches the sea surface near the boundary between 
subpolar and subtropical gyres, and extends down to 800m 
depth in the core of the recirculation. Despite the weakened or 
non-existent Ekman pumping, both potential vorticity and pas- 
sive chemical tracers succeed in flowing along north-south run- 
ning paths, created in part by the presence of the wind gyre 
overhead. Evidence from tracers suggests principally southward 
flow, although at the next level below, a northward return may 
occur at the eastern side of the ocean to feed the Nor- 
wegian/Greenland Sea sinking regions”’. The great penetration” 
southward along these geostrophic contours (indeed, so much 
so as to produce small potential vorticity ‘mode waters”’°) again 
emphasizes that the principal ventilation mechanism is not 
simple laminar Ekman pumping. 

The corresponding surface density in the North Pacific, by 
contrast, is everywhere shielded from direct influence of the 
atmosphere (ranging from 500 m depth in the subpolar, north- 
ern gyre to 900 m depth in the core of the subtropical gyre). 
Yet, paradoxically, the wind gyres are far stronger and more 
extensive at this depth than in the North Atlantic. The sub- 
tropical circulation cannot be driven by the ‘direct ventilation’ 
mechanism here, or even on the shallower surface described 
above. Eddy stresses are, instead, a prime candidate. With the 
sources and sinks of potential vorticity correspondingly weak, 
lateral eddy stirring is apparently capable of mixing efficiently 
across the gyre boundary (as well as maintaining the vertical 
structure of the gyres). Both subpolar and subtropical gyres 
equilibrate at a single, uniform value of q, extending over 25° 
55°N latitude, and across the full 10,000 km breadth of the” 
ocean. The great span in both vertical and horizontal of this 
massive homogenization is evident in the meridional sections 
(Fig. 6). In the westernmost section (at 150° E longitude) there 
is an isolated minimum of potential vorticity (the 20 —contour) 
corresponding to the mode water, analogous to the 18 °C water 
of the Atlantic!®. The spatial extent of such thermohaline 
features is quite limited in the Pacific. 


Numerical simulations 


The potential vorticity structure acts as a sensitive point of E 


comparison between theory, numerical simulations and observa- 
tions. Its relationship to the intensity of the flow, the mechanisms 
of injection of boundary conditions, and equilibration by eddy 
mixing, and its quasi-conservative ‘tracer-like’ nature make it 
an effective field to study, extending the basic dynamic topogra: 
phy maps. 


Complementing the eddy-free, diffusive simulations with high ' 


vertical resolution and surface buoyancy forcing (see discussion 
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Ge ‘Fig.8 Scatter plot of q against for the mean fields on an interior 


~ Jayer (the third level of the current model). The pattern of a cross 


shows that either y vanishes (where the fluid is motionless) or Vq 


vanishes (where the gyres are homogenized). 


— js driven at its surface by a symmetrical double-gyre wind stress, 
__ producing a western boundary current, its eastward extension 


at the middle latitude of the basin, and a Sverdrup regime in 
__ mid-ocean. There is no thermal forcing of the system and such 
-a model does not allow for the outcrop of isopycnal surfaces; 
that is, all layers but the uppermost are ‘buried’ and feel the 
influence of the wind forcing only by way of eddy processes”. 
__ The eddy field arises due to a combined baroclinic/ barotropic 
_. instability of the eastward jet, baroclinic instability of the tight 
westward recirculation that develops, and baroclinic instability 
of the distant westward return flow analogous, for example, to 
the North Equatorial Current. Very high horizontal resolution 
_ (~20km) is needed to model these eddy generation processes 
~ adequately. 


The experiment was carried out as an initial-value probiem 


in which the ocean is spun up to a statistical equilibrium and — 


the final state examined in terms of time-averaged mean fields 


2 (5-yr averaging time) and the deviations from them. The 
equations are just the quasi-geostrophic equivalent of the poten- 
tial vorticity equation for an eight-layer ocean. The dissipation 





— a is modelled by a biharmonic lateral friction, —AV°p, in all layers 
and by a bottom friction --£ V7, that exists in the lowest layer 


Eis 


only. For boundary conditions on the side walls we take the 


_ streamfunction = constant (though a function of z and t), and 
Yy =Vty=0. 


Figure 7 shows maps at several levels in the model: the mean 
streamfunction # (Fig. 7a) and the mean potential vorticity q 


(Fig. 7b). The first, third and fifth of the eight levels are shown, 
“corresponding to mean depths of 150, 850 and 1,750 m, respec- 
tively. The isopycnal depth of the middle level is shown in Fig. 


7c, and the instantaneous potential vorticity of that level in Fig. 
7d. Note first the nature of the mean circulation. In the upper 


ayer the streamfunction shows the surface circulation to consist 
of twin gyres with a well-defined western boundary current, 
ward extension, an inertial recirculation near the jet and a 
oad Sverdrup return flow. These are all features common to 
earlier calculations, but the two- and three-layer models were 
sufficiently resolved in the vertical to define the three- 
mensional shape of the gyres. 
< At upper thermocline depths (Fig. 7a) the subtropical gyre 
has shrunk considerably poleward; the western boundary cur- 
rent and recirculation persist but are reduced in intensity. 























inally, below the thermocline only the recirculation is present 


‘the mean. The 200 cm s™* eastward jet is far more baroclinic 
han the 25cms~' westward recirculation, in accord with 
bservations and the nature of the ‘barotropization’ process in 
ratified rotating fluids. Both the intensity of the circulation 
id the geometry of the free jet separating the ma jor gyres are 

neral accord with observations. - = | 
re 7b shows the patterns of pots 


~ produced by the dyna: 














7 mical a in 
the model. In the upper lays ry 
sharp frontal feature at the location of the eastward jet, as well 
as something of the gyre structure. The reversal of 49/dy in the 
distant westward return flow, coupled with the generally positiv 
sense of ag/ay at deeper levels, suggest conditions favourabl 
to baroclinic instability on the outer flanks of the gyres. Eddies 
are indeed generated in that region though the eddy energy 
there is an order of magnitude smaller than in the vicinity of 
the eastward jet. ; 

In mid-depth layers (Fig. 7b) a vast region of homogenized 
potential vorticity exists. In this calculation the homogenized 
volume persists through several layers, representing a range of 
depths from just below the surface layer to the base of the 
thermocline (300-1,200 m). Below the thermocline the region 
of homogenization is reduced in size to coincide with the deep 
inertial recirculation. 

The maps in Fig. 7b reveal that the sharp front in the upper 
layer is present in both instantaneous and mean potential vor- 
ticity. In the layers below (Fig. 7d) the instantaneous q is quite 
uniform (as expected from eddy-stirring arguments), yet we see 
streamers being swept into the region by the free jet. The 
tortuous deformations of the geostrophic contours are a familiar 
signature of the enstrophy cascade, and they emphasize the 
turbulent nature of even the outer reaches of the gyres. They 
are also evidence of the eddy momentum transport that drives 
the gyres to equilibrium. Figure 8, a plot of mean q and mean 
y for all the points in layer 3, shows the strong tendency for 
either & or Vg to vanish. 

Finally, we consider the map of the depth of the middle density 
surface (Fig. 7c). Note the greatly different impression of the 
deep circulation given by the map of h and the maps of y. The 
former is, of course, a measure of dy/dz, the vertical shear of 
the circulation, and contains the same information as maps of 
dynamic topography. The gyres defined by h are much broader 
than the actual flow gyres, which contain a strong barotropic 
component. The parallel with our observational experience is 
clear: features like the westward inertial circulation are seen by 
current meters and floats more readily than in dynamic topog- 
raphy charts. 

Although this simulation is highly idealized, it bears several 
points of resemblance to the field observations presented above. 
The vast pools of homogenized potential vorticity in the wind 
gyres strongly resemble those found in the Atlantic and Pacific. 
Near the surface there is a strong ‘throughput’ of potential 
vorticity due to forcing, in both model and oceans. A sharp 
front-like gradient of potential vorticity occurs at the gyres 
boundary in the Pacific (Fig. 5a) and in the model, (Fig. 7b) 
which expresses the impedance of the gyre boundary to eddy 
transport of g. At deeper levels in the Pacific, and in the model, 





the gyre boundary is invisible in the q distributions, with far . 


weaker forcing and damping of q, eddy transport successfully _ 
mixes both gyres to the same value. The regions of reversal of 
the mean gradient of q, indicative of baroclinic instability, are 
similar in the model and in the oceanic observations (Fig. 7b; 
the relevant upper level maps are not shown here). 

’ We feel that the three techniques of theory, analysis of 
observations, and numerical experiment described here have 


shown unusually close correspondence. A far closer synthesis a 
of models and observations may now be possible than previously - Fa 


obtained. The kinematic and dynamic pictures of the oceans, as 
seen in trace chemistry and potential vorticity maps, respe 
tively, complement one another strongly. Beyond the maps o 


the mean q field described here, it is clear that constructing 


maps of the instantaneous q field reveals much about the waves- 
and geostrophic turbulence that dominate the transient energy 
spectrum of geophysical fluids’***. This technique, coupled with 
a lagrangian (particle-following) description, is of great potentia: 
value in dynamical studies of the oceans and atmosphere. 
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In rats with hereditary hypothalamic diabetes insipidus ( Brattleboro rats) the gene for the vasopressin precursor lacks a 
single G residue in the protein-coding region. The mutation gives rise to an open reading frame predicting a hormone 


precursor having a different C-terminus. 





STUDIES of hereditary hypothalamic diabetes insipidus in 
mutant (Brattleboro) rats show that these animals lack the 
hormone vasopressin as well as its corresponding neurophysin 
carrier’’*. Hence, resorption of water in the distal kidney tubuli, 
which is controlled by vasopressin, is greatly impaired. There- 
fore, animals with this disease show a high water uptake accom- 


> panied by excretion of an excessive amount of dilute urine. 
These symptoms can be reversed, by administering arginine 
vasopressin (AVP) subcutaneously”. 


In normal rats the vasopressin gene is transcribed in magnocel- 
‘lular neurones in both the supraoptic and paraventricular nuclei 
of the hypothalamus*; the synthesized precursor is packaged 
into neurosecretory granules ; and transported axonally in the 
stalk to the posterior pituitary*”. It is now clear that the precur- 
- sor consists of the hormone, its neurophysin carrier and a 
glycoprotein of as yet unknown function”. 
In Brattleboro rats, neurones of the supraoptic and paraven- 
tricular nuclei are hypertrophied" and those cells believed to 
“produce vasopressin lack normal neurosecretory granules’; 
instead, these cells produce smaller, dense-cored granules 


. which suggests that, nevertheless, the machinery for packaging 
< secretory material is intact. As small granules have been 


... observed also in normal rats it appears unlikely that they contain 
a mutated vaso ressin precursor. A candidate for this role, 
2 “Tr, COL he ‘peptide X’ isolated in small quantities 
r ro rats and which has neurophysin- and 
ma iike immunoreactivity*. This peptide is not glyco- 
~sylated. 
~ Production of oxytocin, the other neurohypophyseal hormone 
- which is synthesized together with a second neurophysin carrier 
as a composite precursor'®'’, seems to be unaffected by the 
Brattleboro mutation. The observed lower levels of oxytocin in 
the neurohypophysis of Brattleboro rats are probably due to 
smotic stress, as normal levels are restored when the animals 
are treated with vasopressin’? 
> To elucidate the molecular basis of the genetic defect in 
vasopressin production, we studied rats homozygous for diabetes 
insipidus. Based on recent studies, the gene for the vasopressin 
precursor in normal rats is interrupted by two intervening 













Inc honat domains of the precursor—vasopressin, neurop 


sequences which separate three distinct exons encoding the three” 


To determine whether the mutant vasopressin. gene is. tr 








for the oxytocin gene except that a sequence encoding a gly- 
coprotein is absent’’. It is possible to derive from these genes — 
DNA probes which are specific for vasopressin or oxytocin and 
hence can be used to discriminate between the two genes. = 

We report here the identification and sequence analysis of | 
the vasopressin gene from rats with diabetes insipidus. D 


Isolation and sequence analysis 


To identify the mutant gene, liver DNA from Brattleboro rats 
was cleaved with different restriction enzymes, blotted according _ 
to Southern’? and hybridized to a °*P-labelled DNA fragment _ 
encoding the vasopressin precursor from normal rats. Our | 
earlier restriction analysis of the normal rat gene with restriction _ 
enzymes EcoRI and HindIII revealed bands of 8.2 kilobases — 
(kb) and 3.8 kb, respectively, both containing the complete _ 
vasopressin gene’. The Southern hybridization patterns of DNA 
fragments from normal and Brattleboro rats are- identica 
(Fig. 1). 

For further analysis, the 8.2-kb EcoRI DNA fragment from 
Brattleboro rats was cloned in the A phage 641. Plaques (2 x 10° 
were screened with the DNA probe encoding the vasopressin 
precursor. Five plaques gave a positive hybridization signal. Th 
Hindi DNA fragment of one of the identified clone 
subcloned in the plasmid pUC8, mapped with res 
enzymes and sequenced according to the method of Mz 
Gilbert'*. Figures 2 and 3 show that the sequences of thi 
vasopressin genes from normal and Brattleboro rats are iden 
except for a deletion of a G residue in the second exon encodi 
the highly conserved part of neurophysin. This deletion causes 
a shift in the reading frame, predicting a vasopressin precurso 
having an entirely different C-terminus. 

To exclude possible cloning artefacts, another of the fiv 
identified A phage clones, in which the inserted DNA was 
the opposite orientation, was analysed without prior subcloning 
Part of the HindIII DNA fragment of this clone containing t 
site of deletion was directly sequenced and gave the same res 
as in Fig. 2. 
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"Fig. 1 Hybridization of a **P-labelled vasopressin DNA probe 
to genomic DNA, digested with different restriction endonucleases, 
from normal and diabetes insipidus (D.L) rats. 

“Methods: The homozygosity of Brattleboro rats (obtained from 
Holland Centraal Proefdierenbedrij, Zeist, The Netherlands) was 
checked by measuring water uptake and excretion over several 
days. High-molecular weight DNA was prepared from the rat 

liver?!, then 10 pg were digested with the indicated restriction 

endonucleases, electrophoresed on a 0.8% agarose gel, denatured 
and transferred to nitrocellulose sheets essentially as described by 

Southern!?. Hybridization was performed at 65 °C with the ‘2p. 
labelled subclone pVAHindIII] comprising the entire vasopressin 

gene from normal rats’. In the hybridization conditions used only 
the vasopressin, not the oxytocin, gene gave a positive signal. The 

nitrocellulose blots were washed at 65°C with 0.1 SSC, 0.1% 

SDS and exposed to X-ray film for 3 days. 


hypothalamic poly(A)” RNA was separated on agarose gels in 
denaturing conditions, blotted onto a nitrocellulose filter and 


c -hybridized to a vasopressin-specific DNA probe’. As shown in- 


“Fig. 4a, the vasopressin mRNAs from both normal and Brattle- 
boro rats migrate with a size of ~ 700 nucleotides. This strongly 
suggests that the primary transcripts are similarly spliced in 
normal and Brattleboro rats. Normal and diabetes insipidus rats 
contain comparable amounts of vasopressin and oxytocin pre- 
cursor-specific mRNA. The sizes of AVP mRNA (700 bases 
and oxytocin mRNA (650 Lases) are not altered in the case of 
the mutant rat (Fig. 4a, c). 

The start site of transcription of the normal vasopressin gene 
as been determined by $, nuclease mapping’. Besides the start 
ite beginning with an A residue, a second protected fragment 

vas observed, indicating microheterogeneity of the mRNA. $, 
napping of the mRNA from Brattleboro rats gave identical 
esults, excluding the possibility of alternative transcription start 
sites which could affect the secondary structure of the mRNA 
and thus its translation efficiency. 
To show that the single base deletion determined from the 
equence studies of genomic DNA was also present inthe mRNA 
coding the predicted precursor, poly(A)” RNA from Brattle- 
oro rats was analysed by an oligonucleotide hybridization assay, 
which allows the detection of a single mismatched base pair’”. 
‘An 18mer oligonucleotide (5’~CAGCGGCCTCGCTTCCGC- 
3') was synthesized that is complementary to the altered 




















equence in the Brattleboro rat, with nine nucleotides both 
upstream and downstream of the deletion site, thus differing 
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Fig. 2 Gene sequence analysis indicating the site of deletion in 
the diabetes insipidus rat. The DNA sequence is given below the 
autoradiogram of the gel, showing the deletion of a single G residue 
(arrowed in the autoradiogram). D.1., diabetes insipidus rats. 

Methods: The 8.2-kb EcoRI DNA fragment from Brattleboro 
rats (Fig. 1) was cloned into the insertion vector A641 (ref. 22). 
35 pg of liver DNA were digested with EcoRI and run ona 0.8% 
low melting point agarose gel. DNA fragments of 7-9 kb (according 
to the ethidium bromide-stained marker DNA) were extracted 
with phenol/chloroform and ligated into the single EcoRI site of 
A641 which can accept inserts of up to~ 11 kb**. The recombinant’ 
DNA was packaged in vitro using a kit (Amersham). When using 
Escherichia coli POP 13b as the indicator strain, only recombinant 
phages yield visible plaques. After transfer of 2 x 10° plaques to 
nitrocellulose sheets, hybridization with a **P-labelled vasopressin 
DNA probe’ yielded five clones containing the 8.2-kb fragment. 
Two types of clones were identified by restriction mapping as 
containing the insert in both orientations. The 3.8-kb HindIII 
fragment was cut out and subcloned in the plasmid pUCS8. A similar 
sublcone was obtained from a genomic library of normal rats’. For 
sequence-comparison between the normal and Brattleboro rat 
gene, the sequencing reactions?’ and the sequencing gels were run 

in parallel. 





18mer oligonucleotide shows that only the mRNA from Brattle- 
boro rats gave a positive hybridization signal (Fig. 4b). Thi 
experiment independently confirms at the mRNA level t 
single deletion identified in the Brattleboro rat gene sequence. 







In vitro studies 


As the Northern blot analysis indicated a similar sized mRN, 
from both normal and mutant rats, attempts were made to study 
expression of this gene in a heterologous system. Microinjectio 
of the vasopressin gene from normal and Brattleboro rats 


the nucleus of frog oocytes and dot-blot analys 
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Fig. 4 Northern blot analysis of poly(A)” RNA from normal (N) 
and diabetes insipidus (D.1.) rats. Hypothalami from normal and 
_.-. Brattleboro rats were homogenized in guanidinium thiocyanate 
and the RNA purified by centrifugation through a CsCl cushion”®. 
— Polyadenylated RNA was prepared by oligo(dT)-cellulose 

“chromatography. Poly(A)” RNA (5 pg) was separated in denatur- 
ing conditions on a vertical 1.2% agarose gel containing 10 mM 
methylmercuric hydroxide and transferred to a nitrocellulose filter 
using 3 M NaCl, 0.3 M Na-citrate (20xSSC). The blot to be 
hybridized sequentially with the AVP or oxytocin (OT) probe was 
prehybridized overnight in 50 % formamide, 50 mM Na-phosphate 
pH 7.0, 0.9 M NaCl, 5 mM EDTA, 0.1% SDS, 1x Denhardt’s 
and 500 pg ml! denatured herring sperm DNA at 42°C (ref. 
24). The first hybridization (a) was carried out in the same condi- 
tions using 10° c.p.m. mI~! of the *?P-labelled 670 base pair-long 
insert of the AVP-specific subclone pVA PstI’. The nitrocellulose 
filter was washed for 20 min at 42 °C and then for 20 min at $0 °C 
using the prehybridization solution without Denhardt's and herring 
sperm DNA and finally for 20 min in 0.1% SSC, 0.1% SDS at 
50°C. After dehybridization by washing the nitrocellulose filter 
in 3XSET, 50% formamide, 1 x Denhardt’s, 0.1% SDS at 68°C 
for 1h, a second hybridization was done in the conditions described 
but now using the 22P-labelled 650 base pair-long Aval-EcoRI 
restriction fragment (¢) specific for the rat oxytocin gene’'. For 

the oligonucleotide hybridization (b) the 18mer 5- 

CAGCGGCCTCGCTTCCGC-3' (Applied Biosystems) com- 

plementary to the Brattleboro DNA sequence around the deleted 
> G residue (Fig. 2) was labelled with [y--PJATP by T4 kinase 
© (specific activity 6.3 x 10° c.p.m. wg '; Boehringer) and separated 
from the other reaction products as described by Kidd et al”, 
After prehybridization in 4x SSC, 0.1% SDS, 1x Denhardt’s, 
10 pg ml”! denatured herring sperm DNA, 10 mM EDTA at 
= 35°C for 1h, the Northern blot was hybridized with the °P- 
~ Jabelled 18mer oligonucleotides in the same solution (10° c.p.m. 
‘mi™') at 35°C for 48h. The blot was washed in four changes of 

| 5x- §SC, 0.1% SDS for 5 min each at 4 °C. 


































yave described the molecular basis for the hereditary defect 
vasopressin gene of rats with diabetes insipidus. The defect 
o eletion in the sequence encoding the neurophy- 
‘to an open reading frame. 
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Fig. § Comparison of the vasopressin precursors from normal 
(N) and diabetes insipidus (D.1.) rats deduced from gene structures. 
The negative number indicates the translation start site; the other 
numbers show significant positions within the prohormone: 1, first 
amino acid (cysteine residue) of the prohormone, 9-13, the amino 
acids Gly, Lys, Arg separating the hormone from the neurophysin, 
75-76, the start site of the new reading frame in the predicted 
D.I. precursor; 105, last amino acid residue of the neurophysin; 
107, first amino acid residue of the glycoprotein; 145, last amino 
acid of the prohormone, The basic amino acid (arginine) separating 
neurophysin and the glycoprotein, and the glycosylation site (Asn- 
Ala-Thr) are indicated. The vertical lines beneath {N) or on top 
of (D.1.) the precursor schemes show the positions of the cysteine 
residues. SP, signal peptide, AVP, arginine vasopressin; NP, 
neurophysin; GP, glycoprotein. 4, Partial amino acid sequence of . 
the vasopressin precursor from normal rats from residue 76 to 
residue 145 of the prohormone. Only those amino acids which 
occur at identical positions in both precursors are listed; dashes 
indicate residues which are different. b, Sequence comparison of” 
the region in which the neurophysin adjoins the glycoprotein 
including the glycosylation site (underlined). The latter is absent 
in the D.I. precursor; possible alternative processing sites are 
indicated by the two small arrows. 





conserved part of the neurophysin. Of 14 cysteine residues 
present originally in the neurophysin, five have been replaced 
by other amino acids (Fig. 5)—this should have a severe effect 
on the folding of the mutant neurophysin’®. 

The new reading frame of the mutant gene also predicts the 
replacement of a basic amino acid (arginine) normally separating. 
the neurophysin from the glycoprotein and which is known to 
direct proteolytic cleavage. An alternative cleavage site could 
occur at position 110 of the mutant precursor (Fig. 3, 5); thi 
would lead to a neurophysin-like protein extended for four 
amino acids. 

The failure to detect vasopressin and its associated - 
neurophysin'® and glycoprotein!” in Brattleboro rats by radio- 
immunoassays or by immunohistochemical studies could be 
explained by postulating that the mRNA is not translated or 
that any translation product either remains unprocessed or is. 
rapidly degraded. As the most significant change in the predicted = 
precursor sequence is the lack of a stop codon, protein synthesis 
may come to a halt. It may be that the vasopressin MRNA is... 
translated on the membranes of the rough endoplasmic 
reticulum, but because of the missing stop codon, the ribosomes 
cannot leave the mRNA. Whether such a halted ribosome- 
mRNA complex with a nascent, yet incomplete peptide chain 
may interfere with the synthesis of other secretory proteins can 
only be speculated. In this context it is interesting that t 
vasopressin-producing celis which also synthesize Leu- | 
enkephalin contain significantly lower amounts of this peptide. 
in Brattleboro rats". ae 

Alternatively, the predicted precursor may be synthesized bu 
in very small quantities. It is possible that ‘peptide X”'” isolated 
from Brattleboro hypothalami is identical with the predictec 
precursor, as it appears to have antigenic sites for vasopressi 
and neurophysin and lacks a carbohydrate chain. H- 
dicted precursor is in fact synthesized, lack of the gl 

as well as the drastically altered C-term 
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neurophysin may hinder its further packaging and processing in 
_ the neurosecretory granules. On the other hand, the modified 
C-terminus may have caused the neurophysin to have lost one 
of its supposed functions, namely to protect the hormone from 
proteolytic degradation’. 
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Episodes of mass extinctions on the Earth are now strongly suspec- 
ted to be cyclical’. We report here that our analysis of the data 
of Raup and Sepkoski' suggests that the dominant cyclicity in 
major marine mass extinctions during at least the past 250 Myr 
ds 3041 Myr, with the standard deviation of an individual episode 
being +9 Myr. We find this terrestrial cycle to be strongly corre- 
lated with the time needed for the Solar System to oscillate 
vertically about the plane of the Galaxy, which is 3343 Myr 
according to the best current astronomical evidence. It is argued 
that galactic triggering or forcing of terrestrial biological crises 
may arise as a result of collisions (or close encounters) of the 
Solar System with intermediate-sized to large-sized interstellar 
ze Clouds of gas and dust, which are sufficiently concentrated towards 
| the galactic plane to produce the observed cyclicity and its scatter. 





~ Among other consequences, a nearby interstellar cloud n ona 


gravitationally perturb the Solar System’s family of comets and 
thereby increase the flux of comets and comet-derived bodies near 
the Earth, leading to large-body impacts. We find a dominant 
cyclicity of 31+ 1 Myr in the observed age distribution of impact 
craters on Earth, the phase of this cycle agreeing with that shown 
-by the major biological crises. Our galactic hypothesis can thus 
Simultaneously account for the mean - interval between major 
_ terrestrial crises and for the 50% scatter of the time intervals 
- about their mean value. = 
Raup and Sepkoski' have very recently presented evidence 
for an approximate cyclicity in marine mass extinctions over 
the past 250 Myr. Fourier analysis of their data showed. a 
dominant periodicity of 30 Myr, a best-fit curve yielded a cycle 
f 26 Myr, and a non-parametric test (previously developed 
“independently and somewhat differently in ref.2) revealed a 
significant cycle at 26 Myr and an only slightly less significant 
cycle at 30 Myr. Using less extensive data, Fischer and Arthur’ 
had already suggested a 32-Myr periodicity in marine mass 
extinctions. oe N 
_ Which periodicity, 26 Myr or 30 Myr, should be preferred? 





York 10027, USA. 
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_.. the period of 30 Myr. There are additional reasons for ow 


* Present address: Department of Geological Sciences, Columbia University, New York. New. ae preference: first, other kinds of geological data (including 4 
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LETTERS TO NATURE 


Raup and Sepkoski listed all discernible mass extinction peaks 
that exceeded 2% extinctions on a family level. As they were | 
well aware, however, there are a number of uncertainties in their 
selection procedure. First, 2% may be too small tobe statistically 
meaningful; Raup* elsewhere suggested the use of 10% - Second, | 
there are several minor fluctuations on the time curve of mass 
extinctions, some of which Raup and Sepkoski selected as true 
peaks and others they rejected as spurious peaks. Third, as the _ 
resolution in time is only one geological stage, other individual 
minor mass extinction episodes may exist at the substage level. 
In view of these uncertainties: concerning identification and | 
significance, we consider it best to follow Raup* and adopt a 
cutoff of 10% extinctions, while disregarding all the minor | 
inflections on the curve. The large remaining peaks then refer 
exclusively to the major mass extinction episodes and can be 
assumed to be completely sampled. They are listed in Table 1- 
(where the dates have been slightly revised according to ref. 5)... 
Nine dates appear in this table, in contrast to the 12 listed by 
Raup and Sepkoski. eT eS 
intervals of time between successive episodes of major mass — 
extinctions lie in the range 17-53 Myr, with mean time interval 
29 Myr. We regard the large (50%) dispersion as physically real, 
although some of it must be due to uncertainties of the dating. _ 
Reasons given below suggest that the dispersion is randomly 
generated. If, however, a true underlying mean periodicity does __ 
exist and no major mass extinction episodes are either missing _ 
or redundant, we can unambiguously assign a cycle number to _ 
each episode (Table 1). Non-parametric tests (like those in refs 
1, 2) are then no longer appropriate. Regression of the episode 
date on the cycle number by the method of least squares provides 
an unbiased estimate of the best-fitting mean period; which 
found to be 30+ 1 Myr. If other recently proposed geological 
time scales are adopted’, essentially the same mean period 
emerges. This invariance is not surprising because the ce 
limit theorem ensures that the presence of even rather la 
random errors in the dates will not significantly affect eith > 
mean time interval or the best-fitting least-squares period: =" 
If the cycle number is left as a free parameter, the best-fitting 
mean period P derived from a suitable non-parametric method’, 
in which the observed times are fitted to a formula of the type 
! = to + nP, is 26 Myr, where t, to and n are an observed time, 
most recent epoch and an integer, respectively. This would agri 
with Raup and Sepkoski’s' result. However, Raup and Sepkos 
have emphasized the approximate nature of any period that ca 
be derived from so few data points. We prefer, in fact, the 
assignment of the cycle numbers as given above and therefore 































dated impact craters) show periods of 30-35 Myr, and, second, 


m0 


the larger variance produced with the longer period actual 


appears to have a natural physical basis, as will be discussed 


below. ad ee DEROS 
A cyclicity of the specific length and rough regularity shown 
“by the marine mass extinction’ data is difficult to reconcile with 
“a purely terrestrial triggering mechanism'*. There is also no 
‘known solar mechanism that could operate on this long a time 
scale’. A galactic mechanism therefore appears to be the most 
likely. A number of cycles ranging from. 100 to 900 Myr (refs 
- 8-13), are associated with the slow revolution of the Solar System 
in the plane of the Galaxy about the galactic centre. These 
cycles, however, are much too long to explain the 30-Myr spacing 
of the major extinction episodes. _ | 
“Several authors'*"'* have pointed out that the Solar System 
also executes a nearly periodic motion perpendicular to the 
galactic plane (in the z direction). Innanen et al.’ have calcu- 
lated the Sun’s orbit backward in time in a simple, but physically 
reasonable, model of the Galaxy, and have found the average 
period for one complete vertical oscillation to be ~67 Myr. They 
remarked (as had Hatfield and Camp’) that a period of this 
length is similar to the known lengths of the geological periods. 
‘The physically meaningful cycles, however, are the dynamical 
“half-periods, P,,.~33 Myr (plane crossing to plane crossing). 
The calculated ‘crossing times of Innanen et al. are given in 
Table 1. 

For a slowly moving object like the Sun, the vertical oscillation 
is essentially a simple harmonic motion governed by the local 
galactic mass density po. Innanen ef al. adopted po = 0.20 M, 

pe’, which agrees with recent values of pọ = 0.14-0.21 M, pe? 
determined from dynamical studies of nearby stars”. By using 
the harmonic relation P,;2 p6” = constant, we estimate the pos- 
sible error associated with P,,.= 33 Myr as less than +3 Myr. 

The galactic time series in Table 1 can now be compared more 
rigorously with the terrestrial mass extinction time series. The 
correlation coefficient computed for the two time series in 

columns 2 and 3 of Table 1 is very high (r = 0.996). Student's 
t-test for matched pairs?” (successive time intervals matched 
between columns 2 and 3) confirms that the mean time interval 
in the terrestrial series does not differ significantly from the 

~ mean time interval, or half-period, of galactovertical oscillation 
(the probability that t= 0.91 with 7 d.f. is p = 0.40). No mean 

_ phase difference between the two series is detectable, but some 

-individual phase differences are large. Both the tight mean 
correlation and the significant individual phase differences sug- 
gest the following astrophysical model. 

Passage of the Sun through the galactic disk involves the Solar 
System in varying amounts of diffuse interstellar material whose 
density falls off roughly exponentially above and below the 
galactic plane, 


/N(z)= Noexp (-l21/B) (1) 


_ But the Sun’s total vertical trajectory is only ~70 pc (ref. 13), 
which is less than the vertical scale height B ~ 120 pc for ordinary 
`- interstellar gas and dust clouds” (n = 10'~10* particles cm~*)** 
and less than 6 ~ 100 pc for the clouds ejected by supernova 
: -explosions’**°. Therefore, the Solar System has an almost con- 
stant probability of hitting one of these clouds. Because of this, 
no real periodicity between encounters with either ordinary or 
= supernova-produced clouds could exist. Moreover, significant 
collisions. with supernova ejecta would probably occur less 
‘frequently than once every 50 Myr (refs 27-30). Giant molecular 
clouds (with n> 10° particles cm~?) are more closely concen- 
rated towards the galactic plane (B= 15 pe assuming B= 
-2°/2(72)1/2)31, but their encounters with the Sun are expected 
‘to occur less frequently than once every few hundred Myr (refs 
6, 32, 33). 
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- Unless the giant molecular clouds’ or other very dense inter- 
tellar clouds” are much more common than presently thought, 


he most like! ly perturbing objects are intermediate-sized clouds. 


hese have n=10?~10° particles cm™*, radius R = 3-6 pc and 
mass M = 10°-10° M, (ref. 24). They seem to be adequately 
concentrated to the galactic plane, with £ ~ 44 pe (ref. 31). They 


















(Myr B ») of terrestrial ‘and galactic events 


‘Galactic 
Mass plane Cycle | 


Geological age' extinctions" crossings? Difference no, 


Middle Miocene 11* ~Q +11 
Late Eocene 37 31 +6 
Maastrichtian 66 64 +2 
Cenomanian 91 100 -9 
Tithonian 144 135 +9 
Bajocian 176 166 +10 
Pliensbachian 193 197 ~4 
Norian 217 
Dzhulfian 245 259 ~14 

DOE aaa 
The mass extinctions listed here are the major events discussed in the 

text. Mass extinction dates have been revised after ref. 5. Columns 2 

and 3 are not expected to agree in detail, for reasons given in the text. 
* The magnitude of this episode is uncertain. | 
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Fig. 1 Terrestrial impact craters: the square of the residuals index 

(defined in ref. 2) as a measure of the goodness of fit for trial 

periods that have been fitted to the observed age distribution of 
41 craters over the interval t = 1-250 Myr (ref. 49). 


also appear to be more or less uniformly distributed along the 
galactic plane’; at least they do not show the strong concentra- 
tion to spiral arms that is characteristic of the largest clouds””. 

To obtain a direct comparison with the vertical distribution 
of the clouds, the amount of time spent by the Sun at different 
intervals of height above or below the galactic plane is shown in 
Table 2: this has been computed by using an analytical integral 
of the galactovertical orbit equation” : 


t(z) = (Pr /2/ 7) sin™ (2/ Zmax) (2) 


One-third of the Sun’s time is spent at |z|>60 pc. This almost 
guarantees an approximate cyclicity in the long-term rate of 
collisions with intermediate-sized and large-sized clouds, which 
will occur preferentially at lower |z| distances, although not 
always in the galactic plane itself. Using the cloud statistics of 
Talbot and Newman”, we estimate about | collision per solar 
passage through the galactic disk. If only tidal (near) encounters 
with clouds have to be considered, the rate will, of course, be 
higher. Rh e ae 
The one-third of the Sun’s time that is spent farthest from the 
galactic plane is expected to be associated with only 20% of all 





Seeger 


the collisions and tidal encounters with clouds whose B = 44 pe, 


but 33% if B » 70 pe. From the data in Table 1, we find that 11% 
(1 out of 9 as compared with the expected 2 out of 9) among th 
major terrestrial extinction episodes actually occur at this 
unfavoured time. Within the statistical uncertainty, the agree- 
ment with our model is good. | 
Although the Sun at present lies very close to the galactic 
plane (8 + 12 pc north), itis passing through a locally poorregion = 
of gas and dust”*”. It is expected to move out of the region after 
~3 Myr, at which time it will again become vulnerable to- 
encounters with the intermediate-sized and large-sized interstel- 
lar clouds. | | | et a 
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Table 2 Relative amounts of time spent by the Sun in successive 
intervals of galactic height 


|z| 

(pc) Tl ee åt/ Piz 

0-7 0-0.1 0.06. 

714 0.1-0.2 0.06 
14-21 0.2-0.3 0.07 
21-28 0.3-0.4 0.07- 
28-35 0.4-0.5 0.07 
35-42 0.5-0.6 0.08 
42-49 0.6-0.7 0.08 
49-56 0.7-0.8 0.10- 
56-63 0.8-0.9 0.12. 
63-70 0.9-1.0 0.29 


Two consequences of collisions and tidal encounters with 
such clouds that may have large ultimate biological impact have 
been suggested, First, if actual penetration of the cloud occurs, 
the cloud particle density of n > 10° cm™° would probably shut 
off the solar wind at the Earth’s distance, as Begelman and 
Rees*® have shown. Such a cloud could then directly pollute 
the Earth’s upper atmosphere with hydrogen gas, leading to a 
variety of possible climatic effects *'. A larger cloud density 
of n>10° cm? would also raise the Sun's luminosity sig- 
nificantly through gravitational accretion and so would directly 
affect insolation on the Earth*'*. To traverse a cloud of radius 
5 pe at a relative speed of 20 km s™' requires 0.5 Myr. 

Second, and probably more importantly, even if an actual 
collision with a cloud does not occur, the cloud’s huge mass 
would gravitationally perturb the Solar System’s inner reservoir 
of comets** (as well as the surrounding Oort® comet cloud) and 
so focus a shower of comets on the innermost regions of the 
Solar System. According to equation (11) of Hills*?, comets 
having semi-major axes equal to the outer radius (~2 x 10° AU) 
of the inner cometary reservoir will burst into the vicinity of the 
Earth’s orbit if an interstellar cloud of mass 10°—104 M, 
approaches within 5-15 pc of the Sun. (Smaller interstellar 
clouds, because of the diffuseness of their mass, could effectively 
perturb only the Oort comet cloud and therefore would focus 
only a few comets to small perihelion distances, while significant 
encounters of the Sun with passing stars would occur only once 
every 500 Myr.) According to data from Hills, during the calcu- 
lated 10 Myr lifetime of the expected comet shower* , probably 
one large comet and several smaller comets would hit the Earth. 
. Collision of a comet or a comet-derived asteroidal body with 


T the Earth could have severe biological (and other geological) 


consequences****, | 

Grieve? has recently compiled the ages of all dated 
Phanerozoic (younger than 600 Myr) impact craters. By applying 
the above mentioned non-parametric method of time-series 
analysis* to the data in his Table 1 and text and excluding ages 
given only as upper limits, we find strong signals at periods of 
31, 5 and ~50 Myr, as shown in Fig. 1 for the time interval 
t = 1-250- Myr. These periods are significant at the 1% level, as 
we have determined by generating and analysing with the same 
method 5,000 random time series containing the same number 
of dates. The two periods of 5 and ~50 Myr are artefacts 
produced by the rounded numbers given for the ages of (mostly 
older) craters; 61% of the 41 crater ages (f= 1-250 Myr) are 
divisible by 5, while 22% are divisible by 50. The spectral peak 
‘around 31 Myr, however, is consistently high in all of our time- 
series tests, which include the ranges t = 1-250 Myr (41 craters), 
t = 30-250 Myr (29 craters), t = 1-600 Myr (62 craters) and t= 
250-600 Myr (22 craters). | 

Some of the craters in the Grieve data set are likely to have 





been the result of impacts by asteroids of non-cometary origin. — 





However, at present, it is not possible to distinguish between 
the two types of craters, In any case, non-cometary impacts 
Should be randomly distributed in time and hence should 
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_E.M. Shoemaker for a critical review. Our work was su 






















Table 3 Summary of the mathematical solutions for terrestrial 
galactic periodicities a 





Episodes 


Terrestrial 
Mass extinctions (> 10%) 
Impacts > 
Galactic = = o0 
Galactic plane crossings 13 










Terrestrial dates have been revised after ref. 5. Values or the: 


of the associated errors. 
* Estimated error. 


-recent epoch are not significantly different from 0, in view of the size 


the occasional cometary impacts that do not originate from 
comet showers: oN 
The distribution of the younger crater ages suggests that 
multiple impacts occurred around 15, 38, 65 and 100 Myr ago, 
as Seyfert and Sirkin”? originally proposed. In view of the known | 
dating uncertainties, the dates of these impact episodes are in 
reasonably good agreement with the dates of the mass extinction - 
episodes of Table 1. oe 
Comet or asteroid impacts have already been inferred. from 
the discovery of geochemical anomalies occurring at the time | 
of the late Cretacebus (66 Myr) extinctions? which included — 
the disappearance of the dinosaurs, and at the time of the late | 
Eocene (37 Myr) extinctions****. Several microtektite layers 
have also been discovered in the 10-Myr interval between 40. 
and 31 Myr ago”*, Similar geochemical anomalies and microtek- 
tite layers should exist at other relevant boundaries. © = = 0o 
If the geological consequences of episodic impacts go beyond 
immediate effects, as some authors have suggested**~*’ we pre- 
dict that other kinds of terrestrial data should also show a mean 
periodicity of ~30 Myr. With similar techniques, a periodicity _ 
of 34 Myr has recently been found in the pattern of geomagnetic 
reversals”®. Furthermore, we predict that when better extinction — 
data for Palaeozoic times become available, the dominant cycle _ 
of major mass extinctions in these earlier times should be 
~30 Myr. More speculatively, if one accepts our hypothesis that _ 
the basic pacemaker for biological extinctions is the Sun’s ver- 
tical oscillation through the Galaxy, our line of reasoning can | 
be reversed and we may refine the dynamical half-period of | 
galactovertical motion near the galactic plane by using the ter- 
restrial results summarized in Table 3. We then find Pg= _ 
30+ 3 Myr (estimated uncertainty). This seems to support a large _ 
local dynamical mass density of po =0.2. M. pe’, Whether this 
in turn implies the existence of ‘missing matter’ in the solar — 
vicinity’ is still uncertain. A last point worth considering for _ 
its philosophical implications is that the present mechanism _ 
should be operating at roughly the same driving frequency _ 
throughout the galactic disk. CV 
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Raup and Sepkoski’ have recently reported evidence for a 
26-Myr periodicity in the occurrence of mass extinctions based 
on a study of marine fossils. The data baseline of 250 Myr 
suggests events of variable amplitude, with some of the strongest 
peaks associated with boundaries between major geological 
periods which have been defined by previous palaeontological 
studies. In a more limited quantitative study, Fischer and 
Arthur’ earlier cited evidence for a 32-Myr period of major 
extinction events. Hatfield and Camp? were among the first to 
suggest that mass extinctions might be correlated with periodic 
- galactic phenomena, noting intervals of 80-90 Myr between 
major mass extinctions with an exceptionally strong mass extinc- 
tion every 225-275 Myr. Here we point out a possible corre- 
lation between the 26-Myr extinction period and the Sun’s 
oscillation about the galactic plane. 
Due to the disk-like mass distribution of the Galaxy, stars in 
-the disk (including the Sun) experience a restoring force towards 
. the galactic plane which gives rise to harmonic oscillation per- 
< pendicular to the galactic plane. Stellar velocity distributions 
= have been used empirically to derive the force law in the galactic 
~ planet. Oort calculated a period of the Sun's ‘z-oscillation’ on 
the order of 68 Myr and an amplitude of ~100 pc on either side 
‘of the midplane of the Galaxy™®. More recent work by Bahcall’ 
indicates a slightly stronger force law in the galactic plane 
‘than that derived by Oort, suggesting an oscillation period of 
~62 Myr. Hatfield and Camp cited earlier work of Trumpler 
and Weaver? which suggested a period of 80 Myr for the oscilla- 
‘tion, close to one of the major mass extinction intervals. In 
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intervals to the period of the Sun’s revolution around the 
centre of the Galaxy. | 

In considering the Sun’s harmonic oscillation about the galac- 
tic plane, it is important to recognize that the Sun crosses 
midplane twice in each period, and similarly that it reaches 
maximum distances from midplane twice each period. Thus any 
correlation relating to the Sun’s position in this oscillation might 
well involve half the oscillation period, or ~31 Myr. The dis- 
crepancy of 5 Myr with the Raup and Sepkoski figure’ may not 
be significant in view of the uncertainties associated with estab- - 
lishing each of the periods. In using the Harland time scale for 
their data set, Raup and Sepkoski recognized the difficulties in 
establishing an absolute time scale on the basis of a combination 
of chronostratigraphical sequences and radiometric dating. At 
the same time, the derivation of the force law in the galactic 
plane relies on assumptions involving isotropy of the stellar 
z-velocity distributions. Although isotropy may be indicated by 
z-velocity distributions of nearby catalogue stars within the local 
standard of rest (LSR), the LSR could itself possess a z~oscilla- 
tion which, superposed on the solar oscillation, could yield an 
effective solar half-oscillation of <31 Myr. We suggest that 
present uncertainties would easily allow equal periods of 
~30 Myr for the geological data as well as for the solar 
oscillation. 

What circumstances could trigger the mass extinctions as a 
function of the Sun’s galactic z-position? Passage of the Sun 
through dense dust clouds located at midplane could in principle 
provide a perturbing effect on the solar irradiation of Earth, 
thus initiating climatic changes which would affect the biosphere. 
However, there is no astronomical evidence for a widespread, 
flattened dust distribution of sufficient opacity to trigger such 
an effect with each solar midplane passage. Moreover, data 
suggest that the Sun is presently only ~8 pe north of the mid- 
plane of the Galaxy’. As the Sepkoski and Raup analysis indi- 
cates that we are presently about midway between mass extinc- 
tion episodes (the two most recent episodes were ~11 Myr and 
38 Myr in the past), this would suggest that the episodes are 
triggered as the Sun approaches its extreme positions away from 
the galactic plane. The exceptionally strong extinction event at 
65 Myr (the Cretaceous-Tertiary boundary) could have resulted 
from the superposition of the impact of an asteroid on the longer 
time scale periodic extinction which was near maximum at the 
time. This would account for the fact that significant faunal 
extinctions in excess of those expected from the level of back- 


ground extinction seem to have been well underway before the .... 


deposition of the iridium layer attributed to the impact'”"?. 

What other agents of the galactic environment might serve 
to modulate evolution in the biosphere? Hatfield and Camp? 
suggested that geomagnetic field reversals might be triggered 
by variations in the galactic magnetic field as the Solar System 
moves through the galactic plane. At times of null magnetic 
field strength during the reversals, the increased cosmic ray flux 
at the Earth’s surface could imperil the biosphere. To our 
knowledge, however, there is no evidence for a periodicity of 
~30 Myr in geomagnetic field reversals. Moreover, the galactic 
magnetic field is six orders of magnitude weaker than the 
geomagnetic field, and in view of the fact that the magnetic flux 
associated with the solar wind at Earth is greater than the galactic 
magnetic flux, it is difficult to understand how the galactic field 
could perturb the geomagnetic field. 

There are two components of the galactic environment which 
might be expected to undergo substantial changes from the point 
of view of a star oscillating through a distance comparable to 
the scale height distribution of interstellar matter. First, elec- 
tromagnetic radiation in the 2 keV-1 eV range is strongly ab- 
sorbed by interstellar material which in general obscures sources 
located more than 1 kpc from the Sun. If a source of radiation 
is located at midplane at a distance D from the Sun, and if the 
extinction law can be written | 


x, (z) = x, (0) exp (~2/L) (1) 
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where L is the scale height of interstellar matter, the specific 
intensity of the source as observed from the Sun’s present 
location near midplane (z = 0) will be 


T,(0) = Io.. exp[~«,(0)D] (2) 


_ where Ip, is the specific intensity at the source. For a position 
. one scale height above midplane (z = L), it can be shown that 
the observed intensity is approximately 


I,(L) = [,(0) exp [x,(0)D/e] (3) 


where we have used the condition D » L. Of special significance 
is the energy range 2-0.1 keV (soft X rays) where increasing 
flux is coupled with rapidly increasing optical depth. Using the 
cross-sections of Brown and Gould!? and a column density of 
hydrogen of 6x 10°*cm™’, characteristic, for example, of the 
distance to the galactic centre, optical depths are found to 
increase rapidly for photons with energy <1 keV: r=7 at 
1.5 keV, r= 12 at 1.0 keV, and 7 = 42 at 0.6 keV. Equation (3) 
indicates that an optical depth [«,(0)D] of 20, for example, 
would lead to an enhancement by a factor of ~1,600 in the 
intensity observed at L in comparison with midplane. The 
integrated soft X-ray flux from the diffuse galactic X-ray back- 
ground'’, from discrete sources such as supernova remnants, 
and from the galactic centre'* could thus undergo a considerable 
increase as the Sun approaches a distance comparable to L 
(~125 pc) ° from midplane. 

A second component of possible significance is the galactic 
_ cosmic-ray distribution. The distribution of cosmic rays with 
= height above the galactic plane is unknown. However, if the 
cosmic rays are confined by the galactic magnetic field, and if 
the galactic magnetic field is tied to interstellar material, then 
cosmic rays should have a distribution similar to that of interstei- 
lar material. Thus at a scale height above the plane the cosmic- 
ray flux might be expected to be less than at midplane. Cosmic 
rays, like soft X rays, play a part in the ionization balance of 
the upper atmosphere, and in this case one might expect a 
decrease in the average ionization state as the Sun approaches 
the extrema of its oscillation. It is not clear whether changes in 
X-ray flux or changes in cosmic ray flux (which are both absorbed 
at high altitudes) would dominate. 

Because of the harmonic nature of the oscillation, the Solar 
System would be expected to spend most of its time away from 
the midplane of the Galaxy. In particular, roughly 4.7 Myr would 
be spent within 10 pe of each extremum. Changes in cosmic 
rays in response to variations in solar activity are widely thought 
to correlate with terrestrial climate cycles'*’® although the 
mechanisms for such a relation are not understood. If such 


-| “correlations are real, it is not unreasonable that long-term 


changes in these fluxes due to the Sun’s z-oscillation could 
produce significant alterations in the biosphere. 

We thank Drs Raup and Sepkoski for making a preprint of 
their work available, and for pointing out the earlier work of 
Hatfield and Camp. 
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Raup and Sepkoski’~’ have recently reported evidence fora 26-Myr ; 
cycle in biological mass extinctions which, if real, requires an 
astronomical explanation. Here we investigate a model in which 
this extinction cycle is associated with the orbital period of a solar: 
companion star. The required semi-major axis is (a), semi-major 
axis) = 8.8 x 10° AU = 1.4 light yr. Its highly eccentric orbit (e, = 
0.9) periodically brings the companion into the dense inner region 
(<2 10* au) of the comet cloud where it perturbs the orbits of 
large numbers of comets, initiating an intense comet shower‘ in the 
Solar System which results in several terrestrial impacts over a 
period of 10°—10° yr. The companion probably has a mass in the 
black dwarf range of 2x 107* to 7x 107? Mo, depending on its 
eccentricity and the density distribution of comets in the inner 
cloud, and is potentially observable in the infrared. vee 

The putative extinction period, although uncertain by as much 
as 7 x 10° yr (ref. 1), places the companion roughly near aphelion 
at the present epoch. The aphelion distance is Q, =a (0 + e,) = 
2a, ~ 1.8 x 10° AU, which is near the outer boundary of the Oort 
comet cloud. Fossil evidence for the extinction cycle extends 
back 2.4 x 10° yr or 10 companion orbital periods. We consider 
first the long-term stability of the required orbit against perturba- 
tions due to the galactic nucleus, field stars and giant molecular 
clouds (GMCs). 

The time-averaged separation radius is* (ra) = a,(1 +3 ie~ 
1.Sa, = 1.3 x 10° AU, which is compatible with the limit of =2 x 
10° AU imposed by the galactic field perturbation’. The time 
scale for the dissolution of the solar-companion binary due to 
stellar encounters is° 


MotM 
t~ 17x10 (724M) yr (1) 


where the stellar masses are in solar units and the semi-major 
axis is in AU. Assuming the companion’s mass M, is « Mo and 
setting a = 8.8 x 10° AU yields t = 2 x 10'° yr. A somewhat shorter 
time scale is obtained using the mean specific energy transfer rate 
of ~107'? m? s™? at 10° au given by Bailey’. 

Although ‘ie companion’s energy and hence semi-major axis 
and orbital period are not expected to change significantly over 
an interval of ~10° yr, the eccentricity and perihelion distance 
gy, = a,(1 —e,) are more easily altered by stellar perturbations. 
In the context of a model for the density distribution of comets 
in the inner cloud (discussed below) the maximum perihelion 
distance is constrained by the required number of shower comets 
to be <8.8 x 10° AU, corresponding to e, = 0.9. Beginning with 
e, ~ 1, the change in perihelion distance in successive orbits is 
a random walk process with secularly i increasing mean perihelia. 
In an equivalent problem, Fernandez’ has calculated the mean 
eccentricity é of comet orbits as a function of their semi-major 
axis (assumed approximately unchanged) for several different 
time intervals. Beginning with an initial eccentricity e= 1, Fer- 
nandez finds that é is essentially unchanged over 10° yr indep 
dent of the semi-major axis, but significantly changed (é= 0. 
over 10’ yr for a= 8.8 x 10 AU. These results depend on 
r.m.s. change in angular momentum (or velocity) per o 
various estimates ™”™ °? differ by as much as an order of magn 
In view of this uncertainty, we conclude that the comp: 
eccentricity need not necessarily change appreciably (tha 


















Ae<0.1) due to stellar perturbations over 2.4 x 10° yr although 
a significant decrease would be expected over the age of the 
Solar System. 

The most serious long-term threat to the companions stability 
may be perturbations due to the passage of giant molecular 
clouds of mass ~10°-10° Mo within a few tens of parsecs of 
the Sun every ~1!0* yr (ref.7), which is comparable to the 
required lifetime of the present orbit. Comets (and a low-mass 
companion) at r= 2x 10° AU may be disassociated from the Sun 
by such an encounter. Thus, before the last encounter with a 
GMC, the present Oort cloud comets (and companion) must 
have been in closer solar orbits*’. (This assumes that comets 
and the companion are primordial and have not been captured 
from interstellar space or from GMCs'':'*.) To have survived 
this encounter, the companion’s semi-major axis must previously 
have been <8.8 x10* AU. In connection with this evolutionary 
scenario, Bahcall and Soneira’? found that ~15% of the stars 
they surveyed were binaries having projected separations of the 
order of 2 x 10* Au. The apparent absence of significant numbers 
of binaries with projected separations greater than this safe limit 
may be explained by encounters with GMCs over the lifetime 
of the binaries*. Our hypothesized solar companion may have 
been in a similar orbit at <8.8x10* AU during most of the 
lifetime of the Solar System. The last close encounter with a 
GMC did not completely disassociate the companion from the 
Sun but left it in its present eccentric and loosely bound orbit. 
Alternatively, though less likely, the companion may have been 
captured during, or subsequent to, the last encounter with a 
GMC. 

The occurrence of a brief but intense comet shower due to 
the rare (and random) passage of a field star within 2 x 10* AU 
of the Sun has previously been investigated by Hills’. The 
existence of a dense inner core of comets within this distance 
has been proposed as a source to replenish comets ejected by 
encounters with GMCs*”'*. Comets from the dense inner cloud 
are normally unobserved because distant stellar perturbations 
are not effective in randomizing their orbits and maintaining a 
filled loss cone. Hills estimates that the number of comets in 
the inner cloud may be several orders of magnitude more than 
the number in the observed Oort halo(~ 10''). A solar mass field 
star passing the Sun with impact parameter b can randomize 
comets with semi-major axes a = b. Once randomized, the frac- 
tion of comets having semi-major axes a and perihelia q is 
==2q/a, if q« a. 

In the numerical example considered by Hills, a 1 Mo star 
of velocity 30 kms ' passes the Sun at b = 3 x 10° Au. (The mean 
interval between such encounters is 5 x 10° yr.) The resulting 
average comet flux in the inner Solar System (q <2 AU) was 
estimated to be 10*yr7'+1h~'. The duration of this shower 
was 710° yr and the total number of shower comets was 
~7 x10". The corresponding expected number of terrestrial 
impacts is ~4x7 x10" P, where P; is the impact probability per 
perihelion passage for a random long-period Earth-crossing 
comet which makes on average four perihelion passages’. 
According to Weissman'*, P,~ 2x 10~" and we could therefore 
expect ~50 terrestrial impacts from this shower. Of course, the 
poorly known mass distribution of comets has not been taken 
into account and the estimated impact number would be accord- 
ingly scaled down for massive comets (producing craters = 
100 km, say) and scaled up for less massive comets (producing 
craters < 10 km, say). As noted by Hills, the resulting environ- 
mental stress may be expected to significantly affect the distribu- 
tion of species. 

Hills’ impulse analysis cannot be taken over directly in the 
case of a low-mass bound companion. Here we consider the 
limit of the two-body problem of the scattering of comets by 
the companion and neglect the relatively small acceleration 
given the Sun by the companion. The two-body approximation 
is valid for the scattering of comets which come within the 
companion’s sphere of action radius d = rM \/3 where r is the 
Sun-—companion separation and M, is the mass of the com- 
panion in solar units. The fraction of comets within this distance 
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which will be scattered into orbits with perihelia =q is =(2q/r). 
The rate at which these comets are scattered is 


N = now (=) (2) 


Here n=n(r) is the number density of comets, 7 = ard” is the Ls i 


effective total two-body scattering cross-section and u is the 
relative velocity between the companion and comet. 

The number density of comets can be expressed as n(r)= 
C(p)r?~4 where p is the model index’. In the following analysis 
we adopt the index p = ~1/2 which is equivalent to the power 
law model used by Hills* and discussed by Bailey’. In this 
model n(r)=2 x10" r745 AU’, where r is in AU. The relative 
velocity u is related to the heliocentric circular velocity at r by 
u = Uv, where v is in units of AU yr™' and U is a geometrical 
factor which depends on (a/r), the eccentricities of the com- 
panion and comet orbits, and on the relative inclinations of 
their orbital planes’®. For all encounter radii and eccentricities 
of interest, U ~2. Making these substitutions in equation (2) 
gives 


N ~6.3 x 10'°gM2/?r-* comets yr (3) 


where q and r are in AU. 
Integrating equation (3) around an elliptical orbit yields 


N =3.2x10°qM? a7 fle) comets perorbit (4) 
where q and a, are in AU and 


p 2 3 
kaoa ts (5) 


(= e2)” 


Setting q=1 AU, ap =8.8x10° au and N25x10° gives the 
required companion mass as a function of eccentricity 


M, >22 X10fle >” (6) 


The fact that the companion has not yet been identified suggests 
that its mass may be below the minimum mass of =0.07 Me 
required for hydrogen ignition. Inserting this mass into equation 
(6) gives e„=0.9. A rough lower mass limit can be estimated 
by imposing the condition that the total mass of comets in the 
inner cloud be <300 Mẹ or =2x10° comets, assuming an 
average comet mass of 10'’g. This limit has recently been 
inferred by Bailey on the basis of IR observations'’. In the 
context of our model for n(r), the total number of comets in 


the inner cloud is «1.7 x10" rai’, where rmin (in AU) is the 


effective inner boundary of our model cloud. Setting the total 
number of comets = 2 X10"? gives fmin 2 10° AU, which is the 


value suggested by Hills*. We now require qy > Tmin OF €x © 0.98. 
Inserting this eccentricity into equation (6) yields a lower limit 
of M, 22.410", which is somewhat less than the mass of 
Saturn. 

The fossil record requires that the duration of the shower be 
less than a few million years. The strong radial dependency of 
N in our model means that there will be a non-negligible 
contribution to the shower only near perihelion passage and for 
all perihelia of interest the characteristic time scale is < 10° yr 
(including four return passages). Other less condensed comet 
cloud models (that is, p > 0) were found to be inconsistent with 
either the required number of comets or the shower duration 
time scale for M, 0.07. 

As previously noted, if the time scale for encouters with GMCs 
is less than the age of the Solar System the companion must _ 
have been in a closer orbit at an earlier epoch. If the earlier 
orbit was approximately circular at 2 x 10° Au, say, then for 
M, = 0.07 and q = Qjoss = 15 AU, the number of comets lost per 
orbit would have been <10°. Assuming that the companion was 
in this orbit for ~4 x 10° yr, the total number of comets lost to 
15 AU would have been <10% of the estimated current number 
of ~2x10° assuming p=~1/2. We note that a companion- 
induced asymmetry in the inner comet cloud might be of interest 
in connection with the well known anomalous residuals in the 
motion of Neptune, as discussed recently by Bailey in the context 
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of a symmetrical comet shell model'*. The contribution to 
terrestrial cratering while in this orbit is found from equation 
(3) with q = 1 Au. For M, <0.07, N <66 comets yr`', which is 
not significantly greater than various estimates of the current 
flux. These crude estimates are model-dependent and are only 
intended to show that the suggested evolutionary scenario is 
. not necessarily in conflict with the present existence of the inner 
cloud and the cratering record. A detailed analysis of the evol- 
ution of the comet cloud plus companion is beyond the intent 
of this paper. 

As noted above in connection with Hill’s analysis, the intrinsic 
mass distribution of comets is uncertain. Density functions 
implicitly refer to observable comets of average size since nor- 
malization is based on the estimated number of observed long- 
period comets per year. Here we assume (as did Hills) that the 
relevant average-size comet has a radius of ~I km and that the 
estimate of ~5 x 10° comets per impact applies to this average 
comet. Qualitatively, we expect that there are intrinsically many 
more comets of smaller size. For every | km comet that strikes 
the Earth there will statistically be numerous smaller impacts, 
as observed in the cratering record. A large 10 km comet will 
similarly require on average more than ~5x10° comets per 
impact. We thus anticipate a variation from cycle to cycle in the 
magnitude of the biological extinctions, depending on the 
maximum size impact comet as well as variations in the com- 
panion’s perihelia. However, each cycle could always produce a 
number of collisions with <1 km comets. The size and number 
of comets necessary to significantly perturb the biosphere is 


“" uncertain'®, although in the case of the major Cretaceous- 


Tertiary extinction, estimates suggest that the impacting body or 
bodies had the equivalent mass of a single ~ 10 km asteroid or 
comet". 

A black dwarf at a distance of (r,) = 1.3 x 10° AU is potentially 
observable in the IR (for example, see refs 19-21). Such objects 
evolve along a vertical Hyashi track in the HR diagram until a 
final radius of ~0.1 Ro is reached, after which they cool radia- 
tively”. For example, a dwarf of mass 0.02 Mo and age 5 x 10° yr 
has an absolute 2.2~4m magnitude of 21.3 (refs 19, 22) and a 
corresponding apparent magnitude of 15.3 at 1.3 x 10° Au. The 
entire black dwarf mass range could similarly be observed at 
this distance. A recent search for black dwarfs around nearb 7 
stars concluded that these objects must be rare as companions’ 
However, the area searched around the candidate stars was 
65x65 arcs or typically <10° Au and more distant dwarfs (as 
well as dwarfs at distances = 10 arc s) were not excluded by this 
search. Although the companion’s orbital period, semi-major 

‘axis, eccentricity, present distance and mass are all reasonably 


© bracketed by the model, its orbital inclination and aphelion 


- direction are unknown. Nonetheless, the companion is expected 
to be sufficiently bright in the IR for it to be observable in a 
full sky survey at the appropriate wavelength. The recent IRAS 
survey has thus far not found a tenth planet or solar companion, 
however most of the data analysis is still in progress” 

The 2.6 x 10’ yr extinction period has not as yet been detected 
in the: cratering | record (see below) on the Earth or Moon, 
although there is some evidence for a mean interval of 5 x10’ yr 
between major impacts****. Finally, we note that the various 
arguments”"?** invoked to exclude the existence of an 
hypothesized*’ solar companion at ~10° AU are not applicable 
to the much more distant low-mass companion considered here. 

Since submission of this paper we have received a preprint 
from Alvarez and Muller’’ reporting the discovery of a periodic- 
‘ity in the terrestrial cratering rate with a period and phase that 
closely match the extinction period. The cratering period has 
subsequently been confirmed in an independent analysis by 
D. Raup and J. Sepkoski (personal communication). 

We thank Dr John J. Matese for helpful discussions and 
Dr M. E. Bailey who made several valuable suggestions. 
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A 26-Myr periodicity has recently been seen in the fossil one 
of extinction in the geological past’. At least two of these 
extinctions are known to be associated with the impact on the 
Earth of a comet or asteroid with a diameter of a few kilometres 
(refs 2, 3). We propose that the periodic events are triggered. 
by an unseen companion to the Sun, travelling in a moderately 
eccentric orbit, which at its closest approach (perihelion) passes 
through the ‘Oort cloud’ of comets which surrounds the Sun 
(ref. 4; see ref. 5 for a review and ref. 6 for a more recent 
analysis). During each passage this unseen solar companion 
perturbs the orbits of these comets, sending a large number of 
them (over 110°) into paths which reach the inner Solar 
System. Several of these hit the Earth, on average, in the 
following million years. At present the unseen companion 
should be approximately at its maximum distance from the Sun, 
~ 2.4 light yr, and it will present no danger to the Earth until 
approximately AD 15,000,000. 

The possibility that major extinctions occurred i in a. periodic 
manner was suggested by Fischer and Arthur’, who believed 
that the periodicity was driven by a terrestrial mechanism, but 
it was only the detailed statistical analysis of Raup and Sepkoski’ 
that eliminated many questions regarding systematic bias. They 
weighted each of the 39 customary stratigraphical stages accord- 
ing to the percentage of families in the preceding stage that 
were extinct in the following stage. A 26-Myr period is evident 
in the weighted data, and this period was shown by Fourier 
analysis and Monte Carlo simulation to be statistically significant 
with a confidence level better than 99%. The boundaries 
separating stages with large family extinctions are termed 
‘extinction events’, although there is no direct evidence that the 
extinctions actually occurred at these boundaries. Large excesses 
of iridium had been found near two of these boundaries by 
Alvarez et al.?°, who concluded that the events were triggered 
by the impact of an asteroid or comet of a few kilometres 
diameter. Such impacts throw a large amount of dust. into t 










resulting lack of sunlight, temporary changes in aes = 
cation of rain, or by some combination of such factors”? 
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While impacts on the Earth by asteroids or comets provide 


plausible explanations for the individual events in which many 
species are extinguished, it is difficult to explain the precise 
periodicity of such collisions. Napier and Clube’? had proposed 
that periodic catastrophies could be triggered by the capture of 
comets as the Sun passed through the spiral arms of the Galaxy 
(for a more recent discussion, see ref. 11). However, it is difficult 
to reconcile the Napier-Clube model with the relatively stable 
periodicity discovered by Raup and Sepkoski, in which the last 
four of the extinction events occurred within 2 Myr of the time 
predicted by an exact 26-Myr cycle. In addition, as pointed out 
to us by the Alvarez group, their measurements of isotope ratios 
of iridium and rhenium imply that the material that hit the 
Earth was of Solar System origin. The oscillations of the Sun 
in and out of the plane of the Galaxy have a half-period that 
roughly matches that required, and one might hypothesize, for 
example, the presence of an extremely thin layer of debris in 
the galactic plane that is encountered by the Solar System on 
each passage. This has the same difficulty as the Napier—Clube 
model; it predicts impacts with extra-Solar System material. In 
addition, the Sun is presently near the galactic plane, moving 
upwards with the relatively high velocity of ~6 km s"'. As the 
last extinction event occurred 11 Myr ago, we are almost half- 
way between extinctions; thus we have the wrong phase for 
such an explanation. 

If we try to account for the periodicity by postulating an 
object that orbits the Sun and comes close to the Earth every 
26 Myr, perturbations from nearby stars will prevent the orbit 
from coming into the inner Solar System more than once. An 
object with this period has a large semi-major axis of 
~88,000 AU (where 1 AU is the mean Earth-Sun separation of 
1.5X10'3em=1.6107° light years). If this object passes 
within 10 AU of the Sun, then its orbit is highly elliptical, with 
an eccentricity greater than 0.9999. An equivalent way of saying 
this is to note that the object has very low angular momentum— 
this not only requires an unlikely fine-tuning of the orbit, but 
it is also unstable. Within one orbital period the gravitational 
perturbations of passing stars will cause the orbit to gain enough 
angular momentum to increase the perihelion distance to more 
than 100 AU, virtually eliminating its direct effect on the inner 
Solar System. 

However, an unseen solar companion need not come close 
to the Sun to perturb the cloud of comets that surrounds the Sun 
at large distances. Oort and others’ showed that there must 
be about 10'' comets in such a cloud with semi-major axis 
greater than or equal to 30,000 AU. There may be considerably 
more comets around the Sun than this, as comets with smaller 
orbits are not significantly perturbed by most passing stars and 
therefore would usually not be observed on Earth. Hills’? has 
estimated the total number of comets to be closer to 101°; even 
so, the total mass of these comets is probably less than that of 
Jupiter. The unseen solar companion would perturb such smaller 

-. orbits in a periodic manner even if its perihelion were as large 
as 30,000 AU. With a semi-major axis of 10° AU, the orbital 
eccentricity, e, is 0.7 or greater. Such an orbit requires no ‘fine 
- tuning’; in fact, one expects a distribution of eccentricities which 
"uniformly fill phase space to be flat in e*, with the fraction of 
_ orbits having eccentricity greater than e given by’? 


N/No=1-e? (1) 


_ "Thus the r.m.s. value of a random distribution of binary orbits 

-has a mean value for the eccentricity of (0.5)'/* = 0.7, and this 
eccentricity is adequate for our orbit. Of course, the larger the 
eccentricity, the shorter the duration of close passage to the 
~ Sun and the shorter will be the periods of maximum perturba- 
<. tion. However, no very tight bounds have been derived from 
. the fossil records on the precise localization in time of the 


: - extinction events, so eccentricities as small.as 0.7 are still poss- 
= ible. Passing stars will still perturb the orbit of this companion, 


but they will only gradually change the period and the perihelion. 
The present orbit, with a semi-major axis of 1 0° AU, will be 
> significantly disturbed and possibly disrupted on a time scale of 





_-~2x10° yr. (Different authors fir 







between 1 and 4x 10° yr; refs 13-15, This orbit has probably 
evolved through a stochastic process, perturbed by random 
passing stars, from an initial orbit with a shorter period and 
smaller semi-major axis. Over the past 2 x 10° yr the semi-major 


axis may have increased by ~ 10%, and the period by 15% (from: & 


Kepler's third law) as the orbital energy decreases linearly ono 
average'*!+, The uncertainties in the extinction dates are large 
enough to be compatible with such a drift in period. Once better 
data are available, it will be useful to test a parabolic fitting to 
the dates of major extinctions, although purely stochastic ‘jitter’ 
from individual stellar passages will always remain in the data 
even with absolutely perfect dating methods. 

What effect will a single passage of a solar companion have 
on the comets in the Oort cloud? We will follow the detailed 
analysis of Hills’? who considered the effects of random (non- 
periodic) stars passing close to the Sun. Normally the orbits of 
the comets are distributed isotropically within the cloud, except 
for orbits that enter the inner Solar System. Orbits which pass 
close enough to the Sun to be perturbed by Jupiter or Saturn 
(which have masses of order 107* Mo) are swept out of the Oort 
cloud, either ejected into hyperbolic orbits or captured into 
short period (recurrent) orbits. The region in velocity space that 
is empty because of this effect is known as the ‘loss cone’, and 
it contains all the orbits which reach the inner Solar System 
from the Oort cloud. When a star or other massive object passes 
through the Oort cloud, the orbits of the comets will be per- 


turbed and the loss cone will begin to fill. Hills showed that the aig 


fraction of the loss cone that will be filled is given by: 


(INMA (A (GM 
F(a) le) Ge) @ 


where M is the mass of the perturbing star, v is its velocity 
(assumed by Hills to be ~30 km s~™°), and P is its distance of 
closest approach to the Sun; Mo is the mass of the Sun, a is 
the semi-major axis of the comets affected, q is the minimum 
distance from the Sun that the comet must reach (1 AU if it is 
to hit the Earth), and G is the gravitational constant. Normally 
the Earth sits in the quiet ‘eye’ of the storm of comets, and the 
comets we see are those that have been perturbed into this 
normally quiet loss cone region by randomly passing stars. 
Hills analysed the particular case of a star with mass similar 
to that of the Sun passing within 3,000 AU of the Sun, an event 
that should occur roughly every 500 Myr. For this situation, 
each of the bracketed terms in equation (2) is of order unity, 





and the loss cone will be filled. In less than a hundred thousand: 


years a ‘shower’ of 10° comets will reach the inner Solar System. - 
Using the estimates of Weissman'® and Everhart’ ’ for the proba- 
bility of comets hitting the Earth, Hills concluded that for the 
duration of the shower (10°-10° yr), between 10 and 200 comets 
will hit the Earth. He mentioned the possibility that such a 
shower, triggered by the rare passing star that comes within 
3,000 AU of the Sun, could be responsible for the Cretaceous- 
Tertiary extinctions. 

One can arrive at a value similar to that of Hills for the 
number of impacts on the Earth from a comet shower from the 
following simple considerations. For a comet moving in an ellipse 
of eccentricity e and semi-major axis a, the distance of closest 
approach q is given by 


q a(l~e) (3) 


The fraction of comets with e between 1 and e is given b 
equation (2). Combining these two equations gives 


N/No=1~e?=1+(a—q)"/a~2q/a 


where we have neglected the term (q/a)’. Most of the No= 
10'3 comets in the cloud will be between 10° and 10° AU. 
Taking q=1 AU and a=10* Au, we find N=2x10° com- 
ets showering within the Earth’s orbit. (The number of comets 
that will reach Jupiter’s orbit at 5 AU is 10’°.) The probability 
that an individual comet will hit the Earth on a single pass is 
roughly the projected area of the Earth divided by the area of 
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its orbit, or 1.6 x 107°. Each comet will make, on average, four 
trips to the inner Solar System'’, and on each trip it has two 
opportunities to hit the Earth. Taking these values together, we 
find that the total number of comets expected to hit the Earth 
is 2X10°X1.6xX10°°x4x2=25. Of course this number 
depends directly on the number of comets in the inner part of 


` the Oort cloud, for which we have no direct evidence. 


Using equation (2) we now extrapolate from the case of a 
random passing star to the situation of a companion to the Sun 
passing within 30,000 Av at perihelion. The distance of closest 
approach P is now 10 times larger than for the random passing 


star case, but the velocity of a companion at this distance is 


~0.2 kms”, 150 times less than the velocity assumed by Hills. 
Thus, the loss cone will be filled for the same value of a, the 
comet semi-major axis, of 3,000 AU, and roughly the same 
number of comets will enter the inner Solar System and hit the 
Earth, that is, 10-200. Although the impulse approximation 
assumed by Hills breaks down here, the effect is still of the same 
order of magnitude. If the mass of the companion is much 
smaller than 0.1 Mo, the loss cone will not be completely filled 
and only a few comets will hit the Earth. Of course, our estimates 
are approximate, and we probably know the number of comets 
in the Oort cloud only within one or two orders of magnitude. 
The calculations do show, however, that the model is plausible. 
Fluctuations in the eccentricity of the orbit (and hence in the 
perihelion distance) could conceivably account for the slow 
overall modulation seen in the intensity of the mass extinctions. 
The major difficulty with our model is the apparent absence 
of an obvious companion to the Sun, and the existence of such 
an object is its most important prediction. We take this predic- 
tion seriously largely because of our inability to find any simpler 
explanation for the periodicity consistent with known facts. 
Unfortunately, the data are insufficient to allow us to determine 
where in the sky to look for the as yet unseen solar companion. 
The known stars nearest to the Sun have been discovered either 
because of their high apparent. brightness, their large proper 
motion, or their association with other nearby stars. Unfortu- 
nately, our proposed companion star is likely to have none of 
these characteristics. In his review of the known nearby stars?®, 
van de Kamp explicitly states that the existence of a “distant 
dwarf star companion (for the Sun) is not excluded”. 
Harrison’ considered the possibility of a nearby solar com- 
panion affecting apparent pulsar frequencies but his analysis 
indicated a star too close to the Sun to have the long period we 
require. (An additional analysis of Harrison’s suggestion can be 
found in ref. 20.) If the solar companion is a black hole or.a 
- brown dwarf (a small star which never heated to ignition tem- 


2 _ © perature) then it may be difficult to find. An intense X-ray and 


y-ray source, Geminga, has been proposed as an object that may 
be very close to the Sun, although the present limits place itat 
less than 1,000 light yr?’. If the companion is a hydrogen- 
burning M dwarf, its apparent magnitude will be between 4-and 
12. There are over 10° stars in the sky within this range, and one 
of them may be the Sun’s companion. The companion will have 
negligible radial velocity; from our estimate of its present dis- 


tance (2.4 light yr, calculated assuming that the mass of the star 
is substantially less than that of the Sun) we expect an annual 


parallax motion of +1.4 arc s and a proper motion of 0.01 arcs 
per year. The large parallax is probably the key to finding the 
star. The parallax and proper motion are not large enough for 
the companion to have been spotted in full-sky surveys that use 
large proper motion to identify nearby stars2. It is possible that 
‘ the companion may not have been identified as such even if it 
were as bright as 9th magnitude, and a careful search of star 
catalogues may provide some candidates, but we suspect that it 
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star systems. It is possible that the conditions which driv 
lution on the Earth are rarer in the Galaxy than: hac 
supposed previously. USERS 
The number of comets that arrive in a single show 
as much as one or two orders of magnitude greater than th 
number that arrive between showers. This has important impli 
cations for our understanding of Solar System physics and evol- 
ution. Since the comets fall in from many regions of the Oort 
cloud, their arrival in the vicinity of the Earth will be Spread 
out over a considerable period of time, perhaps a million years 
or more. Thus, we do not expect the periodicity in comet impacts _ 
to be exact, but instead it should have a slight ‘jitter’ or variability _ 
of about a million years. One should be able to find evidence | 
in the geological record, perhaps by looking for closely spaced _ 
iridium layers or by further studies of isotope ratios, that in the 
average extinction the Earth was hit by more than one comet. 
If and when the companion is found, we suggest it be named | 
Nemesis, after the Greek goddess who relentlessly persecutes — 
the excessively rich, proud and powerful. We worry that if the 
companion is not found, this paper will be our nemesis. = — 
After this paper was submitted, W. Alvarez and R.A.M.24 
found a periodicity in the ages of large impact craters on the — 
Earth, with a period and phase that closely match those of the | 
mass extinctions. In addition, we became aware of evidence in 
micro-tektite records”? that there were at least two separate 
impacts near the Eocene-Oligocene boundary. E 
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Recent evidence has indicated that the impact of a comet or asteroid 
may have been responsible for mass extinction at the ends of both 
the Cretaceous! and the Eocene“. Quantitative analysis by Raup 
and Sepkoskif showed that mass extinctions occur with a 26-Myr 
period, similar to the period seen in qualitative pelagic records by 
Fischer and Arthur®. To account for the possibility of periodic 
comet showers, Davis et al.’ proposed that such showers could be 
triggered by an unseen solar companion star as it passes through 
perihelion on a moderately eccentric orbit. To test a prediction 
implicit in this model we examined records of large impact craters 
on the Earth. We report here that most of the craters occur in a 
28.4-Myr cycle. Within measurement errors, this period and its 
phase are the same as those found in the fossil mass extinctions. 
The probability that such agreement is accidental is 1 in 10°. 
A recent compilation by Grieve” lists 88 dated craters for 
which signs of shock metamorphism suggest probable impact 
origin. The known craters are located primarily in stable, well- 
studied regions in North America, Europe, Australia and the 
USSR. There are no known impact craters on the sea floor. The 
list shows a strong bias towards recent craters, most of which 
will probably be removed by erosion in the near future; 12 of 
the 88 dated craters have ages within the past 5 Myr. 
We restricted ourselves to impact craters in roughly the range 
‘of ages in which Raup and Sepkoski saw the periodicity: 5- 
"250 Myr BP. The lower limit of 5 Myr was chosen to reduce the 
bias from the large number of craters surviving from the recent 
past. In order to be able to see periods as short as 26 Myr, we 
included only craters whose age uncertainty is <20 Myr. Table 
{ lists 13 craters that meet this criterion. There have been some 
improved measurements since Grieve’s compilation, and some 
older ages need to be revised on the basis of new standardized 
decay constants. After a search of the literature we developed 
our own revised values for the crater ages and their uncertainties; 
these are listed in Table 1. To avoid any possibility of bias, 
however, we confined the bulk of our present analysis to the 
values given by Grieve rather than our own. We discuss later 
the effect on our analysis of using the revised numbers instead 
of Grieve’s values. 
In Fig. la a rectangle of unit area has been used to represent 
each crater having a diameter >10km. (We will discuss the 
‘sensitivity of our analysis to the choice of diameter cutoff later.) 

The width of the rectangle represents twice the standard devi- 
ation error for the age, and overlapping rectangles have been 
` stacked, In Fig. 1b the rectangles have been replaced by gaussian 
~ distributions, with the r.m.s. for each crater set by the age 
- uncertainty; this plot represents our best statistical representa- 
tion of the history of impacts on the Earth during the past 
50 Myr. A periodicity of about the same frequency and phase 
-as that found in the Raup and Sepkoski analysis is evident, as 
` indicated by the arrows placed at ~28-Myr intervals. 

"Figure 2 shows the Fourier power spectrum of Fig. 1b. (We 

~ found no essential difference between the Fourier transforms 
cof Fig. la and b.) In this plot the peak near the frequency 
0.035 Myr™' corresponds to a period of 28.4 Myr, with the first 
- maximum at 13 Myr. The arrows in Fig. 1 actually correspond 
- to the frequency and phase found in this Fourier transform. 
- Below we will reconcile our 28.4-Myr period with the 26-Myr 
`: period in the palaeontological extinctions. 

. To understand the statistical significance of the peak in the 


courier power spectrum, we generated Monte Carlo simulations 
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Fig. 1 Impact craters on the Earth having a diameter >10km 

and age between 5 and 250 Myr. Only craters having age uncertain- 

ties of <20 Myr as listed by Grieve® have been used. In a, each 

crater is represented by a rectangle of unit area and width equal 

to twice the age error. In b, each crater is represented by the 

equivalent gaussian curve. The arrows indicate the frequency and 
phase found from the best fit to the data. 


of craters having random ages; 1,000 sets were generated, each 
containing 11 craters with random ages between 5 and 250 Myr, 
but with age errors (that is, gaussian widths) identical to and of 
the same order as those from the real craters. The Fourier 
transform was calculated for each of the simulated sets; the 
average of the 1,000 power spectra is indicated by a dotted line 
in Fig. 2. In each of the 1,000 Fourier power spectra we searched 
for peaks as high as that seen in the real data; such peaks 
occurred for frequencies equal to or above 0.035 Myr™ in 8 of 
the 1,000 randomly generated sets. From this analysis we con- 
clude that the confidence level for the existence of the periodicity 
is ~99%. Other analyses (for example, finding the number of 
large peaks in the 1,000 Monte Carlo sets having periods within 
2 Myr of the 26-Myr period of Raup and Sepkoski; analysis of 


the statistics of the peaks; x° calculations; simulations with .... 
craters weighted according to diameter) gave confidence levels “y 


in the range 97~99.5%. If we take into account the agreement 
of our periodicity not only in frequency but also in phase with 
the extinction events of Raup and Sepkoski, we calculate that 
our confidence level is closer to 99.9% ; that is, the probability 
of random craters giving a signal as large as the one we see, 
agreeing within 2 Myrin period and 2 Myr in phase. 

Figure 3 shows another way of displaying the periodicity 
(suggested by S. Perlmutter): for every pair of craters in our list 
of 11 large craters, the difference in their ages was plotted as a 
gaussian with the two errors combined in quadrature; these 
gaussians were then superimposed. Peaks are evident in this 
plot for differences of 28.4 Myr and all multiples thereof. 

To estimate the accuracy of our frequency and phase determi- 
nation, we performed a Monte Carlo generation of 20 sets of 
craters in each of which the 11 craters were initially forced to . 


occur at precisely 28-Myr intervals, and then randomly ‘jittered’ ~~ 


(using gaussian statistics) according to the uncertainties in the 
real crater data. The Fourier transform was then taken, and a 
best-fit frequency and phase determined. From these simulations 
we estimate the uncertainty in our period to be ~ +1 Myr, and 
the uncertainty in the time of the first maximum to be +2 Myr. 

The age of the first. crater maximum, 132 Myr, is identical 
with the age of the first ‘extinction event’ of Raup and Sepkoski. 
One might worry that our slightly different period (28.44 1 Myr 


as opposed to 26 Myr) would cause our cycles and theirs to be 
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Crater no. | Z Diameter (km) Age (Myr) 


14.8+0.7 
3824 
372 
3949 
FIt 
9547 
10025 

=: 100+ 20 
i82 
13046 
160+5 


18343 
 210+4 








Table 1 Impact craters of >5 km diameter having ages between 5 and 250 Myr with 1 s.d. age uncertainties of <20 Myr A 






Revised aget Ref. Location 
7+4 15 Karla, USSR 
13411 10 Haughton, Canada 
Ries, Germany _ 
Mistastin, Labrador 
Wanapitei, Ontario 
Popigai, Siberia 
78 +2 I} Lappajarvi, Finland 
Steen River, Alberta 
Boltysh, Ukraine 
Logoisk, USSR 
11942 14 Mien Lake, Sweden 
1336 Gosses Bluff, Australia 
Rochechouart, France 
185. 10 | 12 Obolon, Ukraine | 
Puchezh-Katunki, USSR. 
21443 13 Manicouagan, Quebec 





The first age given is taken from Grieve®, and it is the primary one used in the present analysis. An age value was only included if there was an 


error estimate available. Only those craters in this list that have a diameter of =10 km are used in Figs 1-3. 
* As these two craters are probably from the same event, we included only the larger one. 
t Our own estimates based on current values for decay constants, and on radiometric and palaeontological data in the references cited. - 


out of phase after 100 Myr. However, there are uncertainties in 
the age determination of the palaeontological boundaries that 
increase significantly for ages > 100 Myr. Figure 4 plots a band 
representing our 28.4+ 1 Myr period together with the best esti- 
mates for the palaeontological ages and errors, as evaluated by 
Harland et al’. With the possible exception of the Tithonian 
event, a 28.4-Myr periodicity is a good fit to the extinction events 
of Raup and Sepkoski. Note that there is a slippage of one cycle 
between the crater events and the extinction events, so that the 
Permian-Triassic event is cycle 10 in the extinction sequence 
and cycle 9 in the crater sequence. The cycle slippage occurs in 
the 150-200 Myr interval, when there are three minor extinction 
events (7-15% of the families dying out) but only two predicted. 
We conclude that the record is not well defined in the region 
of slippage. This is supported by the fact that when Raup and 
Sepkoski divided the extinction sequence into two halves, they 
found that 27-29-Myr_ periodicities were significant to better 
than 95% confidence levels in both halves. Fischer and Arthur’s 
qualitative cyclicity record® shows one less cycle than ours, with 
the Permian~Triassic event at cycle 8; again the cycle slippage 
occurs in the 150-200-Myr region, which is clearly the weakest 
part of the palaeontological—stratigraphical record. The ages of 


0.1 





Atag 
k kal 
ba UF oo = l ee 
a * on, 


0.0 ane $ 
000 002 004 006 008 Of Of O64 06.6 
Frequency (Myr™') 


Fig. 2 Fourier power spectrum of Fig. 1b. The large peak at 
0.035 Myr”! corresponds to a period of 28.4 Myr. The dotted line» 


is a background estimate, taken from the average of 1,000 Monte 


_Carlo-generated data sets, each with a random distribution of crater 
ages but having the same age uncertainties as the real data. — 





the quadratically combined errors for the two ages. The gaussians 


the extinction events are best determined in the most recent four 
cycles; this is the period for which we test the agreement in 


phase between the extinction events and the crater ages. 


To test the sensitivity to our chosen cutoffs in age and crater 
size, we have repeated much of the above analysis for different 
values of these parameters. We varied the crater diameter cutoff. 
continuously from 0 to 20 km; the 28.4-Myr peak was significant 
at all these values, and reached its maximum intensity for a- 
5 km cutoff (20%. higher than the peak in Fig. 2). Inclusion of | 
the data below 5 Myr or above 250 Myr did not significantly 
affect the peak height, but it did increase the background level. 
We also tried removing craters from our list to test the sensitivity 
of our analysis to the presence or absence of particular craters. 
The only crater in our nominal list of 11 which does not con- 
tribute to the 28.4-Myr periodicity is Lappajarvi, 77+4 Myr old. 
When we lowered the diameter threshold, adding craters, we 
found a second peak in the power spectrum at 0.047 Myr”! 
(period of 21 Myr). A peak at this frequency is also present in 
Fig. 2 but with less apparent significance. As our noise estimates _ 
had been made for random distributions of craters, to investigate - 
the meaning of this peak we generated Monte-Carlo data sets | 
which had a sequence of craters with a real 21-Myr or 28-Myr- 
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Fig. 3 Distribution of age differences in the crater data. For every 

possible pair chosen from the 11 craters used in the analysis, the 

difference in ages was plotted as a gaussian with width equal to 


-for all the pairs were then added. The vertical lines are plotted 
nominal age differences of 28.4 Myr and multiples thereof.. 
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Fig. 4 Comparison of the periodicity found in the crater data 
with the extinction events from the fossil record. The band rep- 
resents the periodicity found in the Fourier analysis of the crater 
‘data. The data points and confidence limits refer to the “extinction 
“ events’ of Raup and Sepkoski°. The two largest extinctions occur 
at the Cretaceous—Tertiary (C~T) and Permian—Triassic (P-Tr) 
boundaries. The error bars assigned to these events are derived 
from the review of the time scale by Harland et al’. Cycle numbers 
for extinction events are given in parentheses; slippage of one 
cycle between the two data sets is discussed in the text. Because 
of the constraint that palaeontological stages must occur in the 
proper sequence, model ages’ sometimes fall outside the range of 
relevant radiometric data, as in the case of the Tithonian. 


_ periodicity, jittered by the age errors, in addition to a few craters 
with random ages. We found that in the presence of a real 
. 28-Myr period, a spurious second peak often appeared at 
21 Myr, but that in the presence of a real 21-Myr period there 
was no false 28-Myr peak. Based on these simulations, we believe 
that there is no significant evidence for a real 21-Myr periodicity. 
-The 21-Myr peak was strongly suppressed when we either 
-increased the crater diameter threshold above 2 km, or weighted 
- the contribution of the craters to the Fourier transform by a 
-factor proportional to their diameters. 
s mentioned above, to avoid any possibility of bias in crater 
~ selection, we deliberately chose not to reevaluate any of the 
: data in performing our initial analysis, but accepted the compila- 
- tion of Grieve at face value. We now turn our attention to the 
_ revised ages'™" in Table 1, which are based on our own exten- 
sive search of the literature. Palaeontological dates on lake beds 
within craters have allowed us to add three new craters to the 
st: Grieve 43 (10km diameter, age 7+4 Myr), 35 (20km 
ameter, age 13+ 11 Myr) and 65 (15 km diameter, age 185+ 
10 Myr). The latter two agree reasonably well with our periodic- 
y, which includes 13 Myr and 183 Myr among its cycles. We 






























e age values or their uncertainties; Grieve 50, 56, 33 and 54. 
hese adjustments make no significant difference to our analysis, 


so list four craters for which there are minor adjustments in 














m crater at Lappajarvi 


0 (14k 
which, as we noted, does. not contribute to the spectrum at 
28.4 Myr. With the age estimate tightened from 7724 to 78+ 
2 Myr, we can definitely exclude it from any cyclic process that 
has a narrow phase of activity, such as that proposed in the 
solar companion model’. It is vital to obtain smaller errors for — 
the crater ages. 

The period and phase of the crater data show strong agreement 
with those of the palacontological extinctions, in support of the 
hypothesis that the extinctions were caused by periodic impact 
showers. The fact that we find typically one or more craters to 
associate with each cycle, despite the fact that Grieve’s compila- 
tion covers less than 10% of the Earth’s surface, implies that 
many impacts occur during each shower. This is corroborated 
by the discovery of at least two different levels of microtektites 
near the Eocene-Oligocene boundary’. However; given the 
relatively large crater-age uncertainties, we have, as yet, no 
indication that the showers have a duration as short as 1-2 Myr. 
The fact that the periodicity is found primarily among the larger 
craters suggests that there may be a random background of 
low-energy impacts in addition to the showers. This is plausible 
if the shower craters come from comets and the background 
craters from asteroids. Such background impacts, including an 
occasional very large one, are inevitable in view of the statistics 
of modern Apollo asteroids. The long-term cratering rate is 
considered to be compatible with the current flux of Apollo 
objects and comets'’~”. The periodicity of the crater ages may 
require a revision of this view. Comet velocities are higher than 
those of the asteroids, and half of the comets (but none of the 
asteroids) enter the Solar System with retrograde motion leading 
to head-on impacts. These two factors can increase the impact 
energies of comets over those of asteroids (assuming equal 
masses) by an order of magnitude. A modest improvement in 
the ages measured for a few craters should clarify the nature of 
the showers. 

After this manuscript was submitted, we learned that a solar- 
companion hypothesis generally similar to that of Davis et al’ 
had been independently proposed by Whitmire and Jackson 
(accompanying paper)”’. 

We thank Saul Perlmutter for his help with the analysis. We 
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of many of our colleagues, particularly L. W. Alvarez, F. Craw- 
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a fellowship from the John Simon Guggenheim Memorial 
Foundation, and R.A.M. by a fellowship from the John D. and 
Catherine T. MacArthur Foundation. The work was partially 
funded by the NSF Alan T. Waterman Award, by NSF grant -^ 
EAR-81-15858, and by the Department of Energy under contract 
DE-AC0376SF00098. 
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| 
When a piece of metal is fractured either by tensile or impact 
loading (pulling or hitting), the fracture surface that is formed 
is rough and irregular. Its shape is affected by the metal’s 
microstructure (such as grains, inclusions and precipitates, 
whose characteristic length is large relative to the atomic scale), 
as well as by ‘macrostructural’ influences (such as the size, the 
Shape of the specimen, and the notch from which the fracture 
begins). However, repeated observation at various magnifica- 
tions also reveals a variety of additional structures that fall 
between the ‘micro’ and the ‘macro’ and have not yet been 
described satisfactorily in a systematic manner. The experiments 
reported here reveal the existence of broad and clearly distinct 
zone of intermediate scales in which the structure is modelled 


| sA _ very well by a fractal surface. A new method, slit island analysis, 
~~ is introduced to estimate the basic quantity called the fractal 


dimension, D. The estimate is shown to agree with the value 
obtained by fracture profile analysis, a spectral method. Finally, 
D is shown to be a measure of toughness in metals. 

Fractals are the concern of a new geometry’, whose primary 
object is to describe the great variety of natural structures that 
are irregular, rough or fragmented, having irregularities of 
various sizes that bear a special ‘scaling’ relationship to one 
another. In very loose terms, they seem to fall into a regular 
hierarchy in which each level is an up-sized or down-sized 
version of the levels below or.above it. Fractal geometry charac- 
terizes the scaling structure of a surface by a number D, called 
the fractal dimension, that can range from 2, when the surface 
is smooth, up to 3. The fractal dimensional increment of a 
surface is D~2. As it increases from 0 to 1, the irregularities 
become increasingly predominant and the notion of overall 
shape of the surface becomes progressively less meaningful. 
Similarly, the fractal dimension of a curve is at least 1, the fractal 


x dimensional increment being D—1. 


The term ‘fractal’ was chosen in explicit cognizance of the 
fact that the irregularities found in fractal sets are often strikingly 
reminiscent of fracture surfaces in metals (though not, for 
example in glass). However, metal fractures are only extremely 
crinkly (down to the limits of their microstructural size range), 
while fractals are infinitely crinkly. Hence, it is not possible to 
say that metal fracture is strictly a fractal. Nevertheless, metals 
resemble a fractal so closely that it makes good sense to usea 
metal for modelling a fractal. Our experiments in metal fracture 


show that D is very well defined for all the specimens examined, 


and takes on the same value for different specimens of the same 
metal having similar thermomechanical treatments. 
Recent studies** conclude that a metal fracture’s spectrum 


is indicative of a fractal structure. A recent review‘ also indicates 
that fractals might model metal fracture surfaces, and reports 
xploratory studies. The more refined tools that we use to 
` analyse metal fracture surfaces make a stronger case and add 


to the existing tools of fractographic analysis**. : 


> 


Our first series of tests is exemplified by Fig. 1. A fractured 


steel specimen was plated with electroless nickel and mounted 
in an epoxy mount by vacuum impregnation in order to ensure 


_ edge retention. The specimen was then polished parallel to the- 
plane of fracture. ‘Islands’ of steel surrounded by nickel 
appeared which, on subsequent polishing, grew and merged. 
propose to call these structures slit islands. The islands 


_ from an initial fractal surface of dimension D by sectio 
a plane, their coastlines are of fractal dimension D 
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contain ‘lakes within islands’ and ‘islands within lakes’; 


include the former and neglect the latter. : 


The slit island ‘coastlines’, being curves, are much easier t 
investigate than the surfaces themselves. Yet we have foun 
that the perimeter—area relationship of fractal dimension: 
analysis (ref. 1, Chap. 12), if applied to these coastlines, revi 
many essential facts about the surface. We propose t 
resulting method of analysis, which is entirely new and 
powerful, be called slit island analysis. When islands are de 
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hus, the fractal dimensional increments D—2 and I 
equal. The theory of fractals suggests that the a 
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Fig. 3. Impact energy versus fractal dimensional increment. 300- 
Grade Maraging steel, room temperature, Charpy impact. 


perimeters of these islands should be measured in the same way, 
and that one should trace the graph of log(perimeter) versus 
log(area). In a fractal, this graph is rectilinear of slope D’. Figure 
1 shows that such is indeed the case for fracture surfaces. 

Our second series of tests of fractal structure which comple- 
ments the first, uses fracture profile analysis based on Fourier 
analysis? (Fig. 2). Here, the plated and processed fracture was 
sectioned perpendicular to the fracture surface to expose it in 
profile. As usual, the profile’s sample spectra exhibit wide oscilla- 
tions. Some are statistical artefacts, but others reflect funda- 
mental lengths of the microstructure and their accompanying 
higher order harmonics. Statistical fluctuations must be averaged 
out and the fluctuations due to the microstructure should be 
prevented from overly affecting the analysis. To achieve both 
- goals, we averaged five spectra taken from serial sections, and 
integrated them from high frequency to low. Now, the fractal 
hypothesis requires the integrated spectrum to take the form 
k-®’, with B'=B-1=6-2D. The fractal character of the 
surface was tested by plotting the data on doubly logarithmic 
coordinates to see if the curve has a large straight central portion 
of absolute slope B’. The plots (Fig. 2) are indeed straight but 
over narrower ranges than the area—perimeter plots. Thus, the 
fracture surface is again inferred to be fractal, and its fractal 
dimension is estimated by D = 3— B’/2. 

When a method of analysis yields a nearly straight graph, it 
is tempting to measure the ‘local’ slope of this curve. The goal 
would be to identify the harmonics of the microstructure and 
other features that (contrary to the overall fractal behaviour) 
are defined by well-defined length scales. However, as the local 
slope is severely affected by statistical fluctuations, attempts to 
interpret its variations are useless. Similarly, the ‘spectrum of 
fractal dimension’ described in ref. 5 mostly reflects the underly- 
ing noise. 

- > Careful analysis of some of our data indicates that the central 
region of the log-log plots splits into two distinct subregions 
` characterized by different values for D. Such a juxtaposition of 
- different fractal zones is very familiar in other applications of 
- fractals. The scales of the clear-cut cross-over points between 
-zones tend to be significant with respect to structure and deserve 
<- further investigation. For other metals, the diagrams are even 











any voids forming around inclusions increase in size and coalesce 


into void sheets; these ultimately form the fracture surface. If 
the growth of a void were independent of its neighbours or its 
position in the specimen, we would be faced with a process 
physicists call percolation. Its applicability here is associated 
with load sharing among the tensile ligaments that remain; void 
sheet coalescence is merely percolation of a crack in the micro- 
structure leading to final fracture. Percolation would imply that 
the fracture’s fractal dimension takes some universal value 
independent of the material, and dependent only on the proper- 
ties of space. But percolation is a very crude model here. As 
soon as the initial void growth has coalesced locally into small 
sheets, the strains on the supporting ligaments increase, and 
surrounding voids grow at a rate that varies with their position 
in the specimen. Certainly, spatial variability associated with 
the microstructure is dependent on the microstructure and the 
resulting process differs from the usual percolation. Were this 
view to be confirmed by further experimentation, the study of 
fracture could benefit from techniques used in the study of phase 
transitions in statistical physics. 

By showing linear relationships among all available data while 
covering such a broad range of sizes, Figs 1 and 2 are almost 
unique in metallurgy. Their linearity demonstrates that the 
fracture surfaces present in several grades of steel produced by 
impact or uniaxial tensile loading are fractal. 

The metallographic assistance of H. I. Kohlmorgen is grate- 
fully acknowledged. Comments by J. A. Given helped clarify 
this text. 
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Ground-based measurements strongly support the hypothesis 
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Fig. 1 Selected lidar aerosol cross-sections taken along a flight line 15-250 km south-east of Sea Isle, Delaware, August 1982. 


tributes to most of the controversy over the origin of acid 
deposition in non-urban areas. While the combination of 
ground-based chemical measurements, meteorological trajec- 
tory analyses and qualitative satellite observations have con- 
tributed to important advances in long-range transport studies, 
direct measurements of tropospheric photochemical processes, 
transport dynamics and deposition are required to resolve many 
scientific and policy issues. Groundbased and airborne active 
remote sensing techniques offer promise for such critical direct 
measurements of mesoscale spatial and temporal variations of 
aerosols and gases in the troposphere”*. To test the ability of 
an airborne lidar system to measure long-range transport, we 
conducted preliminary experiments over the western North 
Atlantic in July 1981 and August 1982, in the region between 
Wallops Island, Virginia, and Bermuda. The NASA Langley 
DIAL system transmits a laser pulse energy of 80 mJ through 
a quartz window in the bottom of the aircraft. Aerosol profiles 
along the lidar line of sight are obtained in real time on the 
aircraft from an analysis of backscattered laser light at a 
wavelength of 600 nm. The spatial resolution for aerosol 
measurements is 15 m in the vertical and 20 m in the horizontal. 
A complete discussion of the DIAL system and its measurement 
capabilities is available in ref. 7. 

In situ measurements of O3, CO, air temperature, dew point, 
wind speed, wind direction, aerosol size and aerosol composition 
were made along flight transects consisting of 45 min at specific 
altitudes selected in-flight on the basis of atmospheric aerosol 
features observed in the lidar aerosol profiles. In situ O, data 
_ were collected continuously by a chemiluminescent airborne 


“. system with an absolute accuracy of +10% and precision of 


+ 3% (ref. 9). Grab samples for CO determination were collec- 
ted in stainless steel bottles previously heated to 1,000 °C to 
remove contaminants. These samples were analysed by flame 
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Fig. 2 Continuous lidar aerosol cross-section taken along a flight line 564-644 km east of Wallops 





ionization gas chromatography’? immediately after flights. 
Accuracy and precision of the CO measurements are both +2 W 
based on a 1.08 parts per million (p.p.m.) standard reference 
gas. Aerosols were collected on Teflon-coated quartz fibre filters: 
and analysed in the laboratory by ion chromatography. 

Previous studies have shown that summertime haze events 
can result from complex mixing of air masses over the entire. 
eastern United States'’. During both field experiments reported 
here, the atmosphere was cloud-free along the flight line, with 
winds at all altitudes sampled (1-5 km) flowing from west to- 
east at 2-8 m s~’. The GOES satellite images for the period 4 
and 5 August 1982 indicate an extensive source region of: 
atmospheric haze over the eastern United States with a plume 
extending ~300 km over the western North Atlantic. Meteoro- 
logical back-trajectory analysis for the 850- and 700-mbar levels 
also indicates that winds in the sector studied flowed from west 
to east during our July 1981 measurements. Back-trajectories. 
for 4 and 5 August 1982 indicate a south-west to north-east flow. 

Selected lidar aerosol cross-sections are illustrated in Figs. 
1-3. Relative variations in aerosol backscatter cross-sections 
are illustrated with a 16-tone grey scale; darker shading indicates 
higher backscatter, which can be related to higher aerosol con- 
centrations. Features observed during both experiments include: 
(1) A major concentration of aerosol at altitudes of 650-1,800 
m above sea level (a.s.1.). This feature was continuous over the 
flight lines from the coastline to distances up to 250 km offshore. 
(2) A marine boundary layer enrichment of aerosol from the 
sea surface to approximately 250-300 m a.s.l. During the August 
1982 experiment, up to seven distinct layers of aerosol enhance- 
ment were observed at intervals along the flight line between 
the sea surface and 3,000 m a.s.1. Such layers maintained distinct 3 
vertical integrity over hundreds of kilometres, generally becom- 
ing less intense in an eastward direction. 
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Island, Virginia, July 1981. Average 


concentrations of O, and CO collected with in situ methods are compared with the remotely sensed aerosol distribution; p.p.b.v., parts per 
10° by volume. 





724 


Fig. 3 Selected lidar aerosol cross-sections 
taken along a flight line 230-260 km south-east 
of Sea Isle, Delaware, August 1982. Averaged 
in situ measurements of O,, CO and BSCAT 
(aerosol light scattering) are compared with the 
remotely sensed aerosol distribution. Solid lines 
indicate continuous in situ data, dashed lines 
indicate no data between selected sampling 
altitudes. 
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Figures 2 and 3 summarize in situ data on the Os, CO and 
scattering properties of marine boundary layer (< 300 m a.s.l.), 
aerosol-rich intermediate altitude air (300-3,000 m a.s.l.) and 
relatively clean upper tropospheric air (> 3,000 m a.s.1.). During 
both experiments, minimum concentrations of all gaseous and 
particulate species were observed in the upper troposphere. 
Aerosol-rich layers being advected off the east coast of the 
United States at approximately 1 km a.s.l. had the highest con- 
centrations of CO, O, and total particulates. A comparison of 
9 July 1981 vertical profiles of aerosols, O3 and CO in the 
region approximately 400-600 km east of the United States 
coastline shows a positive correlation below 2 km a.s.l. and an 
anticorrelation between O, and CO in the low aerosol, mid- 
tropospheric region from 2 to 5 km a.s.l. (Fig. 2). These data 
support the hypothesis of Fishman and Crutzen’? that in situ 
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Fig. 4 Sulphate-to-sodium and 

chloride-to-sodium ratios in bulk 

aerosols collected at four altitudes 

along a flight line 10-390 km south- 

east of Sea Isle, Delaware. The sea 

water ratio is SO,/Na=0.24 and 
Cl/Na = 1.8. 


production of tropospheric O3 occurs in response to surface 
emissions of precursors. During the period of these measure- 
ments, a persistent inversion was present over the entire region, 
_ trapping surface emissions in the atmospheric boundary layer. 
During flights on 5 August 1982, layers of air with relatively 
high aerosol, CO and O, were present up to altitudes of 3 
kma.s.l., with a pronounced enhancement of all three para- 
meters at 1 kmaz.s.l. (Fig. 3). The water-soluble materials in the 
© dominant aerosol layer of August 1982 are enriched in sulphate 
and depleted in chlorine relative to sodium (Fig. 4), indicating 





possible gas~particle reactions between gaseous sulphur and 
nitrogen species with sea-salt aerosols. These observations sup- 
port previous ground-based studies which hypothesized that 
gaseous H,SO, and HNO, react with sea-salt resulting in the 
conversion of particulate chlorine into gaseous HCI (ref. 13). 
Several results of these first continuous two-dimensional lidar 
observations of aerosol distribution from the coast of the United 
States over the western North Atlantic are important to future 
studies in tropospheric chemistry. First, aerosol and trace gas 
layers being advected off the United States in a stable west to 
east flow regime can maintain vertical integrity over distances 
of at least hundreds of kilometres. This vertical stratification 
implies that relatively thin layers of the atmospheric column 
can be very important to regional chemical budgets and cycles. 
Lidar aerosol tracers now provide the opportunity to make 
direct observations of atmospheric structure and transport 
phenomena. Such measurements can guide in situ sampling 
strategies for studies of photochemical processes during long- 
distance transport, with regard to particle conversion and depo- 
sition. The power of the lidar remote sensing technique is best 
illustrated by considering that during the mission from Wallops 
Island, Virginia, to Bermuda in August 1982, as reported here, 
we measured the equivalent of ~ 10° individual profiles of aero- 
sol with a vertical resolution of 15 m. Using standard in situ 
techniques, no more than 10 profiles could have been obtained. 
Second, these preliminary measurements on the vertical distri- 


bution of O;, CO and aerosols over the western North Atlantic 


provide the first direct observation of how pollutants are being 
transported in both the boundary layer and free troposphere 
from source regions in the eastern United States to the North 
Atlantic. 
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SCANNING ELECTRON MICROSCOPY 
at 
MICRO 84 


MICRO 84 takes place at the Bloomsbury Crest Hotel in London trom July 9th to 15th 1964. MICRO is the largest conference and exhibition concerned 
with ell aspects of light and giectron microscopy: and any one microscopical technique, such as SEM, can be easily seen in the context of all 
the other, allied techniques, available. Today, the SEM is very much a microscopist's workhorse and there is a strong SEM theme running through 
the whole of MICRO, Some symposia are directed specifically to SEM, others have particular lectures which are relevant to SEM, while in still 
others complementary techniques are discussed. The following list highlights some of these lectures, 





SEM OPIMISATION The main objective of this symposium is "Getting the best out of your SEM”. A series of tutorial lecture sH 
iThursday/Friday} from acknowledged experts will cover the instrument, its operation, specimen preparation, image recording — 
and image interpretation, 








TUTORIALS. IN MODERN This Symposium is. concerned with microscopy and analysis of solid specimens, The lectures will not only cover 
ASPECTS. OF MICROSOORY SEM methods for the non-expert, but also Quantitative Microscopy, Scanning Optical Microscopy» Acoustic Micros- 
(Wednesday) copy, and Atom Probe Analysis. 





STATE OF THE ART IN TEM AND STEM | A series of tutorial lectures will deal with imaging and analysis of thin specimens. Among other things. 






(Tuesday) es the symposium is intended to update the knowledge of those not working directly with TEM or STEM. 
D ANALYSIS. IN THE SEM in the sessions on X-ray microanalysis and cryo-techniques a number of the presentations specifically 
oe iFriday) deal with preparation of specimens, including by low temperature methods, and their analysis in SEMs, 
ae | “IMAGE RECORDING The symposium will include lectures on optimisation of scanning images, electronic processing of images, 
ae - Wednesday) and photographic recording of images. 
ioe APPLICATION OF SEM Throughout MICRO, many ‘of the sessions will inciude lectures on applications of the. SEM to structure 
ie . (Throughout MICRO) observations and microanalysis. Topics including en SEM component: include: interfaces in sami-conductoi 


automated SEM in environmental studies; automatic SEM particle analysis in forensic science; SEM in the 
study of ancient materials. . 








a EXHIBITION It is expected that more than 50 companies will be exhibiting their latest microscopes and ancillary equipment, 
tThroughout MICRO) covering the complete spectrum of instruments and techniques including, of course, full representation 
at SEM equipment. 


o Details of the MICRO 64 programme, and further information, are available from:- 


~The Administrator, Royal Microscopical Society, 37/58 St Clements, OXFORD OX4 IAJ. Telephone: - t0865) 248768/721081 


Circle No.69 on Reader Service Card. 











NATURE VOL. 308 19 APRIL 1986 oooO —-LETTERS TO NATURE. 7 


Radiometric determination of the 
growth rate of Nautilus in nature 


_ J. Kirk Cochran* 





Ti Jepartment of Chemistry, Woods Hole Oceanographic Institution, 


Woods Hole, Massachusetts 02543, USA 


Neil H. Landman 


Department of Invertebrates, American Museum of Natural History, 
Central Park West at 79th Street, New York, 
New York 10024, USA 


Nautilus is the sole surviving genus of externally shelled 
cephalopods and therefore, determination of its rate of growth 
is important for understanding the life histories of a host of 
related fossil forms. Direct observations of its growth rate are 
difficult, however, so we have used here naturally occurring 
radionuclides. We used the 7!°po/?!°pp activity ratio as a 
chronometer to estimate the growth rates of seven specimens 
of Nautilus belauensis Saunders. In three immature animals 
the age of the last septum ranged from 10 to 52 days and, based 
on the age difference between the last two septa, the rate of 
septal formation was >120 to ~230 days. In four animals near 





oor at maturity the age of the last septum was 110-240 days and 


the rate of septal formation 100—> 290 days. Based on these 
rates the time to maturity is more than 10 yr. Rates of septal 
formation translate approximately into rates of <0.12 and 
< 0.08 mm of ventral circumference per day for immature and 
mature animals, respectively, and agree well with mark-recap- 
ture observations of this species in Palau’. 

We have previously shown? that Nautilus pompilius incorpor- 
ates the radioactive isotope 7!°Pb (t; 22.3 yr) from seawater into 
its shell during growth. The granddaughter of ?!°pb, 2!po (ty 
138 days), is excluded during growth and its presence in the 
shell is a function of the radioactive decay of 7!°Pp, Therefore, 
the *!°Po/?!Pb activity ratio furnishes a natural chronometer 
of growth. We analysed seven specimens of N, belauensis sup- 
plied by W. B. Saunders (Bryn Mawr) and captured as part of 
his tag-release programme in Palau’, and although recapture 
data were not available for these seven specimens, their study 
provided the opportunity to compare radiometric results with 
field observation. The seven specimens were identified as 
fiimature to mature based on external shell characteristics 
_(W. B. Saunders, personal communication, Table 1). Shells were 
cut in median section to facilitate sampling and measurement 
of septal number, thickness and angle. The shells ranged over 
132-210 mm in diameter and 28-36 septa. 

The four to six most recent septa of each specimen were 
removed and the radiochemical analyses performed according 
to methods already established”. Septa were treated with H,O, 
to eliminate organic matter and then rinsed briefly with 0.5 M 
HCI to remove any adsorbed ?!°Po or ?!°ph which had been 
released and re-adsorbed during the HO, treatment. Samples 
of 0.05-6.0 g were dissolved in 6 M HCI and 2°8po tracer and 
stable Pb carrier were added. Po was plated onto silver disks 
and Pb was purified by ion exchange. The Pb yield was deter- 
mined by atomic absorption analysis and *!°Pb was analysed by 

a second *)°Po plating after storage of the purified 7!°Pb fraction. 
“~The radiochemical data are presented in Table 2. In all 








_ samples the initial !°Po separation ( by plating) was completed 
within 26 days of collection. Uncertainty on the ?!°P9/?!°pp 
activity ratio is ~+10%. Samples for which the activity ratio at 
analysis was 1.0+0.1 were not corrected to the time of collec- 
tion. All other values have been corrected for 2!°po ingrowth 
from the time of collection to plating. Activity ratios include 





*Present address: Marine Sciences Research Center, State University of New York at Stony 
Brook, Stony Brook, New York 11794, USA, 


the lo counting uncertainty in both 2!°Po and 2!°pp measure- 
ments. oe 

The *'°Po/?!°Pb activity ratio of the most recent septum in 
all specimens was significantly less than 1.0. In immature animals 
1, 2 and 7, radioactive disequilibrum persisted through the three 
or four most recently deposited septa. By contrast, in specimens 
3, 5 and 6, near or at maturity, the activity ratio approached 
equilibrium by the second septum. | e 

If no process other than radioactive decay affects the 
**°Po/?}°Pb activity ratio after formation of a septum, the 
activity ratio will change as a function of time according to: 


Apo/ App = 1.0179 [1 —exp (—Apo tApy)t] (1) 


where Ap, is the activity of 7!°Po, Ap, is the activity of 72°, . 
Apo is the decay constant for 7!°Pb (5.01 x 1973 day~'), Ap, is 
the decay constant for ?!°Pbh (8.51 x 10°-°day~') and t¢ is the 
average age of the septum (days). The septal age (t) calculated 
from equation (1) is a mean over the length of time of septum 
formation, and differences in t between ad jacent, completely. 
formed septa represent times between successive points in septal 
formation. 

The most recent septum in each specimen was assigned an 
age based on the measured value of its activity ratio according 
to equation (1). Judging from age and septal thickness (Table 
1), immature specimens 1, 2 and 7 were still in the process of 
forming their most recent septum, which had an age range of 
10-52 days. The septum with an age of 10 days in specimen 7 
was approximated but had a thickness only 4% that of the 
preceding septum. By contrast, the most recent septum in the 
four specimens near or at maturity (specimens 3-6) was 
thickened and ranged in age from 110 to 240 days. These data 
suggest that the rate of septal formation in immature animals 
is substantially greater than 30 days and in mature animals may 
exceed 240 days. 

Another estimate of the time scale of septal deposition is 
provided by the age difference between ad jacent septa (equation 
(1)). In the specimens analysed, the best resolution in age 
difference was obtained by consideration of the two most recent 
septa. Beyond this point, the ?!°Po/?!°pp activity ratio 
approached equilibrium and the uncertainties associated with 
the measurement reduced the precison with which age differen- 
ces could be resolved. All septa with 2!°p9/?/9pp activity ratios 
= 0.90 were assigned a minimum age of 400 days (about three 
half-lives of 7‘°Po). In specimens 3, 5 and 6 near or at maturity, 
radioactive equilibrium was reached by the second septum and 
therefore the age difference calculated between the two. most 
recent septa provided a minimum estimate of the rate of septal 
formation. In immature specimens 1, 2 and 7, the calculated | 
age difference also provided a minimum estimate of the rate of 
septal formation because the last septum was still incompletely 
formed. The error in the age difference is +20% except for | 
specimen 4 (+100%) and was calculated using the counting — 
uncertainties on the activity ratios to set upper and lower limits. 

The rates of septal formation (Table 1) ranged from > 120 . 
to ~230 days in immature specimens 1, 2 and 7 to 100 to >290. 
days in specimens 3, 4, 5 and 6 near or at maturity. These rates 
are long and exceed most estimates derived from aquarium 
studies of Nautilus macromphalus and N. pompilius which range 
over 30-130 days**. They also exceed estimates of 75 and 25 
days derived using the same radiometric technique on two N. 
pompilius (although the lower of these two values may be too 
low because of the larger uncertainty associated with a longer 


_ time between collection and analysis in that specimen)*. Our 


data agree well, however, with Saunders’ mark~recapture 
observations’, in which two animals, immature at release, had 
secreted an additional septum by the time of recapture after 
342 and 353 days. 

The rates of septal formation in N. belauensis can be used to 
estimate the time to maturity. The first seven septa are deposited 
embryonically* and are therefore neglected in the calculations. 
In a hypothetical individual with 36 septa, if we assume an 
immature rate of growth of at least 120 days per septum to 
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Thickness of 
Stage of septum 1ł/ Age of septal 
development No. Diameter thickness of septum! formation$ deg per mm per 
Specimen at capture of septa (mm) Approximation* septum 2 (days) (days) day§ dayi 

WH1 (2733) Immature 28 132 No 1.00 28 ~ 230 ~0.10 ~ 0.10 
WH2 (2830) Immature 31 152 No 0.66 52 > 168 <0 <0.13 
WH7 (2832) Immature 36 186 Yes 0.04 10 > 120 <0.16  <0.14 
WHS (2739) Immature, 33 210 No 1.28 110 > 290 < 0.06 <O.10 

close to 

maturity 
WH4 (2834) Barely 33 199 No 1.17 240 100 Q.19 0.28 

mature 
WH6 (2749) Barely 36 191 Yes 1.22 120 > 280 <0.05 < 0.07 

mature . 
WH3 (2743) Mature 33 186 Yes 1.32 180 > 220 < 0.06 < 0.08 

“Last septum is closely spaced. 


tLast septum is septum 1. 
{Based on age difference between septa 1 and 2. 


$Angle between septa 1 and 2/rate of septal formation. 






{Distance along venter between septa 1 and 2/rate of septal formation. 








Septum* 19D 5+ 10 pot 

Specimen WH-1 

} 0.56 +0.03 0.353 +0.04 

2 2.32+0,10 2.252011 

3 1.96+ 0.06 1.89+0.07 

4 2.60 +£0.12 2.6020.12 

5 2.03 +0.10 2.03 40.10 

6 1.47+0.08 1.47 +0.08 
Specimen WH-2 

1 0.54+0.03 0.45 + 0.04 

2 1.88+0.09 1.82+0.10 

3 2.26+0.10 2.1620,11 

4 1.74+0.07 1.74+0.07 

S 1.88 +0.07 1.88 +0.07 

6 2.06+0.15 2.00+0.15 
Specimen WH-3 

1 1.21+0.05 1.14+0.06 

2 2,7240.12 2.72 £0.12 

3 2.06 +0.09 2.06 + 6.09 

4 1,92 + 0.09 1.92 +0.09 
Specimen WH-4 

1 1.71 +0.09 1.66+0.10 

2 1.39 + 0.07 1.37+0.08 

3 1.8520.08 1.85+0.08 

4 1.12+0.06 1.12+0.06 
Specimen WH-5 

1 0.82 + 0.04 0.70+ 0.05 

2 1.70 +0.05 1.70 +0.06 

3 1.64 +0.07 1.64 £0.07 

4 1.68 +0.09 1.68 + 009 
Specimen WH-6 

1 0.96 + 0.08 0.84 + 0,09 

2 1.86 + 0.06 1.85+0.07 

3 1.86 +0.08 1.86+0.08 

4 1.59+0.05 1.59:+ 0.06 
Specimen WH-7 

1 0.46 + 6.06 0.25+0.06 

2 4.06 + 0.06 06.98 +0.07 

3 1.76 + 0.07 1.72+0.08 

4 2.39+40.11 2.35+0,12 

5 1.95 40.08 1.95 +0.08 


* Most recent septum = 1. 


+ Activity at time of initial Po plating. 


Table 1 Morphological and growth rate data for specimens of Nautilus belauensis arranged by stage of development at time of capture a 








annonam 


Rate of 


Table 2 Radiochemical data for septa of specimens of Nautilus belauensis 


maannainen 











Septum 
average age 

Oph 210p0/7 Ppt (days) 
272.67+0.12 0.13 40.02 28 
3.072012 0.73 +0.05 260 
2.65£0.15 0.71 +0.05 240 
2.60 +0.11 1.00 + 0.06 > 400 
2.21 +0.12 0.92 +0.07 >400 
1.64+0.08 0.90 + 0.07 > 406 
1.99+0.18 0.23+0.03 §2 
2.71+0.10 0.67+0.04 220 
3.70 +0.28 0.58+0.05 170 
1.72+0.08 1.01+0.06 >400 
1.89+0.10 0.994 0.06 >400 
1.78+0.08 1.1240.10 > 400 
1.91+0.17 0.60 + 0.06 180 
2.93+0.14 0.93 + 0.06 > 400 
1.99+0.14 1.04 +0.09 > 400 
2.0640.21 0.9340.10 > 400 
2.34+0.12 0.71 £0.06 240 
1.64+ 0.08 0.83 +0.06 440 
1.834 0.08 1.01 +0.06 >» 400 
1.22+0.07 0.9240.07 > 400 
1.68 + 0.09 0.42 +0.04 110 
1.75+0.09 0.97 + 0.06 > 400 
1.634012 1.01+0.09 > 400 
1.86+0.07 0.90 + 0.06 > 400 
1.88+0.11 0.45+0,05 120 
1.9440.12 0.95 +0.07 > 400 
1.79 +0.10 1.04+0.07 > 400 
1.65+0.08 0,99 + 0.06 > 400 
4.57 +0.22 0.05+0.01 10 
2.08 +0.09 0.47+0.04 130 
2.210.112- 0.78 0.05 300 
2.8540.15 0.83 + 0.06 340 
1.98 + 0.09 0.98 + 0.06 > 400 











+ Value at time of collection of shell. 7° Po and *°Pb results are expressed in d.p.m. per g. 


septum 32 and a rate of growth of at least 220 days per septum 
as maturity is approached at septum 36, such an individual would 
be at least 10 yr old at maturity, an estimate compatible with 
Saunders’ value of ~15 yr’. 

To permit further comparison with mark-recapture observa- 
tions and growth rate data from aquarium studies, estimates of 
the angular growth rate (deg per day) and the growth rate along 
the venter (mm per day) were calculated (Table 1). The angular 
growth rate was calculated by dividing the angle between the 
last two septa by the rate of septal formation, and the growth 
rate along the venter, by dividing the distance along the venter 


between the last two septa by the rate of septal formation. lt i 
immature animals the angular growth rate ranged from ~0. TOW 
to <0.16 deg per day and the growth rate along the venter from | 
~0.10 to <0.14.mm per day. By comparison, in specimens 3, 
5 and 6, near or at maturity, the angular growth rate ranged 
from <0.05 to <0.06 deg per day and the growth rate along 
the venter from <0.07 to <0.10 mm per day. These ventral 
growth rates are generally lower than those reported in the 
literature*> but agree well with Saunders’ value of <0.12 mm 
per day’. | 

Indeed, the general agreement between the radiometric 
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growth rates and those obtained from mark-recapture studies 
supports the two methodologies and permits the conclusion that 
N. belauensis is growing slowly and decreases its rate of growth 
as it approaches maturity. The differences observed in growth 
rate between N. belauensis and other species of Nautilus main- 
ktained in aquaria may be artefacts of aquarium conditions, 
ipecies or habitat specificity, or a reflection of ontogenetic 
variation. 

We thank W. B. Saunders for supplying the specimens of N. 
belauensis and for sharing his observations. This research was 
supported in part by National Geographic Society grant 2526- 
82. This is contribution no. 5589 from Woods Hole Oceano- 
graphic Institution. 
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Sperm sharing in Biomphalaria snails: 
a new behavioural strategy in 
simultaneous hermaphroditism 


_, Warton Monteiro, José Maria G. Almeida Jr 


7 $ Braulio S. Dias 


Instituto de Ciências Biológicas, CP: 153081, Universidade de 
Brasília, 70919 Brasília, DF, Brazil 


aaa 


Simultaneous hermaphroditism includes three reproductive 
options: self-fertilization, female-acting cross-fertilization, and 
male-acting cross-fertilization. Sperm sharing is introduced here 
as a fourth, new option: a cross-fertilized individual shares with 
other individuals sperm received from its previous crossmate. 
To share sperm, the individual acts mechanically as a male, but 
not genetically since the sperm it shares was not produced by 
it. We show here that sperm sharing occurs in snails of the 
genus Biomphalaria in laboratory conditions. 

Biomphalaria are freshwater pulmonate snails widely dis- 
tributed in Brazil. They are simultaneous hermaphrodites, which 
reproduce by self-fertilization when in isolation, but whenever 
two or more individuals are in contact, they copulate and cross- 
igitilization prevails’. These snails include species that are vec- 
-tors of the blood fluke Schistosoma mansoni Our experiments 
involved samples from six Brazilian populations of three species: 
Biomphalaria glabrata, from Santa Luzia, Minas Gerais State 
(SL); Biomphalaria occidentalis, from Sena Madureira, Acre 
State (SM); Biomphalaria tenagophila, from Núcleo Ban- 
deirante, Distrito Federal (NB); from Joinville, Santa Catarina 
State (JO); from Jacarepaguá, Rio de Janeiro (JP); and from 
Belo Horizonte, Minas Gerais State (BH). We had SL, JO and 
BH albino samples, with total absence of black pigment”, and 
SL, JO, SM, NB, JP wild-type samples. Our laboratory cultures 
were kept at room temperature (~25 °C), fed with romaine 
lettuce and wheat germ. Our B. glabrata laboratory cultures 
are more than 10 yr old, B. tenagophila more than 5 (except 
NB which is less than 2) and B. occidentalis, which is more than 
3 yr old. Stocks of albino and wild-type snails were maintained 

rSeparate aquaria. Snails with shell diameter ~3 mm were 
Megoolated in small aquaria and kept there until the egg-laying 
stage. This averaged 50 days; the shortest period was 25 days. 
Afterwards, these snails were observed for at least 1 month, 
and those that laid eggs regularly were selected for cross- 
breeding. : . 

Any albino snail cross-fertilized with wild-type sperm lays 
eggs whose cross-fertilized embryos may be readily identified, 
before hatching, by their black-spotted eyes. Self-fertilized 
aino embryos have no black Pigment. Eggs were collected 
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cated according to the sequence donor-intermediate-recipient, 
followed by the number of experiments performed with each — 
trio: NB-JO-JO (14), NB-JO-BH (9), NB~BH~-BH (13), NB- 
BH-JO (10), JO-JO-JO (7), JP-JO-JO (7), JP-BH-JO (P, 
JP-BH-BH (3), SM-BH-BH (7), SM-JO-BH (1), SM-JO-J0. 
(1), SL-SL-SL (18), ko 

All intermediate snails were paired with the recipient only 
after it was confirmed that they had been inseminated by the 
donor. All donor Xintermediate and intermediate x recipient 
couples were paired during the day and kept apart overnight. 
The couples were paired for a period of 2~10 days. However, 
the intermediate snails were kept isolated after the last donorxX 
intermediate pairing, and before the first intermediatex 
recipient pairing, for a period of 1-22 days, 10 days on average. 
Eggs were collected from all albino snails for more than 200 
days after the last mating with the wild-type sperm donor. Eggs 
laid by the intermediate were not recorded during and immedi- 
ately after intermediate x donor pairing and also not until 10 
days after intermediate x recipient pairing. Thus, Table 1 refers 
to egg laying from days 11-90 after the last pairing with the 
wild-type sperm donor. 

B. tenagophila from Joinville were individually paired, 
albino x wild type, for 12h and the eggs of the 16 inseminated 
albinos were collected daily over 160 days. The frequencies of 
albino and wild-type eggs were recorded as a control (Table 1, - 
Fig. 2) to compare with the egg production of the albinos 
(intermediate and recipient) in the trio experiments. For this 
comparison, only B. tenagophila trios were considered, _ 

Our results demonstrate sperm sharing between albino snails 
acting as intermediate and recipient, since both laid wild-type 
eggs for more than 100 days after mating (Fig. 2). In 27 out of 
97 experiments, transferences of sperm from donor to recipient 
occurred through an intermediate snail, in the following trios 
and respective frequencies: NB-JO-JO (6), NB-J O-BH (5),. 
NB-BH-BH (2), NB-BH-JO (3), JP-JO-JO (2), JP-BH-JO : 
(2), SM-JO-BH (1), SM-BH-BH (2), SM-JO-JO (1), SL-SL=: 
SL (3). a 


Considering B. tenagophila-only trios and control crosses, ite 
is possible that control snails have laid, on the average, more 
eggs than intermediate, or recipient, from the 11th to the 90th 
day after the last pairing (Table 1, lines 1, 2). Butit is evident 
that wild-type egg production was more abundant amongcontrol 
snails than among intermediate, or recipient, or non-control as 
a whole (Table 1, lines 3-5). It is also evident that the mean 
albino egg production by non-control snails was much higher 


than that of control snails (Table 1, lines 6-8). Albino cross- 
fertilized eggs can result from intermediate X recipient crosses 
Suggesting that exogenous albino-type spermatozoa may be 
involved in preferential cross-fertilization, raising the mean 
albino egg production of non-control snails in relation to con- 
trols’ (Fig. 2). Although the total egg production of intermediate 


and recipient snails was, on the average, approximately the 
same, the production of albino or wild-type eggs, taken separ- 


ately, was not (Table 1, lines 9-11). This difference may be due 
to unequal division of the exogenous sperm shared by intermedi- 
ate and recipient snails. It is possible that sharing experiments 


may include some spermatozoa loss. In fact, the average wild- 
type egg production of intermediate plus recipient snails was- 


much smaller than that of controls (Table 1, lines 5 and 11° ; 

__In general, the wild-type egg production ceased before tha 
of albino eggs, due to the depletion of the wild-type spermato 
stock (Fig. 2). Though albino eggs were laid during the y 
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il. 


The means refer to albino (A) and/or wild-type (Wt) eggs produced by the control crosses’ albino snails (C), intermediate (I), and/or recipient 


1.63 


4.06 


10.96 


29.89 


20.14 


1,62 


2.43 


1.46 





(R) snails of the B. tenagophila successful trios. Egg production data were grouped in 80-day periods, from the 11th to the 90th day after the last 


pairing with the wild-type sperm donor. 


Wild type (donor) Albino (intermediate) 





t 


Albino (intermediate ) 


Albino (recipient) 










O gi. Sperm transf ans fer from a wild-type (donor) snail to an albino 


: ao (recipient) through another albino (intermediate) snail. 





eriment, a decline in general egg production after day 120 
< suggests a physiological pause before a new cross to resume 
re high egg production by cross-fertilization. This was not tested. 
In 9 out of the 97 trials for sperm sharing, the donor was B. 
~~ occidentalis, and the intermediate and the recipient snails were 
B. tenagophila. Sperm sharing occurred in four of these trials. 
coo Crossbreeding between B. tenagophila and B. occidentalis is 
=o -common in the laboratory (M. L. F. Dias and W.M., unpub- 
lished), though Biomphalaria species are generally very well 
< isolated genetically*. — | _ 


Albinism is a mendelian trait useful for tracking wild-type 
sperm through albino snails. Our method allowed a genetic 
demonstration of sperm transference. The intermediate snail’s 
reproductive options are: to reproduce by self-fertilization; to 
receive sperm from the donor, and possibly from the recipient; 
to transfer its own sperm to the recipient, and possibly to the 
donor; and to transfer the donor's sperm to the recipient. 

The tendency towards cross-fertilization’ suggests that the 
snail should have a site or a mechanism that prevents endogenous 
spermatozoa from mixing with exogenous ones. In fact, in nature | 
B. obstructa can harbour sperm from more than one crossmate, 
in a given time". Possibly, all exogenous sperm are stored as 
single stock. It seems unlikely that sperm is stored in the sper- 
matheca in Biomphalaria®; thus, the lumen of the ootestis 
probably lodges exogenous sperm and guarantees preferential 
cross-fertilization’. However, some self-fertilization does occur 
cross-fertilized egg production . 
(Fig. 2), perhaps due to some endogenous spermatozoa carried `. 
to the ootestis lumen during the exogenous sperm flow through 







Sperm sharing seems to be linked to inbreeding and kinship. 
In fact, natural populations of Biomphalaria have some degree 
small water bodies, 








most genetic differences be 


prov 
moting sperm-sharing behaviour throu selection”. 
Alternatively, according to Hamilton””’, inbreeding 
gene flow in natural populations of 





mate competition, fav 
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Fig. 2 Distribution of the average frequencies of eggs laid by the 

albino control snails (N = 16), by the intermediate (N = 21), and 

recipient (N = 21) of trios with only B. tenagophila snails, divided 

into 10-day class intervals. The data refer to snails with different 

lifetimes, and do not include eggs laid during the first 10 days after 
the last pairing with the wild-type sperm donor. 


allocation strategy, since it minimizes the competition among 
“Sgerm of related individuals and maximizes the production of 
“Offspring via an increase in égg-cell production; this will favour 
a female-biased sex ratio. In simultaneous hermaphrodites sex 
allocation could be biased to female function. Sperm sharing 
could be a strategy enabling the snail to receive much sperm 
from its partners, when it is acting as a functional female, while 
transferring relatively few spermatozoa of its own, when it is 
acting as a functional male. In this sperm ‘commerce’, a snail 
could exchange some of its sperm together with part of the 
sperm received in a previous cross for a full sperm load from 
the recipient. This exchange. process could be maintained in a 
population by an evolutionarily stable strategy’. 

We thank Dr Roberto Brandão Cavalcanti for valuable dis- 
cussions. 
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The importance of natural selection in determining spatial p: 

terns of allele frequencie inclear despite 

graphical surveys of all 
organisms’. Most 





The present study 


(Est6) and phosphoglucomutase (Pgm) polymorphisms of o 
Drosophila simulans and Drosophila melanogaster. These two 


Geographical variation in the frequencies of four cos- 
mopolitan chromosome inversions and 10 enzyme polymorph- 
isms have been analysed in populations of D, melanogaster 
covering up to 50° of latitude in Australasia, North America 
and Europe/Asia*"°. Three types of geographical pattern are 
found. First, all four inversions and six of the enzyme poly- 
morphisms (Est6, Adh, Gpdh, G6pd, Odh and Pgd) show con- 
sistent and significant relationships with distance from the 
Equator in all three zoogeographical zones. Second, two enzyme 
polymorphisms (Pgm and Idh-NADP) show no relationship 
with latitude in any of the three zones. Third, the other two 
polymorphic loci (Acph and Tpi) each show a significant 
latitudinal relationship in Australasia, but not in the other two 


regions. Oakeshott et al’ suggested that random events alone _ - 
cannot explain the first two patterns, although the interpretation cae 


of the third pattern is more difficult. : : 
We have studied the distribution of allele frequencies for 


analogous polymorphisms in D. simulans, a sibling species of 
D. melanogaster. The two species have almost the same e R 
mopolitan distribution and are often collected together in the > 
field'’. Tests under several electrophoretic conditions have indi- 
cated that D, simulans shares the same common polymorphic  — 


electrophoretic variants as D. melanogaster for 3 of the 10 — 
enzyme loci analysed in D. melanogaster’? 17. Est6, Pm and 
- Acph. D. simulans is monomorphic for the other seven enzyme = 


14—21 


_ systems“ and has no polymorphic chromosome inversions??,. 


Because of the ambiguous patterns of Acph variation in D. — 
melanogaster, we have analysed in detail only the patterns for 
Est6 and Pgm in D. simulans. If the world-wide consistent 
latitudinal relationships of Est6 allele frequencies and the rela- 
tive geographical homogeneity of Pgm allele frequencies in D. 
melanogaster are simply the result of random events, it is very 
improbable that they will be repeated in D. simulans on all 
three continents. 

An analysis of 80 D. simulans population samples for Est6 
and 72 for Pgm shows that three electrophoretic variants at 


each locus are found at overall mean frequencies above 1% 


(Table 1). Each of the Pgm variants has a remarkably similar 


frequency to its value in D. melanogaster, Pgm-1 OOclearly being 


the most common allele in both species. Both Est6-100 and — 


£st6-110 are common in the two species, although their relative 


frequen iffer; Est6-100 is more common in D. melanogaster 





Est6-125 is consistently low in both species. 





#6-110 more common in D. simulans. The frequency of = 
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Only the analyses of variation for the Est6-1 00 and Pgm-100 
alleles are presented here. The analysis of the other common 
allele, Est6-110, shows that it has a latitudinal pattern com- 
plementary to that of Est6-100. The frequencies of the three 
¿rare alleles (Est6-125, Pgm-1 20 and Pgm-70) are too low for 
meaningful analysis. 

In Fig. 1 the patterns of latitudinal variation of Est6-100 and 
Pgm-100 frequencies in D. simulans and D. melanogaster are 
compared graphically. In each species and in all regions there 
is a clear relationship between Est6-100 frequency and latitude. 
The patterns in the Northern and Southern Hemispheres are 
mirror-images of each other, and in all three regions the direc- 
tion of allele frequency change with increasing distance from 
the Equator is the same in the two species. On average, Est6-100 
frequency increases by approximately 14% for every. 10° 
increase in latitude from the Equator. Pgm-100 frequency is 
uniformly high (>85% in most cases, and never <50%) and is 
not obviously associated with latitude in any region in either 
species. 
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Table 1 Mean frequencies of Est6 and Pgm variants 





Allele Mean frequencies* (% +s.e.m.) 


D. simulans D. melanogaster 
Est6 
125 1+1 
110 67£2 
100 3222 


2+2 
36242 
6242 


Pgm 


120 © lal | 3+1 
100 | 9341 8941 








s 40° 30 20 10 0 
South 


Fig. 1 Est6-100 and Pgm- 


for Drosophila simulans 

| (sim) and D. melanogaster 

(mel) Data for D 

melanogaster are from Oake- 
shott et ai.*. 


%PGM ~ 100/mel 
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North 
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Table 2 gives the partial correlations and standardized 
regression coefficients of angular transforms of Est6-100 and 
Pgm-100 frequencies on unsigned values of latitude. Both the 
correlations and regressions show that Est6-100 frequency i$ 
significantly associated with distance from the Equator in both 
species and all three zones. On average, latitude accounts for 
about 25% of the variance among samples in Est6-100 
frequency. The only latitudinal association for Pem-100 
frequency that is significant as both a correlation and regression 
is for D. simulans in Europe. However, only nine European D. 
simulans samples were scored for Pgm, and this association is 
more apparent than real, as it simply results from a relatively 
low Pgm-100 frequency in a single, most southerly population. 

We have limited data on two South American®’ and one 
African population of D. simulans, and these are consistent with 
the patterns apparent in the other regions (Fig. 1). 

Clinal patterns of variation in a single region can be produced... 
without natural selection?*. However, the recurrence of thg- 









Table 2 Geographical variation in Est6-100 and Pgm-100 allele 

frequencies : 
D. simulans D. melanogaster 
r* bt r $o 





Est6-100° 
Europe 0.668 
N. America E i Xi 

Northern Hemisphere 0.644 
Total 0.514 

Pgm-100 
Europe 
N. America 

Northern Hemisphere 
Australasia 
Total 


0.688 
0.60 
0.714 
0.554 
0.509 


0.534 


0-80} 0.598 
~0.18 0.23 — 
027 0.25 
0.01 0.02 -0.02 














100 allele frequencies with latitude (controlling for longitude). 
t b, Standardized coefficients for the transformed allele frequencies. 
+ D. melanogaster analyses are taken from ref. 5. | 


§ P< 0.05; | P<0.01; § P<0.001. 


100 frequencies with latitude = 
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same large-scale latitudinal association for Est6 in three zoogeo- 
graphical zones and two species is difficult to explain as solely 

the result of random processes. The consistent homogeneity of 
_Pgm allele frequencies is also not easily explained by non- 
selective processes; while migration can lead to the convergence 
x Of allele frequencies in different populations within a species, 
this is obviously not Possible across species barriers. Thus, 
-although there is a contrast between the geographical patterns 
of Est6 and Pgm allele frequencies, both patterns probably 
reflect the action of natural selection. 

However, the modes of selection affecting the two loci are 
likely to ibe different, and differently influenced by the environ- 
ment. This may be because Est6 has externally derived sub- 
strates’ which may vary qualitatively or quantitatively with 
latitude, and Pgm is involved in central metabolism?” with 
substrates more likely to be consistent across latitudes. 

For both Est6 and Pgm it is likely that some amino acid 
replacements are not detected by electrophoresis?>:27-78, 
However, such cryptic variation would tend to obscure (rather 
than produce) any recurrence of systematic regional patterns 
across species. 

It is possible that the similar geographic patterns of the shared 
polymorphisms in the two species are the result of selection 
acting on genes closely linked to the enzyme loci, rather than 
on those loci themselves. If this is so, the identity of such genes 
and their disequilibrium with the loci studied would presumably 
have to be similar in each species. Similar disequilibrium could 





p i, be established in both species if it ante-dated speciation (at least 
“10° generations ago”). However, it seems likely that most of 





this disequilibrium would have subsequently decayed, unless 
maintained by epistatic selection. The loci studied could partici- 
pate directly in any such epistatic selection or be embedded 
among other epistatically-selected genes”. Except for the latter 
case then, we consider that the geographical patterns described 
_ here are most likely to be due to selection involving Est-6 and 
| Pam. 

___ We thank I. A. Boussy, S. Easteal, J. B. Gibson and W. R. 
_Knibb for valuable discussions, D. A. Willcocks for technical 
„assistance and F. M. Cohan, R. Anderson and W. R. Knibb for 
assisting in the collection of Drosophila. 
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Abundant evidence now indicates that atypical visual exposure 
early in the life of cats and primates can cause profound alter- 
ations in cortical organization’. In particular, it has been shown. : 
that preventing the use of one eye for vision early in life results _ 


in a marked shift of ocular preference among neurones of kitten _ 
visual cortex in favour of the exposed eye! 





much recent attention has focused on the possible role of phar- : 
macological agents in modifying cortical plasticity, with par- 


ticular reference to catecholamines. These experiments, which __ 


have shown that agents which modify cortical nonadrenaline __ : 
levels can alter the degree of cortical plasticity”, do not specify _ 
the mechanism of action, and leave open the possibility that 


other neurotransmitter systems may also be involved in cortical _ 


modifiability. We now report that chronic intracortical 
administration of L-glutamate during a period of monocular 
vision imposed on young kittens largely prevents the ocular 
dominance shift which normally occurs under these circum- 
stances, 

Eight kittens were monocularly deprived by eyelid suture for 
1-2 weeks, beginning 5-7 weeks postnatally (see Table 1). At 
the time of eye closure cannulae constructed from 30-gauge © 
syringe needles were stereotaxically implanted into the visual 
cortex of both hemispheres. The tips of cannulae were positioned 
0.5-0.85 mm below the cortical surface, with the bevelled open- 
ing facing anteriorly from the implant site. The cannulae were 
connected via PE tubing to osmotic minipumps (Alza Corpor- 
ation, models 2001 (1.0 pl h™') or 2002 (0.5 ul h~*)) containing 
either L-glutamate (0.4-0.5 M) in saline (pH 7.3-7.7) or saline 
carrier solution alone. Glutamate is known to increase the firing 
of cortical neurones, but not afferent fibres in cat visual cortex’. 
In the following discussion, ‘control’ will denote the saline- 
infused cortex, while ‘experimental’ will denote the opposite 
glutamate-infused cortex. Three of the eight kittens were pre- 
pared and recorded using a blind procedure in which the identity 
of the control and experimental hemispheres was revealed only. 
on completion of all the experiments. All of the above kittens 
were placed in the dark for 2 or more days at the end of the- 
infusion period to ensure that the glutamate infusion had been ` 
exhausted. Four additional kittens were allowed binocular 
exposure, and evoked and spontaneous activity was examined © 
in neurones of the visual cortex during glutamate infusion. 
Details of surgical preparation and unit recording techniques 
have been published previously*!°, 

Figure 1a~c illustrates results from a typical kitten which was 
allowed monocular exposure during glutamate infusion. In the 
control hemisphere (Fig. 1a), one observes the familiar loss of 
binocular influence and a shift in the ocular dominance distribu- 
tion in favour of the exposed eye. On the experimental side 
(Fig. 1c), binocular influence is less affected and only a small 
trend in favour of the exposed eye is observed. At distances 
>3mm from the implant site in the experimental hemisphere 
(Fig. 1b) the ocular dominance distribution is shifted towards 
the open eye, but still not as much as in the control hemisphere. 
Other investigators have reported a much smaller range (up to 
200 pm) over which glutamate usually alters neural activity”, 
However, these authors used iontophoretic techniques and a 
much smaller quantity of glutamate over much shorter periods 
of time. 


>. The cellular — 
mechanisms underlying these alterations remain uncertain, but 








NATURE. VOL. 308 19 APRIL 1984 


Fig. 1 a-c, Distribution of ocular dominance among cortical cells 
in a representative kitten (GK-10) subjected to monocular eyelid 
b c suture at 5 weeks of age. Osmotic minipumps containing L-gluta- 
mate or saline were implanted in a blind procedure. d, e, Combined 
results from all eight kittens subjected to monocular eyelid suture 
16 at 5-7 weeks postnatally. Conventions described below. d, Control 
hemispheres with saline infusion. €; Experimental glutamate- 
infused hemispheres. The ocular dominance distributions plot the- 
incidence of cells (on the ordinate) against a seven-point scale of 
ocular dominance devised by Hubel and Wiesel’, On this scale. 
the numbers from 1 to 7 represent a spectrum of ocular dominance — 
from complete dominance by the contralateral eye (group 1) 
through equal input from the two eyes (group 4) to complete 
dominance by the ipsilateral eye (group 7). a Shows that in the 
control hemisphere, which-received saline infusion only, most cells 
are driven well only via input from the contralateral eye which 
remained open through the deprivation period, In all kittens the 
1234567 1234567 1234567 difference in ocular dominance distributions between the control 
and experimental cortices became extremely clear as the experi- 
1204 0 c c = oE P ment proceeded. In the animals prepared and recorded as double- 
107 blind controls, it was easy to predict, within a very short time, 
d e which treatment each hemisphere had received. Based on ‘this 
prediction, we recorded at varying distances from the implant site 
in this kitten in order to gain a clearer idea of the range over which 
80 glutamate infusion prevented the ocular dominance shift. c Shows 
that the effects of monocular deprivation are considerably. less 
pronounced than in the other visual cortex into which saline was 
60 56 infused. Recordings here were made from 0:25 to 2.5 mm from 
46 the infusion site. The centre ocular dominance distribution (5) 
39 represents recordings made in the experimental hemisphere, but 
40 3-4 mm from the infusion site. The effects of monocular depriva- 
tion appear more pronounced here than near the site of infusion. ` 
+0 20 3 19 19 in e the graph for the control hemisphere is plotted as though the 
i contralateral eye was always sutured and therefore that the ipsi- 
3 3a 6 lateral eye was always sutured for recordings in the experimental 
hemisphere. This procedure was used in five of the eight animals 
1234567 1234567 studied. For one of the three animals studied with the blind pro- 
C O 0 C cedure described in the text, the experimental hemisphere hap- 
Ocular dominance pened to be contralateral. to the sutured eye, but we have plotted 
all the results as though the contralateral eye was always the sutured 
eye for recording the control hemisphere. Note that the naturally- 
occurring trend for contralateral eye dominance’? would minimize 
the glutamate effects reported here. In all histograms, C is the 
closed and O the open eye, respectively. 





No. of cells 





Table 1 Ocular dominance in monocularly deprived kittens 


Period of 
Age at infusion and 
eyelid Age at monocular visual % Ocular % Open eye 
suture recording exposure No. of dominance % Open dominated __ 
Cat code (days) (days) (days) cells§ groups 2-6 eye only groups 1-3 ees 


GK-1 49 58 6 Control 22 45 50 73 
Expt 58 88 12 61 

GK-2 50 69 13 Control 14 50 50 79 
Expt 30 70 17 50 

GK-5 35 55 14 Control 12 Q 100 100 
Expt 25 60 28 60 

GK-7*+ 37 68 14 Control 16 6 94 100 
Expt 0 — — — 

GK-8t 41 60 14 Control 18 28 72 95 
- GK-9* 41 66 14 Control 15 33 63 100 
Expt 37 78 19 65 





A GK-10" 35 84 14 Control 32 25 75 94% 


Expt 173 60 26 64 # 
GK-11 35 65 14 Control 26 35 58 gi 
Expt 18 72 27 94 


Totals: 

Control hemispheres 155 29 69 8&9 
Experimental hemispheres 241 72] 20] 60} 
Experimental hemispheres remote from infusion site} (>3 mm) 24 42 42 50 








* Prepared and recorded in double-blind procedure. 
§ Does not include cells recorded >3 mm from the infusion site (see ‘Totals’) or cells recorded during infusion. 
+ Sample too small for Mann-Whitney U-test. 

t Animal died before unit recording could be made in the other hemisphere. 

il Significantly different from control P< 0.005. 

# The glutamate-infused cortex was ipsilateral to the open eye. 
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Fig. 2 The chronic effects of 12 days of 

glutamate infusion (0.5 M, 0.5 pl h™') are 

examined by single unit recording and 

cytochrome c oxidase histochemistry. a, 
/ À parasagittal section (20 pm) containing 4 
9 





e infusion site, and an electrode track 
passing through this site (A > P), was pro- 
cessed for cytochrome c oxidase activity. 
The enzyme reaction products are darkest 
in the area surrounding the infusion site, 
especially in layers IV and V. Scale bar, 
1 mm. Ventral, down; anterior, left. The 
open triangle indicates the implant site. 
Serial reconstruction of the region of 
heightened cytochrome oxidase activity 
Suggests that this patch covered an area 
of 2.5-3 mm (A-P) by 1.0-1.2 mm (M-L). 
Similar cytochrome c oxidase results were 
obtained in another kitten. These results 
agree well with the physiologically deter- 
mined infusion area (Fig. 1b, c). In con- 
trast, saline infusion alone did not engen- 
der patches of heightened cytochrome c 
oxidase activity. Bars or gratings at six 
different orientations, spaced 30° apart, 
were moved under computer control dur- 
ing single unit recording. For each orienta- 

\ tion, there were two directions of motion. 

<7 ln this experiment a 2.6° period grating 
~~ was used, moved at 1-4 deg s™ (four repe- 
titions). The orientation selectivities of 
five representative neurones encountered 
during the penetration are shown in polar 
plots. In each case, the length of the line 
in a given direction indicates the strength 
of response for movement in that direc- 
tion. For example, if the longest vector 
points directly downward (270°) it indi- 
cates that the preferred direction of move- 
ment for a horizontally oriented grating 
is down. Scale bar, 25 spikes. The open 
circles show spontaneous activity. b, Same 
section as a, but at a higher magnification. 
Scale bar, 100 um. The intensely stained 
dark spots in various areas of the section 
are red blood cells. e an adjacent section 
from the same animal has been stained 
with cresyl violet. An examination of 
neurones in regions corresponding to the 

~olihightened cytochrome c activity shows 

“fo “pronounced pathology. Scale bar, 
100 ym. Ventral, down; anterior, left. The 
open triangle indicates the implant site. 






Essentially similar results were found in all eight kittens, 
including the subjects studied with the double-blind technique 
_ described above. Figure 1d,e and Table 1 summarize the results 


from all kittens. As shown for the individual animal, binocular 


convergence on single cells was always lower in the control 
hemisphere and the ocular dominance shift towards the open 
eye was significantly lower in the experimental than control 
Wortices (Mann-Whitney U-test, P< 0.005). 
Despite the relatively long period of drug administration, the 
general properties of cortical cells seemed unaffected once 
infusion was discontinued. The incidence of cells displaying 
orientation and/or directional selectivity showed little or no 
_ difference between control and experimental hemispheres. 
Velocity preferences, receptive field sizes and types, response 
strengths and spontaneous activity were all similar in the experi- 
mental and control hemispheres. Additionally, there were no 
marked differences in the numbers of non-excitable cells recor- 
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response amplitude and spontaneous activity were then © 








ded in either hemisphere. This latter result is perhaps surprising 
considering the known excitotoxic and pathological effect of 
glutamate on cortical neurones'*. While some deleterious effects 
of glutamate might have been expected at the implant site, it 
was difficult to distinguish these from possible pathology caused 
by the implant itself (see Fig. 2c). | 

To evaluate the significance of the previous results, we 
examined the effects of chronic glutamate infusion on neural 
activity during the actual infusion. Four kittens were prepared 
essentially as described above, but examined after 4-13 days of 
glutamate infusion. These kittens had only unilateral implants 
and were not deprived by eyelid suture. Electrode penetrations 
were angled to intersect the infusion site. All units encountered. 
(minimum interval between cells 100 pm, n= 75) were first 
plotted using a hand-held projector. Orientation selectivity, — 








examined using bars or gratings moved under computer control. 








The results were essentially the same in all four animals. On 
entering the cortex relatively far from the infusion site, most 


cells encountered had low spontaneous activity and showed 
strong responses with marked orientation and direction selec- 
tivity. Next a zone of very low spontaneous activity was encoun- 
tered in which the units’ evoked activity was also unusually 
weak. As the penetration continued, a zone of high spontaneous 
activity was entered. In this area, it was difficult to distinguish 
spontaneous from evoked activity’ 1 Leaving this area, the 
effects were reversed. The electrode first passed through a patch 
of poorly responsive cells before finally encountering cells with 
normal spontaneous and evoked activity. These patterns of 
activity were not encountered in regions >3mm from the 
infusion site. 

Figure 2a and b illustrate these results, showing at different 
magnifications a parasagittal section of the visual cortex which 
had been processed to detect the activity of cytochrome c 
oxidase, a mitochondrial enzyme whose presence reflects activity 


in the area of cortex being stained'*. The cytochrome c oxidase - 


reaction in this section shows enhanced activity adjacent to the 
infusion site, particularly in layers IV and V. The evoked and 
spontaneous activity of representative neurones encountered 
during the penetration are illustrated by orientation tuning 
curves. It is clear from the cytochrome c oxidase stain and from 
the neural responses that the glutamate infusion markedly dis- 
rupts the normal responsivity of cortical neurones. Figure 2c 
shows an adjacent section stained with cresyl violet, An examin- 
ation of the region corresponding to the heightened cytochrome 
c oxidase activity shows normally stained neurones. 

The results show that chronic glutamate infusion can prevent 
shifts in ocular dominance in the region of cortex in which 
activity is altered by the infusion. These results support the 
notion that normal postsynaptic cortical activity is an important 
determinant of cortical plasticity. The effects of glutamate are 
likely to occur primarily at the level of cortical neurones’, leaving 
thalamic inputs relatively unaltered (but see ref. 14) and so they 
suggest that the ability of the cortical neurone to respond effec- 
tively to its input is important for plasticity. 

Recently, there has been much interest in the possibility that 
plasticity in kitten visual cortex is re ulated by various 
catecholamines, notably noradrenaline“. While catechola- 
mines may indeed have a role in cortical plasticity, the results 
reported here suggest caution in the interpretation of these 
findings. It may be that the chronic depletion of noradrenaline 
alters postsynaptic activity and hence signal to noise ratios’> in 
a manner similar to that which we have reported here. If this 
is so, the mechanism by which catecholamine-depleting agents 
act on cortical plasticity may be very different from what has 
been suggested. It is interesting in this light that clear effects of 
iontophoretically applied noradrenaline can be observed on both 
spontaneous and evoked neural activity in cat visual cortex?©?, 
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The role of divalent transition metal ions in neural function is 
poorly understood. In excess, these ions are associated with 
neurological disorders such as Wilson’s disease’, Pick’s disease” 
and epileptic seizures**. We suggest that zinc ions, which are 
contained in nerve terminals, are extruded into the extracellular 
space during neuronal activity. Excessive levels of zinc may be 
released during intense neuronal activation, and contribute to 
the paroxysm and toxic damage observed. Zinc ions are con- 
tained in high concentrations in mossy fibres of the hippocampal 
formation’, and it is the postsynaptic neurones of these fibres 
which are most susceptible to the toxic effects of kainic acid, 
a potent convulsant, or to chronic exposure to organometallic 
compounds’. Here we demonstrate for the first time that Zn** 
is released into the extracellular space during excitation of 
hippocampal slices. 

For each experiment, eight transverse slices of rat hippocam- 
pus, each 150 wm thick, were maintained at 36°C in a specially 
constructed chamber®, which was continuously perfused with 





normal solution at a rate of 1-3 ml min™’. The composition ofi- 


the normal perfusing medium was (mM): 136.0 NaCl, 2.56 KCI, 
1.18 KH,PO,, 1.18 MgSOg, 1.8 CaCh, 10.0 D-glucose and 16.0 
NaHCO). KCI concentrations in the solution were increased by 
KCI/NaCl substitution. To minimize the concentration of Zn?* 
in the solution, we used the ‘Aristar’ grades of NaCl, D-glucose 
and KCI, the ‘Analar’ grades of the remaining chemicals (BDH 
Chemicals, Ltd), and double-deionized water. The concentra- 
tion of Zn2* in the samples was determined with an atomic 
absorption spectrophotometer (Pye Unicam SP9), using the 
principal absorption line (213.9 nm). The average Zn** content 
of the normal medium was 17.4+0.9 parts in 10° (p.p.b.). We 
determined the protein content of the eight slices used in the 
experiments to be 4.4 mg, from which we estimated their wet 
weight to be 45 mg. After 1 h of perfusion, the normal perfusing 
medium was replaced with medium containing an increased 
concentration of K* (either 12.5, 23.8 or 50 mM) or kainic acid 
(KA; 1-100 pM) for a period of 10 or 12 min. The tissues were 
then re-washed in normal medium, and additional samples of. 
perfusate were collected for another hour. The samples collected 
before, during and after the application of KA or high K” wer 
dried in vacuo, redissolved in 1 ml of 5 M HCI, and transferred 
to a plastic vial. 

The concentration of Zn* in perfusate collected during the 
application of high K* was higher than that collected during 
control periods. Figure 1a shows that the largest extrusion of 
Zn?* occurred during the first 6 min of stimulation, when 
electrophysiological recordings indicated that the neurones were 
displaying abnormal electrical activity characterized by a 
transient enlargement of evoked responses (Fig. la, insets) 
followed by a period during which responses could not be evoked 
(not shown), probably due to massive depolarization of the cells. 
The concentration of Zn?” in the fluid perfusing the tissues 
increased to a maximum of 30.7 + 3.2 107° during application 
of 23.8 mM K* and then declined gradually to the background 
level. The average volume of fluid collected for each 3 
sample was 3.98 + 0.12 ml. When the tissues were perfused with 
the normal solution again, the electrical activity slowly returned 
to normal. There was a small, but statistically significant, 
decrease of the Zn?” content in the samples collected during. 
the recovery period, suggesting that tissues were accumulating 
Zn?* contained in the perfusing media. All but two of the 21 
experiments using K* concentrations of 23.8 or 50 mM showed 
a similar increase of the Zn** concentration in the perfusate 
collected during the application of a high K” solution. By calcu- 
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lating the total amount of Zn2* released, and taking the hip- a ae 
pocampal Zn** content of the rat to be 16 p.p.m.71°, we have 













ye 
estimated that ~18% of Zn?* contained in the hippocampal ob tf 
slices was extruded during the application of high K*. A K 
This release of Zn?* by the tissues during hyper-excitation is g * Z j 
4 calcium-dependent. In six experiments, hippocampal tissues = y j 
were perfused with medium containing a low Ca?* concentration g Z A 
and high Mg** concentration for 1 h. This treatment, as expec- a y Z 
ted, abolished evoked Synaptic potentials (see inset nN S A Z 
labelled O in Fig. 1b). The tissues were then perfused witha 3 | j f In 
solution containing high K* for 8 min, after which they were Š Z y Y ZY 
allowed to recover in the normal solution. In all these experi- ) y Z GY Z H i 
ments, a pulse of high potassium failed to release Zn?* into the ead 
fluid superfusing the tissues. The measurements obtained from J 
one such experiment are shown in Fig. 1b. “m w -a la e s v s 
As kainic acid is known to produce prolonged excitation?! Time (min) 
and toxic damage of hippocampal neurones®, we perfused our ; 


_ slices with this toxin. A large amount of Zn?" was released by 
hippocampal tissues stimulated by KA. After 1h of incubation “8 o AN 











in the normal solution, tissues were similarly perfused with a 2 
solution containing KA 1, 10 or 100 uM except that only four E 
samples, each lasting 5 min, were collected and concentrated = g 5 
10-fold as described above. The average volume of fluid collec- 4 ü 
ted during each 5-min period was 13.5+0.7 ml. The results of A $ 26 
14 experiments, each containing eight hippocampal slices, are Ñ l p 
summarized in Fig. 1c. The mean difference in the concentration : | . S o 
,, of Zn** between the control value and after the first 5 min of e o 
AAKA application is 5.6+1.5 p.p.b. whereas that between the Ee Me MS See -25 
Control value and the second 5 min of KA application is 4.2 + 1.3 Time tions) 
p.p.b. There was a small but Significant decrease (2.2 + 1.1 p.p.b.) 
in the concentration of Zn?* in the perfusate collected 1 h after - 1 Release of Zn?* from hi mpal slices in vitro. a, The 
application of KA, again Suggesting that the slices were taking ze content of the perfusate fallv@ine lot the concentration 
up some of the Zn** contained in the normal medium. Analyses factor) collected before, during and after exposure to a high K* 
of the time course of this release showed that the period of concentration (23.8 mM) is compared with that of the normal 
maximal extrusion of Zn** coincides with the period during solution (17.4£0.9 p.p.b.). Samples of perfusate were collected 
which the tissues were hyper-excitable (see inset labelled +5 in at the time indicated on the abscissa. At the arrow, the perfusing 
Fig. 1c). medium was ranged gai the a solution ps solution 
in intact aai, Mom the hippocampus wasalso demonstrated _ Containing high K*. The between the control ahon snl ike 
in intact animals. Nineteen rats were injected intraperitoneally perfusates (n = 7). Error bars represent 1 s.e.m. The three traces 
(i.p.) with KA at 19.4 mg per kg to produce convulsions for in the inset are evoked responses recorded from the CA3 regions 
2 h as described pr eviously”^, and their hippocampal and serum following electrical stimulation of the mossy fibre bundle. Note 
zinc content were compared with 19 matched control rats which that the evoked response obtained 3 min after the application of 
received i.p. injections of saline. The hippocampus of the con- high K* is higher in amplitude than the two control responses. 
vulsed rats contained 9.7+2.7% less Zn?* than that of the Calibration bars for all traces: 5 mV and 5 ms. b, The bars represent 
normal rats. On the other hand, the serum of the convulsed rats the concentrations of Zn?* in perfusate collected in one typical 
contained 12.643.5% more Zn** than the control samples. experiment, in which the perfusates were normal medium (at ~60 
gus, we conclude that hippocampal Zn?* is depleted during and +60 min) and low Ca?*/high Mg?* (between ~30 and +30 
OM, min). The K* concentration of the latter perfusate was increased — 
epileptic episodes. o. i at the arrow and continued for the time indicated by the hatched 
We have considered, and eliminated, several possible sources bars. The synaptic potential in the low Ca2* solution was abolished 
of artefacts. The observed increase in the concentration of Zn?* (see inset) and did not recover until the normal medium was 
during application of KA and high K* could not have been due perfused again. c, The differences in Zn?* content between the 
to contamination from the chemicals, as if this were the case, perfusates collected before, during and after the application of 100 
the concentration of Zn?* in all samples collected during the uM KA (averages of 14 experiments). Each collection period 
application of the solutions would have been high. This does lasted for 5 min. The insets indicate that the evoked response was 
not accord with our findings. Moreover, efflux of Zn2* was not enhanced during KA application (+5 min). 2 


detected in a Ca’*-free medium or when the doses of the 
convulsants used were below 12 mM K* or 1 uM of KA. | phoan S 
That endogenous Zn** is released from brain tissue by KA are now performing experiments to investigate these actions. 
and by increased extracellular potassium is a novel finding which Previous work on lobster muscle and mammalian cortical 
has several implications. The hippocampal formation of rat neurones indicates that the presence of Zn?* in low concentra- 
contains ~16.2 +0.3 p.p.m. of Zn** (refs 9, 10). Our calculation tions in the incubating medium interferes with y-aminobutyric 
reveals that 18% of the total zinc contained in this tissue is acid-mediated responses!*!*, Also, a massive efflux of Zn** in 
extruded into the perfusing medium when the perfusing solution a confined extracellular space may alter the pH of the microen- 
ntains 23.8 mM KCl. If we assume that the extracellular space —— vironment, leading to cellular damage. The CA3 hippocampal : 
occupies 15% of the brain, the local concentration of Zn** at neurones, which are innervated by the mossy fibre bundle con-- 
the peak of convulsive activity must reach almost 300 uM. Such — taining the highest concentration of Zn** (ref. 5), are among | 
a transient increase in the extracellular concentration of Zn** the first group of cells destroyed by KAĆ. The Possibility that 
could have a profound effect on neuronal function. From the the toxic effects of this drug are due to the release of 7 
known complexing behaviour of zinc ions, we can deduce that _ deserves careful investigation. Finally, there is the intr 
-they will bind with organic ligands and perhaps interfere with -possibi y that zinc ions are normally extruded from presy 
_transmitter-receptor interaction. However, the postsynaptic - terminals during transmitter release, as the release we obs 
` actions of Zn?* on hippocampal neurones are unknown and we is Ca?*-dependent. Until more information is availabl 
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-the cellular compartment from which zinc ion 
and the mechanisms of this release, the ideas we pro 
must remain highly speculative. Whatever the role of 
metal ions in the brain, our findings. suggest that Zn** may be 

among the endogenous divalent ionic species which modulate 
neuronal responses. oe 
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The mossy-fibre axons of the hippocampus form a dense plexus, 
uniquely rich in chelatable zinc'™’. Because the metal is ap- 
parently concentrated within the terminal bags of the axons ga 
it has been hypothesized that the zinc is involved in mossy-fibre 
~ synaptic transmission’. Although some electrophysiological 
findings” have favoured the hypothesis, neither preferential 
uptake of zinc into the hippocampus’”" nor depolarization- 
induced release of zinc from hippocampal tissue’* has previously 
been found. Using the hippocampal slice preparation, we now 
report that the mossy-fibre neuropil and cells of origin (dentate 
granule cells) take up zinc preferentially, and that electrical 
stimulation selectively facilitates both uptake of exogenous zinc 
into mossy-fibre neuropil and release of previously incorporated 
657 from the tissue. The results suggest that the role of zinc 
in mossy-fibre axons is dynamically linked to neural signalling 
processes. 

Our investigation of zinc metabolism in mossy-fibre axons 
==. was guided by the finding that only 10% of total hippocampal 
coo gine is associated with mossy fibres'?. The remaining 90%, 

< representing ‘background’ zinc. (60-80 p.p.m.) distributed 
throughout all grey matter’*"'*, presumably reflects the multiple 
roles of zinc in cell biology’. We reasoned that even vigorous 
-zinc turnover in mossy fibres would go undetected if studied in 









_ the tissue of a whole hippocampal slice. Therefore, to examine 
~ mossy-fibre zinc uptake directly, we microdissected hippocam- 
¿o paltissue into cytoarchitectonic fields and compared zine utiliz- 
ation in the mossy-fibre region with utilization in the other 


- To.determine the ppropriate conditions for studies of mossy- 
7 itake, we first examined the kinetics of zinc uptake 
in slices of whole hippocampus. The results indicated that at 





fibre zinc uptake, 








least two zinc transport systems operate in parallel (Fig. 1a,b). 
< Eadie-Scatchard analysis indicated a high-affinity system (K,, = 
126M; Vmax = 58 ng per mg per h) and a low-affinity system 
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Fig. 1 a, Eadie-Scatchard analysis? of zinc uptake into hip- 
pocampal slices, Velocity of uptake per substrate (0.5-1,000 pM 
zinc) is plotted as a function of velocity of uptake (ng per mg per 
60 min), showing two distinctly separate kinetic processes. Lines 
of best fit were determined by linear regression analysis (7 = >0.95) 
with each point representing the mean for five to seven separate 
experiments (s.e.m. < 10%). b, Total zinc uptake separated into 
high-affinity and residual components. The hyperbolic curve A 
represents the total zinc uptake. Curve B shows uptake by. the 
high-affinity mechanism as demonstrated by the formula V= 
Vinay S/(S+K,,), where V is the rate of accumulation of zinc 
in ng per mg per 60. min and S is the uM concentration. of zinc in 
the incubation medium”. The kinetic constants (apparent K m and 
Vmax) were derived from Lineweaver~Burk analysis”® of the data. 
Curve C shows the mathematical difference between curves A and 
B (the total uptake minus the high-affinity uptake) and presumably 
represents the low-affinity uptake. Each point represents the mean. 
for 5-7 experiments (3.¢.m. < 10%). a 
Methods: For the uptake studies, 8-10-week-old Jackson mice ` 
(C57BL/6J) were decapitated, the brains rapidly removed, and 
transverse slices of hippocampus, 0.45 mm thick, were-cut mechani- - 
cally. Slices were preincubated at 37°C in oxygenated {95% -Oz 
5% CO) medium (124 mM NaCl, 5 mM KCI, 26 mM NaHCO, 
10 mM glucose, 2.4 mM CaCl, 1.24 mM KH.PO,,. 1.3 mM- 
MgSO,) for 60 min?’*° and were then transferred to a 2-mi well 
containing a predetermined amount of Zn diluted with natural 





zinc to yield a final medium concentration of 0.5-1,000 uM Zn’? 
Transport was halted by rinsing the slices in ice-cold substrate-free ` 
medium; the slices were then blotted and oven-dried to constant 
weight. The decay activity of y rays at 1.11 meV was measured 
on a germanium detector. Specific radioactivity of 557 present in 
the tissue was compared with that of Zn in the medium and 
corrected for efficiency and different specific activities in the 
medium. 


(Km = 402 pM; Vinax = 113 ng per mg per h). Lineweaver~Burk | 
analysis yielded similar results (Km = 18 pM; V narx = 9.2 ng per 
mg per h and Km = 320 uM; Vinax* 103 ng per mg per h). 


Subsequent experiments with low concentrations (20 pM) of - 


substrate in the medium revealed that the high-affinity system 
saturated slowly (over a period of 6 h) and was energy depen- 
dent, being markedly suppressed by both cold (42% at 4°C 
compared with 37°C; P<0.001, Student's t-test) and ouabain 
(54% with T00 uM ouabain in the medium; P< 0.001, t-test). 
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Fig. 2 a, The diagram on the left illustrates the pyramidal and 
granule cell fields of the hippocampus. The stippled area indicates 
the location of the mossy-fibre neuropil arising from the granule 
cell layer of the dentate gyrus. The diagram on the right shows 
the cytoarchitectonic regions of the hippocampus (indicated by 
dashed lines) that were dissected for assay (the dentate gyrus 
granule cell/molecular area (D), the hilus of the dentate gyrus 
(H), and the CAI and CA3 hippocampal pyramidal cell fields). b, 
Columns represent the baseline uptake velocities for unstimulated 
tissue (the dentate gyrus granule cell/molecular area (D), the hilus 
of the dentate gyrus (H), and the CAI (Ci) and CA3 (C3) 
hippocampal pyramidal cell fields) for nine separate experiments 
{+s.e.m.). Uptake varied significantly among the regions (P < 0.01; 
a ANOVA), and uptake into regions D and H was significantly 
| greater (P < 0.01; Duncan’s test) than uptake into the CA1 region, 
<o ¢ Columns represent the percentage increase in uptake 
>. ({stimulated uptake velocity — unstimulated velocity/ unstimulated 
velocity] 100%) produced by electrical stimulation. Stimulation 
parameters were set at 1.25 times the typical threshold for CA3 
evoked field potentials (0.8 pA 100 um“): 0.4-ms cathodal pulses 
_ (capacitatively coupled), 1A 100 m”?, 25 pulsess™'. Total 
incubation time in “Zn was 30 min (including the 25-min period 
of stimulation). The stimulating electrode (a) was made of plati- 
num-iridium wire (75 um diameter) curved to overlie the gran- 
ule cell dendrites (uninsulated curved portion was 1.5 mm in length; 
total current, 2mA). Mean values for nine experiments are 
shown; significance of the stimulated versus unstimulated differ- 
ences was P< 0.05 (+) and P< 0.001 ( ++); t-test (s.e.m. < 10%). 













= > Similar zinc uptake kinetics have been observed in other tissues, 
-> including striatum and neocortex'®, pancreas!’ and liver'®. 
= The specific uptake of zinc into the mossy-fibre neuropil was 
investigated by incubating intact, transverse slices of hippocam- 
~ pus in °°Zn, then dissecting separate cytoarchitectonic regions 
-= free for assay. Slices were first incubated in °°Zn-containing 
medium. (20 uM; 1.02 pCim!™!) for 30 min. Subsequently, 
"© slices were rinsed, blotted, placed flat on glass plates, slowly 
¿freeze-dried then dissected into cytoarchitectonic regions (Fig. 
~~" 2a) under microscopic control (Zeiss, x40). Tissues from 
individual regions (pooled from three to four slices) were 
lected separately on foil, dried to constant weight and assayed 
or °°Zn activity for y-ray decay at 1.11 meV. 
<- „The regional analysis revealed a definite relationship between 
<o Mossy-fibre tissue and zinc utilization (Fig. 2b). Specifically, 
‘both the tissue sample (D) comprised of somas and dendrites 
„of. the granule cells, and the sample (H) containing the dense 








ssy-fibre plexus of the hilus incorporated over 40% more- 
¢ than the CA1 sample (C1) containing no mossy fibres. - possi 
more, the CA3 sample (C3), containing a single band 






hermore, the aining < . 
ok upan intermediate amount of zinc. Interes 
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Fig. 3 Radio-zinc efflux into the superfusate before, during and 
after stimulation applied to the granule molecular zone (electrode. 
placed as in Fig. 2a: 24A 100m, 12.5 pulsess~', 0.4-ms. 
cathodal pulses for 60 s; bar marked ‘S’ shows the collection period | 
corresponding to the time of stimulation treatment. In all release 
experiments, two hippocampal slices were stimulated. simul-_ 
taneously to double the yield of zinc into the medium. In both. 
panels, means (+s.e.m.) from six experiments are shown. The. 
10-min rinse period immediately preceded the collection of the 
first aliquot. The superfusion rate averaged 0.75 ml min™?, and the - : 
tissue chamber volume was 2.0 ml. Note the absence of stimulations 

induced release in high Mg?” (20 mM), low Ca2* (1 mM). 











ingly, zinc uptake did not parallel the endogenous zinc content 
of the tissues. 7 } ee 





flow, . | ni 

Electrical stimulation applied to granule cell dendrites selec- 
tively facilitated uptake of zinc into tissue containing mossy. 
fibres (Fig. 2c). The hilar sample showed the largest increase. 
in uptake and CA3 a smaller increase. Uptake into the granule 
cell region was also slightly enhanced during stimulation, 
whereas uptake into CAI tissue was not Significantly affected. 
An additional experiment indicated that the facilitation of zinc 
uptake was not due to lasting stimulation-induced tissue damage. 
Slices which were prestimulated in the absence of zinc for25 min 
and then subsequently incubated in “Zn-containing medium 
(20 4M; 30 min) did not incorporate Significantly more zinc 
than did slices treated identically but not stimulated (P> 0. 
t-test). The enhanced uptake of zinc into the mossy-fibre regio 
during stimulation of the granule cells may reflect augmented 
utilization of zinc in neurones, or even in glia. However, bec: 
the preponderance of the endogenous zinc in the regio 
located in mossy-fibre terminals*”, it is likely that gran 
stimulation facilitated zinc uptake directly into moss 
minals. | A 

To test for stimulation-induced release of zinc, we first inc 
bated slices of hippocampus in °°Zn-containing medium (20 pM 
5.3 pCi mI”; 60 min), then rinsed the slices by a 10-min supe 


period immediately before stimulation, “Zn efflux during the 
2-min period starting at stimulation onset was increased by 38° 
(average of six trials; P<0.025, one-tailed t-test for matched. 
pre- and post-stimulation samples). Parallel experiments wit 
lowered Ca** (1 mM) and elevated Mg** (20 mM) in the super 
fusion medium indicated that zinc efflux during stimulation wa 
mediated by calcium-dependent mechanisms, consistent wit 
possible release from presynaptic terminals'® (Fig. 3). 
present results indicate that the turnover (uy 
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trical stimulation of the dentate gyrus. The find 


gs a 


arly consistent with the possibility that zinc is invol 


ynaptic signalling functions of mossy-fibre axons. Whether zinc 
sarticipates directly in classical synaptic neurotransmission*~” 
yr is involved in neuromodulator””** or neurotrophic??? 
nessenger functi ins undetermined. Regardless of this, 








ons remal 
he present data suggest that zinc may be involved in processes 

mamically coupled to the electrophysiological activity of the 
mossy-fibre axons. 
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- Self tolerance is H-2-restricted 
Polly Matzinger*, Rose Zamoyska 
_ & Herman Waldmann 


: Department of Pathology, University of Cambridge, 
ee Tennis Court Road, Cambridge CB1 20P, UK 


_ H-2 -restriction is an established characteristic of T-cell 
behaviour’ and, in effect, it means that mouse T cells are 
activated against foreign antigens only if those antigens are 
presented in a membrane association with molecules of the 
_— mouse major histocompatibility complex, H-2. Whether T-cell 
_ inactivation or tolerance is also H-2-restricted is a question 
_ which has been tested directly** and indirectly” several times 
_ in the past. In each case the answer was ‘No’ but in each case 
the answer was inconclusive. Doubts arose because of the 
observation that activation of T cells, in vivo, is an H-2- 
restricted event which appears unrestricted because of antigen 
"processing by the host®”. If antigen processing is involved in 
the induction of tolerance, then tolerance might also be an 
_ -H-2-restricted process disguised to appear unrestricted. We 
-report here a study designed to minimize antigen processing in 
_ which we find that T-cell tolerance induction to ‘self’ minor 
_ histocompatibility (H) antigens is indeed H~2-restricted. 
‘The strains of mice we used carry the H-2° and/or H-2¢ 
alleles and differ by a variety of minor H antigens. An example 
of H-2 restriction in T-cell activation is shown in Fig. 1. Normal 
(B10 B10.D2)F, mice (themselves H-2° x H-2%) respond 
well to the foreign minor H antigens carried by BALB/c mice 
and these responses are H~2-restricted. Those T cells which are 
ctivated against BALB/c (H-2 d) lyse BALB/c but not 
ALB.B (H~2°) target cells (Fig 1a), and vice versa Fig. 10. 
et us consider whether or not tolerance induction is restricted. 
B10 B10.D2)F, T cells which have matured in a BALB/c 
vironment should be tolerant of the BALB minor H antigens 











a association with H-2°. If tolerance is restricted, such- 


himaeras should not be tolerant of, and should respond to, 
hese same BALB minor H antigens when presented with H-2”, 
combination of H-2 and antigen to which they have not been 
xposed. However, if tolerance is not restricted and can be 
nduced by presentation of 
hould be tolerant of the BALB minor H antigens regardless 
yf their associations with H-Z. 
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Fig. 1 Mouse strains used in the experiments are given below: 4 
Minor 
Strain Abbreviation H-2 type H type 
een 
B10 b B10 
BALB.B CB b BALB 
C3H.SW SW b C3H 
B10.D2 d B10 
BALB/c C d BALB 
DBA/2 D2 d DBA 
(B10 x B10.D2)F, | (BxD) bxd B10 
(BALB.B x BALB/c)F, (CBXC) bxd BALB 





Cytotoxic response of a normal (B10 x B10,D2)F, mouse against 
BALB.B and BALB/c. The mouse was primed at the same time 
and with the same antigens as the chimaeras (see Fig. 2 legend). 
Two months after priming, its spleen cells were cultured for 5 days 
against C (a) or CB (b) irradiated (2,200-3,300 rad) stimulators 
and assayed for killing activity on 2~3-day concanavalin A (Con 
A) blasts. Specific *'Cr release is calculated as (experimental ~ 
spontaneous release)/ (detergent — spontaneous release). Since 
effector: target (E : T) ratios vary from mouse to mouse, we present 
here responder dilution instead. Cells were. collected aft 
in culture, spun down and resuspended to the minimum 
necessary to test on all targets and diluted in threefold. 


Highest dilution E:T here is 133:1 calculated from the 
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Fig. 2 Cytotoxic responses of thymus-grafted radiation chimaeras to various minor H anti 

oo oo which had been thymectomized at 6-8 weeks of age, irradiated with 875 rad at 3 months of age and reconstituted 4 h later with anti-Thy j to 
- .C-treated (B10xB10.D2)F, bone marrow. Three weeks later each chimaera was grafted with two irradiated (600 rad) neonatal thymuses 
< under the kidney capsules. Some mice were given two identical thymuses and others were given one each of two different thymuses. Male 
recipients received male bone marrow and male thymuses, whereas female recipients received female tissues. The combinations described in 
Table 1 are reported here. Three and a half months after thymus grafting all chimaeras were immunized intraperitoneally (i.p.) with 2x 10° 
each of mitomycin-treated (C * CB)F,d and (DBA/2 x C3H.SW)F, spleen cells. Two to four months later they were given an ip. boost ofa. 
mix of 210° each C3, CB, DBA/2¢d and C3H.SW2 mitomycin-treated spleen cells. Three weeks to four months later spleen cells from 
the chimaeras were boosted in 5-day in vitro culture and assayed for killing on Con A blasts. Each spleen was split and stimulated separate — 
against C,CB,SW,DBA/2 and/or B10 and B10,D?. Although each culture was tested on several targets, only the killing activity against the | 
stimulating cell type is shown. In no case did any chimaera lyse B109, B10.D29 or (B10 x BLO.D2)F,% targets. Each mouse was. as 


gens. The chimaeras were (B10 x B10.D2)F, mice 






` mouse, with its grafted thymuses depicted in the upper left corner and the targets against + it | 
E:T ratios varied from 89:1 to 133:1 calculated from the number of cells originally cultured. 








The main reason why tolerance has always appeared unrestric- 2°) can be immunized to respond against foreign min 
ted may well be antigen-processing; if BALB minor H antigens antigens plus H-2, they can be tested for tolerance a; 
~ can be picked up by the (B 10x B10.D2) antigen presenting ‘self’ minor H antigens plus H-2* (BALB/c). Second 
-~ cells and re-presented in association with both H-2” and H-2°, some of our chimaeras with two thymuses, only one of 
-then tolerance would always appear unrestricted. We have carried the tolerogen. For example, a mouse might be gra 
attempted to mini ize the effects of antigen processing by with a BALB.B (H-2°) thymus (the tolerogen) anda B10. 
constructing thymus-grafted chimaeric mice carrying the test | (H~2*) thymus. The presence of the B10.D2 thymus shou! 
antigens only on the radioresistant cells of the thymus. Thus enable these mice to respond to foreign minor H antigens 
overall dose of antigen is low but the concentration of antigen association with H-2% and allow them to be tested for responses 
high where it may matter most (on the thymic antigen- to ‘self’ antigens plus H-2“, 
~ presenting cells), | | 7 We immunized our thymus-grafted chimaeras against a 
Unfortunately, this attempt at solving the processing problem panoply of antigens. Ninety-two male and female chimaeras 
ates another. Over the years, much evidence has recumulated were immunized and tested for T-cell killing activity against the 
indicating that Fy cells which have developed in a homozygous minor H antigens of BALB/c (‘self’+H-24), BALB.B (self + 
parental type thymus may respond poorly or not at all to an H-2"), DBA/2 (foreign + H-2°) and C3H.SW (foreign + H-2°), 
antigen when it is presented with the H-2 type of the unshared and all the females 












































































were immunized against syngeneic male 
parent? Therefore, chimaeras grafted with BALB.B (H-- cells. Table 1 shows the predicted responses of mice graf: 


2°) thymuses might not respond to any antigen associated with with different thymuses and Fig. 2 shows the responses of on 
H-2°. This problen __ Set of mice, each of which responded to foreign minor H antige 
DBA/2, C3H.SW or 3). Those chimaeras which bore thym 
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Fig. 3 Cross-reactions of chimaeric killer cells. Spleen cells which 

had been stimulated in 5-day in vitro culture with C3H.SW (a, 

b) or DBA/2 (c, d) were tested for cytotoxicity on SW and CB 

er D2 and C targets respectively. Each box represents a single 

culture of an individual mouse with its grafted thymuses given in 

the upper left corner. Highest E:T for panel a = 89:1, panels 
b, c, d = 133:1. 


-(BALB.B). Chimaeras ¢ and f, bearing respectively two 
(BALB/c xX BALB.B)F, thymuses or one BALB/c plus one 
-BALB.B thymus were unresponsive to both BALB/c and 
~BALB.B. This, of course, was a necessary condition for the 
“experiment, showing that thymus cells (the organ used to toler- 
` ize) express enough antigen to tolerize for spleen cells (the 
organ used to immunize). Chimaeras d, g and h show that 
tolerance is H-2-restricted. Chimaera g, bearing two BALB.B 
(H~2°) thymuses, was unresponsive to BALB.B but responded 
very well to BALB/c. Chimaeras d and h were reciprocal 
constructions. Mouse d bore a BALB.B thymus (the tolerogen 
with H-2°) and responded to BALB/c (H-24), while mouse 
h, bearing a BALB/c thymus, responded to BALB.B. 
` Is this tolerance only at the level of the helper cell? It has 
been suggested that helper cells are more susceptible than killer 
cells to thymic influences'*'*, thus the unresponsiveness of a 
chimaera carrying a BALB.B (H-2”) thymus to BALB.B may 




















but because the killers lack helper cells. The clearest way to 
test this was to look at killer cell cross-reactions. C3H.SW 
(H-2°) and BALB.B have many minor H antigens in.common 
as do BALB/c and DBA/2) as well as several which are 
ifferent’®. In general, mice of the B10 background will recogn- 
e unshared antigens so that killer cells 


re both the shared and unsh 
d against C3H.SW will cros: 


woos 


| that tolerance is truly H-2-restricted. 


be explained not by its lack of killer cells capable of responding 
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thymic imprinting (if it exists at all) is not absolute (see Fig. 2c); and (2). 
that animals bearing one C and one CB thymus are tolerant of both (see 
Fig. 2f.) 


These predictions are based on two fundamental findings: (1) that a 


BALB/c (Fig. 3c). If the chimaeras carrying BALB.B thymuses 
are tolerant only at the helper cell level then stimulation with 
C3H.SW should induce killer cells to the antigens shared with 
BALB.B, whereas tolerance at the killer cell level should oblit- — 
erate these killer cells, leaving only those killer cells able to see 
the unshared antigens on C3H.SW. Figure 3b shows that 
chimaeras tolerant of BALB.B respond only to the unique 
antigens on C3H.SW, while chimaeras tolerant of BALB/c 
respond only to the unique antigens on DBA/2 (Fig. 3d). 
Therefore, those chimaeras must be tolerant at least at the killer 
cell level. A ane 
Before we can conclude decisively that the tolerance we : 
observed is truly H-2-restricted, we must show that the 
responses to BALB.B (in animals tolerant of BALB/c) and to- 
BALB/c (in animals tolerant of BALB.B) is actually directed 
against new associations of the tolerated minor H antigens with 
the other parental H-2 rather than against any of the unrestric- = 
ted Oed-1-like antigens which differ between BALB/c and. 
BALB.B (refs 17, 18). We therefore tested the anti-BALB/c. 
killers (from a BALB.B thymus-bearing chimaera) on > 
(BALB.BxB10.D2)F, targets. The T killer cells directed 
against BALB minor antigens plus H-2* should not lyse targets 
carrying the minor H antigens with the wrong H-2 antigens 
(BALB.B H-2°) or those carrying the appropriate H-2 
molecules without the minor H antigen (B10.D2 H~2?). 
However, they should be active against the F, target which has 
received the right H-2 from one parent and the appropriate 
minor H antigens from the other. Figure 4b shows that anti- 
BALB/c killers from a chimaera tolerant of BALB.B behaved 
exactly like cells from a control chimaera (Fig. 4a). They do > 
not lyse BALB.B or B10.D2 targets, but are active against sae 
both BALB/c and (BALB.Bx B10.D2)F, targets. Figure åd 
presents the results for the reciprocal case of a chimaera tolerant 
of BALB/c which responds to BALB.B. We conclude that the 
activity is actually directed against the tolerated minor H anti- 
gens in a new combination with H-2 molecules and therefore 













H-2-restricted tolerance is the foundation for a model of 
alloreactivity’’, immune response genes™?? and at least one 
speculation about autoimmunity”. In addition, it may be the 
selective force against unlimited proliferation of H-2 loci. Ithas 
been argued that the polygeneism and enormous degree of MHC 
polymorphism reflects an. individual's need to have at least one 
MHC allele capable of associating with any pathogen. But why 
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Fig. 4 Chimaeric killer celis are directed against the tolerated 
minor H antigens in new associations with H-2 molecules. Cells 
were cultured for 5 days, carried in 20% lectin-free Con A super- 
natant for 2 days, and restimulated for 3 days before assay on 
_ appropriate Con A blasts. Highest E : T panels a, c = 89: 1, panels 
x b,d=22:1. Panels a, b, stimulated with BALB/c. Panels c,d, 


stimulated with BALB. RB. 


there is left over to respond to the world of foreign antigens. 
Perhaps this is why most animals seem to have a very limited 
number of MHC loci but the population carries an enormous 
number of alleles. 
- That | 





rant of many 
thymic cells. These might best be 
by antigen-presenting cells capable 


Stantly for both self and non-self 


ay whether these antigen-presenting 
back to the thymus (though they 
i olerance must become a dominant 
tivity. Figure 2d, k shows that animals which bear one thymus 
arrying, and one not carrying, BALB minor H antigens are 
tolerant. What has happened to the cells which traversed the 
B10 type thymus? They should respond to the BALB antigens. 
Are they suppressed?” or have minor H antigens been trans- 
ported from one thymus to the other? | 
Since this paper was submitted, Groves and Singer”? have 
ub | 


also. show that tolerance to minor H, 


ricted. In their case the tolerizing antige 











that the thymus is not unique in its ability to p 
for MHC-restricted tolerance. ae 
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self antigens is MHC-restricted | 
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It’? molecules, while cytotoxic T cells (CTL) recognize antige 
plus class I molecules pe: at 
MHC-restricted T cell is unable to recognize either the foreig 
antigen or the self-MHC product alone, but only a comple 
the two”’. Unresponsiveness to self antigens—self tolerance 
implies the deletion or suppression of clones of T cells 
reactivity to self antigens’, Here we demonstrate th 





cognition 


tricted CTL having s 
antigens. Minor histocompatibility a 
gen 


| which recognize allogeneic H 
To do this we chose the in vitro 


liferating cells'?. 
detection of all 
antigens!>. 
obtained 

















































| 1 CS7BL/10 (B10, H-2°) | 
pleen celis were stimulated with 
radiated (3,000R) B10.BR (H-2*) 
pleen cells at a ratio of 1: 1 at4 x 10° 
ucleated cells ml~’ in RPMI 1640 
ulture medium, supplemented with 
0% fetal calf serum, in a volume of 
Omi in 250-ml culture flasks (Co- 
tar no. 3075) in an upright position 
37°C, 5% CO,. On the next day 
day 1), §-bromo-2'-deoxyuridine 
BrdUrd) (Sigma) was added, The 
BrdUrd concentration used was 10~° 
M (a), 3X 107° M (b), 107° M (c) 
or 3X%107° M (d). On days 3 and 4, 
the cultures were exposed to light’* 
‘(a 40 W fluorescent light tube; Syl- 













% Specific *'Cr release 
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< responder cells were collected and assayed 
~ as described elsewhere”. Spontaneous *'Cr-release was between 22.8 
” -Fig.2 BALB/c (H-2°) spleen cells 100 
were stimulated with B10.BR spleen 

- cells in the conditions described in 
Fig. 1 legend. BrdUrd (6x 107° M) 
was added on day 1 and on days 3, 
4, 8, 6 and 7 the cultures were 
exposed to light for 90 min. Fresh 
BrdUrd (10°*M), 5% rat Con A 
> supernatant and 50 mM ao-methyl- 
|» pD-mannoside were added at day 4. 
_ > The surviving cells were primed in 
-o vitro with irradiated BALB.K (H-2*) 
“cells in the presence of rat Con A 
supernatant and a-methyl-D- 
mannoside for 7 days, then restimu- 
lated in the same conditions. a, On 
day 4 of the restimulation (day 18 of 
total culture) a sample of the culture 0 
cells was tested in a °'Cr-release 
assay on Con A blasts of BALB.K 
(@), B10.BR (O) and BALB/c (©). 
The responder cells were restimulated every 7 days; 
C3H/St (A), BALB.K (@), BALB/c (©), B10.BR (0) 
restimulation BALB/c (©), BALB.K (@), B10.BR (O) and BALB/ 
the individual targets was between 16.5% and 29.9%. 
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% Specific “Cr release 
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we devised a protocol which made it possible to obtain allores- 
tricted CTL by the BrdUrd and light method. 
< C57BL/10 (B10, H-2”) spleen cells were acutely depleted 
‘of B10.BR (H-2*) reactive T cells during a 4-day mixed lym- 
-phocyte culture using BrdUrd and light exposure and restimu- 
lated for another 4 days with irradiated TNP-modified B10.BR 
pleen cells (Fig. 1). Insufficient concentrations of BrdUrd dur- 
ng the depletion culture resulted in a CTL population which 
could lyse unmodified B10.BR targets to the same extent as 
INP-B10.BR targets. Higher concentrations of BrdUrd, 
wever, removed most of the B10.BR reactive cells, leaving 
the TNP-B10.BR reactive CTL. The low remaining alloreac- 
tivity is in agreement with the earlier finding that BrdUrd plus 
light can remove most (up to 99%), but not all, of the alloreac- 
ve CTL". Attempts to use the same protocol for the detection 
f minor histocompatibility antigen-specific, allorestricted CTL 
roved to be unsuccessful, probably due to a lower precursor 
quency of allorestricted, minor histocompatibility-specific 
TL compared with TNP-specific CTL, resulting in a depleted 
ture in which the remaining alloreactive CTL precursors 
‘numbered the allorestricted ones. Therefore, we modified 
rotocol and used a more stringent procedure for the deple- 
asting 7 days and exposing the cultures on 5 subsequent 
gh addition, interleukin 2 was added at day 4 to 
sors specific for allo-MHC into prolifer- 
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-vania F40CW) for 90 min at a distance of 10cm, the flasks being held 
-responder cells were collected, washed once, then restimulated with TNP-m 


< irradiated B10.BR spleen cells in the presence of 5% rat Con A supernatant an 2 
on B10 (©), B10.BR (©) and TNP-modified B10.BR (A) Con A blasts in a °*Cr-release assay 


% and 26.7%. R:T, responder/target ratio. 


3.4 


51Cy-release assays were done 4 days after restim 
), A/J (7), B10.A (A) and (BALB/c A/J)F, (W) targets were tested. After the ninth 
cx B10.BR)F, (V) targets were tested. The spontaneous *Cr-release of 


E:T, effector/target ratio. 
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in a horizontal position. After the last illumination, the surviving 
odified (10 mM trinitrobenzenesulphonic acid for 10 min at 37 °C), 
d 50 mM a-methyl-p-mannoside. After another 4 days, the 
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ulation. b, After the third restimulation, 
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of the input of viable nucleated cells. The remaining cells were 
stimulated twice in vitro with irradiated BALB.K (H-2*) spleen 
cells, which gave a CTL population showing strong killing ofA 
BALB.K, but only a low level of lysis of B10.BR concanavalin — 
A (Con A)-stimulated blasts (Fig. 2a). Repeated restimulations 
at 7-day intervals resulted in a loss of the remaining B10.BR 
reactivity, leaving a CTL line (called 25-1) that was presumably = 
specific for BALB minor histocompatibility antigens in the con- 
text of H~2D*, as shown by the reactivity pattern of this line 
(Fig. 2b,c). BALB.K, (BALB/c x B10.BR)F, and C3H (H-2*) 
targets were lysed, but not BALB/c, B10.BR, A/J (K*D‘), 
B10.A (K*D*) or (BALB/c A/J)F;. CS7BL/10 (H-2°) and 
BALB.B (H-2°) targets, tested in a separate experiment (data ` 
not shown), were not lysed. ne 





























encoded antigen”. The rec 
bility antigen is H-2D*-restr 
of (BALB/c A/J)F, targets. 





















Fig. 3 This is an independent 
experiment done using the same 
` strain combination and in the same 
conditions as in Fig. 2, but with one 
difference: the depletion culture was 
terminated and the in vitro priming 
Started on day 6 of the culture. 
Assays were done after the first (a), 
third (b) and ninth (c) restimula- 
tions. 


% Specific *'Cr release 


0.3 2.9 


oS A second, independent experiment (Fig. 3) was done in the 

-Same strain combination with one slight modification of the 

depletion protocol—the culture time was shortened by 1 day, 

_.. Which resulted in a higher number of surviving cells (7%), but 

_ also in a higher remaining alloreactivity (Fig. 3a). This alloreac- 

. tivity again faded out on repeated restimulations with BALB.K. 
The reactivity pattern of the resulting CTL line, 26-5, was 

~ identical to that of line 25-1 (Fig. 3b,c). In addition, with line 
¢ 26-5 the remaining alloreactivity was entirely H-2D*-specific, 
because B10.BR (K*D*) were killed, but B10.A and A/J (K*D°) 
were not. This lack of K* alloreactivity parallels the absence of 

K*+BALB minor histocompatibility-specific CTL in our lines. 

Thus, both independently derived CTL lines, 25-1 and 26-5, 
recognize a BALB minor histocompatibility antigen together 
with an H-2D* product. Because the CTL originated from 
BALB/c mice, they recognize a self minor histocompatibility 
antigen in the context of a foreign H-2 class I product. 

Similar results were obtained ina different strain combination: 
B10 spleen cells were depleted of BALB/c reactivity by the 
BrdUrd and light method and stimulated with B10.D2 (H~24) 
in limiting dilution conditions, revealing B10.D2-specific clones 
which did not lyse BALB/c. 

Our data show the existence of CTL in the spleens of normal 
mice which are capable of attacking self cell membrane antigens, 
provided they are recognized in the context of foreign MHC 
products. This illustrates that during the ontogeny of the CTL 
repertoire, clonal deletion of self-reactive cells occurs only via 
MHC-restricted T-cell recognition, that is, the induction of self 
Dlerance is MHC-restricted. However, the following objections 
ay be raised against this interpretation. 

(1) The nominal antigen recognized by the CTL lines 25-1 
and 26-5 is encoded in the BALB genome, but only expressed 
on the cell surface when H-2* genes are also expressed. Such 
H-2 allele-specific regulation of non-H~2 genes has not been 

< previously reported. Alternatively, the BALB non-MHC gene 

‘May regulate the expression of a class I-like antigen present in 

¿© the MHC of BALB.K. This would resemble the situation 

described by Fischer Lindahl et al *2 fora maternally controlled 

- factor. 

= (2) The antigen binding receptors of our CTL lines were 

constructed during the in vitro culture by somatic mutation from 

_ H-2*-reactive precursors. We feel this to be an unlikely possibil- 

` ity, although we cannot exclude it. 

ihe MHC restriction of self tolerance is suggested also by a 

f data obtained recently in a completely different system?, 

1 which minor histoincompatible [parent > F,] chimaeras were 

‘shown to contain CTL precursors specific for parental minor 

histocompatibility antigens +F, MHC, although these chimaeras 

ere tolerant to parental as well as F, cells. These data agree 
well with the results of our in vitro system. Our findings are 
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control’***, According to this hypothesis, some strains may be 
non-responders to certain foreign antigens (seen in conjunction 
with self-MHC) because they have been tolerized by exposure 
to a self antigen also seen in the context of self-MHC. The 
observation that T helper cells from a non-responder strain ca 
recognize antigen on antigen-presenting cells from another non- 
responder strain, if they differ only in their MHC”, is extended 
by our data to the CTL level because BALB/c, as well as 
BALB.K, can be considered as non-responders to BALB minor 
antigens as long as the latter are presented together with. 
syngeneic MHC products. F 
A second MHC-restricted level of self tolerance is suggested 
by recent findings from several laboratories demonstrating the 
existence of a special T-T cell interaction which results in. the 
suppression of a CTL response?*"*°, CTL precursors recognizing 
a minor histocompatibility antigen together with a class I prod- 
uct}, or a class I product alone (our unpublished observation) 
are prevented from functioning as CTL by other T cells express- 
ing these antigens on the surface. The latter have been called 
‘veto’ cells**. From the point of view of these veto cells, CTE ; 
responses against self antigens are Suppressed. As these cells 
show strong, specific suppressor activity in vivo, they may well _ 
have a role in maintaining self tolerance. $ 
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- In cultured fibroblasts, microfilament bundles terminate at 
-adhesion plaques (focal contacts), the specialized regions where 
_ the cells adhere most tightly to the underlying substrate. Vin- 
-culin is a protein concentrated in adhesion plaques’ and has 
__ been suggested as a possible link between the ends of the 
_ bundles of actin filaments and the plasma membrane’. If 
_ vinculin is one protein in a chain of attachment between the 
- bundles of microfilaments and the plasma membrane, it is 
_ important to identify other components which interact with 
___-vinculin. We have recently discovered a new protein in adhesion 
__ plaques which we refer to as talin’’*. Here we show that talin 
binds to vinculin, which suggests that talin may be involved with 
-- yinculin in the attachment of microfilament bundles to the 
plasma membrane at the adhesion plaques. 

Evidence for an interaction between talin and vinculin came 
initially from SDS-polyacrylamide gel analysis of sucrose density 
gradient centrifugation experiments (Fig. 1). When vinculin and 

=> talin are sedimented through separate gradients the peak con- 
-centrations of the proteins have sedimentation coefficients of 
approximately 6S and 8S, respectively. On sedimentation of a 

= mixture of the proteins, these peak values are essentially 
-> unchanged, but a significant fraction of the proteins shifts to a 
-© lower (more dense) position in the gradient. When talin is 
= centrifuged alone, it is first detected in the gradient in fraction 

14; similarly, when vinculin is centrifuged alone it is first detected 

in fraction 17. When the two proteins are mixed (Fig. 1, third 

panel) they are both detected in fraction 12, which represents 

a shift in apparent sedimentation coefficient of from 7.6 to 10.5 

for vinculin and from 9.4 to 10.5 for talin. Only a fraction of 

the vinculin moved into this complex with talin, but it is interest- 
_ing that a proteolytic degradation product of vinculin (J. R. 
- Feramisco and K.B., unpublished observation) with a molecular 
eight (M,) of 100,000 (just visible in the gel of this preparation) 
bound more efficiently to the talin. In this case the binding 
ppeared to be almost complete and the sedimentation 
‘ficient for the vinculin fragment shifted dramatically from 

out 5.38 to 9.48. 
he binding of vinculin to talin has also been confirmed in a 
el overlay assay (Fig. 2). This approach was modelled on recent 
experiments by Otto” in which radioiodinated vinculin was used 
in gel overlays to identify vinculin-binding proteins. These 
xperiments revealed a high-molecular weight vinculin-binding 
of gizzard and fibroblast extracts’. By using 


























deed talin (Fig. 2a) and have 
binding proteins 


-between the two 


ot-actinin 


Fig. 1 Section of SDS-polyacrylamide gels of fractions from four 
sucrose density gradients on which were sedimented talin alone, 
vinculin alone, talin and vinculin mixed together, or a-actinin and 
filamin together. When talin is centrifuged alone (top panel) it is 
first detected in fraction 14 of the sucrose gradient, the peak 
concentration occurring in fractions 16 and 17. Similarly, when 
vinculin is sedimented alone (second panel) it ts first detected in 
fraction 17 and the peak occurs in fraction 20. When the two 
proteins are mixed (third panel) the peaks of the two proteins are 
essentially unchanged but now the first fraction in which either 
protein can be detected is 12, representing a shift in apparent 
sedimentation coefficient of from 7.65 to 10.58 for vinculin and _ 
from 9.45 to 10.55 for talin, suggesting a complex between these 
two proteins. a -Actinin (6.48) and filamin (9.08) were centrifuged 
on a parallel sucrose density gradient as control proteins (bottom: 
panels). Note that there is a 100K degradation product of vineulin 
(J. R. Feramisco and K.B., unpublished observations) that binds 
quantitatively to the talin as evidenced by a shift in its position in 
the gradients from fractions 20-24 to fractions 13-16 when mixed 
with talin. 

Methods: Vinculin was purified as described previously '* with an 
additional step of gel filtration through Sepharose C1-6B. Talin 
was purified by a modification of our previous procedure”, omitting 
the initial phosphocellulose column. a-Actinin and filamin were 
purified as described previously'*. Before sedimentation the pro- 
teins were incubated separately or mixed together for 7h on ice 
in 150 mM NaCl, 0.1% NaN, 0.1% B-mercaptoethanol, 50 mM 
Tris-HCl pH 7.5, then layered over linear 5.20% sucrose density 
gradients prepared in the same buffer. The gradients were cen- 
trifuged at 4 °C for 20 hina Beckman $W41 rotor at 40,000 r.p.m. 
Each gradient was collected as 36 X11 drop fractions and fractions 
7-30 were analysed on 10% polyacrylamide gels'*, Photographs 
of sections of the gels containing the protein bands are shown 
aligned according to fractions for easy comparison of the position 

in the gradients to which the proteins had sedimented. 








distinct from myosin. The 100K protein co-migrates with 
a-actinin, but further work will be needed to confirm its identity. 
The reciprocal experiment in which radioiodinated talin was =` 
used to overlay gels, again revealed that vinculin is the major =o 
talin-binding protein in crude cell extracts as assayed by this 
method (Fig. 2b). In cells of gizzard extracts a second prominent 
band with a molecular weight of 150,000 is detected (Fig. 2b; 
lanes 1, 1’). This polypeptide co-migrates with a gizzard proteir 
that is structurally and immunologically related to vinculin®” 
In gels of chick embryo fibroblasts, where this protein is absent’, 
no oe is detected at this molecular weight (Fig. 2b, lanes 
2,2'). 0 ES 

The binding of vinculin to talin has been quantitated using aj 
specific immunoprecipitation assay (Fig. 3). Constant amount 
of talin were immunoprecipitated after incubation with 1“ 
labelled vinculin. The specificity of the assay was demonstrated | 
by the following criteria: only native iodinated vinculin bound 
to the talin (heat-denatured 125}.vinculin failed to bind, date 
not shown); addition of increasing concentrations of unlabelled 
vinculin displaced the binding of 125}_vinculin (Fig. 3), whereas 
an excess of a-actinin instead of vinculin had no effect (dat i 
not shown). The binding data were -subjected to Scat 











analysis" (Fig. 3, inset) which indic a higl 


te 









Fig. 2 Direct detection of vinculin-binding (a) and talin- binding 
(5) proteins in SDS gels. Photographs of Coomassie blue-stained 
gels and the corresponding autoradiographs are shown. In a, the 
gel slices correspond to a low ionic strength extract of chicken 
gizzard (lane 1), whole chicken embryo fibroblasts (lane 2), and 
purified chicken gizzard talin (lane 3). The autoradiographs of 
parallel gel slices overlaid with '75]-vinculin are shown (lanes 1’, 
2’, 3’). Note that the major vinculin-binding protein in the gel of 
whole fibroblasts corresponds to talin (a, lane 2'), whereas in the 
gel of the gizzard extract, bands that bind vinculin are also seen 
with apparent molecular weights of 200K, 180K and 100K (a, 
lane 1’). Some binding to the actin band is seen in both autoradio- 
graphs and this may reflect the affinity of vinculin for actin or a 
nonspecific interaction, since many iodinated proteins when 
denatured bind nonspecifically to the actin band in gel overlays?®, 
_In b, gels of the crude chicken gizzard extract (lane 1), chicken 
. embryo fibroblasts (2) and pure chicken gizzard vinculin (3), are 
shown, together with parallel autoradiographs (lanes 1’, 2’, 3’) of 
gels that were overlaid with '*“I-talin. The most prominent talin- 
binding component corresponds to the vinculin band at M, 130,000 
in gels of both the gizzard extract (b, lane 1’) and whole fibroblasts 
(b, lane 2'). A second major band, with an apparent molecular 
weight of ~ 150,000, is seen in the autoradiograph of the gizzard 
extract (b, lane 1’). Vinculin and talin were radioiodinated using 
the chloramine-T method!’ and !*5] from NEN. The iodinated 
proteins were obtained with specific activities of 7 10° c.p.m. pg? 
for vinculin and 10’ c.p.m. wg”! for talin. These were layered over 
gels at 2X10’cp.m.mI~ for 2h. Gels were prepared for the 
overlay procedure as described previously!®!8, The gel slices in 
_ . this figure were not from the same slab gel and the position of 
-> Migration of the bands differs slightly between the gels. The posi- 
_ tions of molecular weight marker proteins (M,x 107°) are indi- 
_ cated next to each gel. The marker proteins were myosin (200K), 
vinculin (130K) and actin (42K). 















‘molecule. The Scatchard plot deviates from a straight line, 
: indicating lower affinity interactions. Extrapolation from the 


Curve (not shown) suggests a second binding site with a K, of 
~2xX107°M. 
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Fig.3 Binding of '?°1-vinculin to talin. Talin (0.25 wg) was inc 
bated for 12 h at 0°C in a 0.2-ml volume containing '°*]-vineulin 









2 ml of the incubation buffer, followed by a centrifugation at 
3,000 g for 10 min. The supernatant was discarded and the pellets 
resuspended in 2 ml of the same buffer. They were centrifuged as 5 
before and the amount of '*5I-vinculin in the pellets measured in 
a y-counter. Controls were performed in which the talin was 
omitted and in these conditions less than 3% of the total counts 
bound, and these were subtracted from each measurement. Each P 
point represents the mean of two experiments. Inset: The data. 
were also plotted according to the Scatchard equation®: B/F oe 
N/K ~ B/K, where B= mol vinculin bound per mol talin, F is us 
the concentration of unbound vinculin (nM), N is the number of | 
binding sites (mol mol™'), and K is the equilibrium constant. From 
the extrapolated line (----- ), N is ~0.28 molecule of vinculin per 
molecule of talin, and the dissociation constant. Ka is ~10°°M 
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of talin with vinculin suggests a potential role in such a chain 
of attachment for these two proteins. Talin, however, does no 


studies have indicated an interaction between vinculin anc 
actin'?!* it has recently been reported that the effect of vinculit 
preparations on F-actin viscosity can be separated from vincu 
by chromatograph Ve 
confi 












K.B., unpublished results). If an attachment role for the 
Proteins is to be established, it becomes importar 
















to look for other proteins, particularly in the plasma mem 
that interact with the talin-vinculin complex. De 
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- The rat calcitonin gene has recently been shown to encode a 
__ novel peptide (rat calcitonin gene-related peptide, rCGRP) 
thought to be produced in nervous tissue after tissae-specific 







RNA processing’. This peptide has so far been identified only 
-in rat tissue, by immunocyt 
now report the isolation of a related (89% homology) peptide 


ochemistry and immunoassay. We 
-~ from human tissue (hCGRP) which we have sequenced using 
a novel mass spectrometric approach, fast atom bombardment 
(FAB) mapping**. The human peptide differs significantly from 


o the predicted rCGRP structure in four positions in the amino 
acid sequence (three effecting charge changes), and the presence 


of a disulphide bridge and an amide, surmised in the rat work, 

_ js proven in the hCGRP molecule. hCGRP was present in 
plasma from 10 patients with medullary thyroid carcinoma 
(MTC) and in 6 MTC tumours removed at surgery, suggesting 
the tissue distribution may differ from that in the rat where the 
peptide is reported to be absent from thyroid tissue’. hCGRP 
-is shown to have biological activity and it is possible that its 
“presence in MTC plasma may be responsible for some of the 
symptoms in this disease. 

Recently it has been reported that the rat calcitonin gene 
encodes a highly active peptide that is produced by tissue-specific 
RNA processing!”*, The rat peptide has been identified by 
-jmmunocytochemistry within the central and peripheral nervous 

systems but is thought to be largely absent from the thyroid. 
“There has previously been no evidence that a similar peptide is 
< present in man. 
©: To extract hCGRP, an antibody raised against T yr? rCGRP 
(28-37) (Peninsular Laboratories) coupled to ovalbumin was 
used to detect a cross-reacting peptide from 15g of human 
MTC tissue, obtained at operation. The tissue was homogenized 
in acid’ and the supernatant adsorbed to Waters C-18 Sep-Pak 
cartridges which were eluted with methanol:1% trifluoroacetic 
acid (TFA) (4:1). The lyophilized extract was further purified 
on a column of SP-Sephadex C-25 (83x 1.5 cm) using a linear 
gradient of 0-1.0 M NaCl in 30% acetic acid. hCGRP, calcitonin 
and katacalcin were detected by radioimmunoassay. hCGRP 
eluted as a single peak which was re-chromatographed by HPLC 
‘ona Spherisorb 5 p ODS column (10 x 0.46 cm) using a gradient 
‘of 40-90% methanol in 0.2% TFA, overall recovery 45%. 
Co The structure of human CGRP was determined by the FAB 
‘mapping strategy developed in this laboratory’ >". A FAB 
map of the digest of 2 nmol hCGRP gave the spectrum shown 
1 des were observed, only two of which 
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Fig.1 FAB map of a tryptic digest of hCGRP in 5% acetic acid 

as solvent and in a matrix of glycerol and monothioglycerol. The 

s a were recorded on a VG ZAB HF instrument using an 
M-Scan FAB gun operating at 20 pA beam current at 10 kV. 


tides were isolated and sequenced by FAB analysis, car- 


boxypeptidase B and chymotryptic digestion and amino acid papas 


analysis (this allowed assignment of leucine rather than 
isoleucine which has the same mass difference of 113 AMU). 
The two remaining unidentified peptides in Fig. 1 have 
quasimolecular ions at m/z 1,175 and 1,176, respectively. The 
signalat m/z 1,177 was deduced to be the di-thiol of an intra-S- 
S-bridged peptide at m/z 1,175 and the signal at m/z 1,283 
was assigned to opening of the disulphide by the thioglycerol 
used in the FAB solvent matrix. Reduction and carboxymethyla- 
tion of the tryptic digest followed by FAB mapping shifted the 
1,175 signal to m/z 1,291 in the negative ion spectrum, confirm- 
ing the presence of two cysteines in the molecule. That m/z 
1,175 originated from the N-terminus of hCGRP was proven 
by first acetylating the intact molecule and then digesting with 


* 


trypsin for a restricted reaction time of 10 min followed by FAB | 


mapping. The m/z 1,175 signal incorporated an a-N-acetyl 
group and shifted to m/z 1,217, whereas the m/z 1,176 signal 
remained unchanged; the thioglycerol adduct ion also move 
from m/z 1,283 to m/z 1,325, confirming the earlier interpre- > 
tation. A further signal at m/z 1,927 also carrying the acetyl- 


label showed that the order of the N-terminal tryptic peptides 


was the 1,175 peptide followed by the 729 peptide. i 
The mass of m/z 1,176 indicated a truncated sequence for- 

hCGRP compared with a calculated C-terminal tryptic peptide- 

mass for rCGRP of m/z 1,395. However, an experiment to 


determine the intact molecular weight of hCGRP gave a value 


for the M+H* signal of 3,786 (compared with 3,803 for — 
rCGRP). The mass difference between this and the sum of the - 
four tryptic peptides observed (3,569) showed that a small | 
tryptic peptide remained unaccounted for and that a new tryptic 
cleavage point was present in hCGRP, close to the C-terminus. 










Table 1 Amino acid ratios for HPLC peak tube fractions correspond- | 
ing to peptides detected by analytical HVPE z 


HPLC fraction Ratio of amino acids 


Fraction 20 ASXo agS€To,79G1Y1.79 Val; sal-¥81.0 
Fraction 28 Ala; oP he, o a o eee 
Fraction 60 ASX; o2 Thra.o¢Ala; Val, ots 14 ATi 
Fraction 72  ASXz.72Thto.97S ly; 5Val 





-Fraction 7 
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Fig.2 Low mass region of the FAB mass spectrum of intact 
hCGRP recorded in the same conditions as Fig. 1. For clarity 
N-terminally derived signals (shifting by 42 AMU on acetylation) 
have not been numbered. Sequence ion (ammonium) signals are 
often accompanied by alkyl species 15 AMU lower (labelled o), of 
equal or higher intensity at the higher masses. Other signals of 
similar signal to noise ratio are either N-terminal sequence ions 
or do not have calculated mass differences corresponding to 

amino acids. 


Table 2 Immunoreactive peptide levels in tumour tissue (a) and 
plasma (b) from patients with medullary thyroid carcinoma 


Calcitonin 
gene-related 
Calcitonin Katacalcin peptide 

470 9.0 8.4 
279 26 0.26 
323 19.6 0.21 

30 10.2 1.37 

13 25 5.1 

12 6.5 0.35 


Calcitonin 
gene-related 
Calcitonin peptide 
70 1.2 
24 1.2 
47 4.0 
27 0.84 
414 
42 2.0 
82 10.5 
10 0.84 
pai 1.3 
9.7 1.44 





a, Concentration of immunoreactive calcitonin, katacalcin and cal- 
itonin gene-related peptide in MTC tissue extract ex 
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y-Gly-Val-Val-Lys-. 
Asn-X where X is the C-terminus 
molecular weight of 605 (C-termini 
2AMU higher in Fig. 2 du 
ment*!°, These data also provi 
m/z 546 and the m/z 1,176 
(Fig. 1), and indicate (via the m: 
Cleavage site has been created 
position 35 rather than the glutamic 
Six nanomoles of remaining ht GR 
trypsin and the peptides purified b r- HP 
acid/n-propanol gradient elution’. HPL in 
were screened analytically (~2 nM. samples) by high ` ; 
paper electrophoresis (HVPE) at pH 6.5, where five pep idk 
were visualized by staining with Cd-ninhydrin. Amino acid 
analysis (Table 1) and dansylation of the purified peptides 
revealed that position 1 in the N-terminal (m/z 1,17 5) peptide 
is alanine rather than the serine predicted for rCGRP, and that 
a dipeptide Ala-Phe was released on tryptic digestion, confirm- 
ing the assignment of Lys in position 35 of the sequence, Finally, 
the N- and C-terminal FAB fragmentation data of each of the 
HPLC-isolated tryptic peptides together with the FAB map 
(Fig. 1) and the spectrum of the intact hCGRP (Fig. 2) led 


to the assignment of the overall structure of hCGRP shown 
below: 





































































$ $ 
Mig A}a-Gys-Asp-Thr-A}a-Thr-Cys-Val-Thr-His-Arg-Leu-Ala~Gly-Leu-Leu-Ser-Arg- 


Ser Giy-Gly-Val-Val-Lys-Agp-Asn-Phe-Val-Pro-Thr-Asn-Val-Gly-Ser-Lys-Ala-Phe-AMIDE 
z oth i 


The C-terminal amide was assigned definitively. from the 
m/z 607 mass of a C-terminal fragment (Fig. 2; the mass would. 
have been 608 if the molecule had possessed a C-terminal 
carboxyl group). This assignment is supported by the mobility 
of the Ala-Phe dipeptide on pH 6.5 HVPE, indicating a charge 
of +1. The presence of a disulphide bridge between residues 2 









It is not known whether the peptide is present in normal thyroi 
and circulates in normal subjects although preliminary st 









is present. Our evidence implies that the distribution « 
differs from that reported for the rat peptide althou 
be noted that the rat studies were based on “immuno 
evidence only and that our study rests on rigorous 
characterization of the peptide from MTC. PEE os 
Preliminary data on biological experiments, which wer 
limited by lack of peptide, show hCGRP can increase the rate 
and force of contraction of isolated rat auricles, thus extendin 
experiments with the rat peptide®. fe 


There are interesting theoretical and practical implications 


































this work. First, the human calcitonin gene may well prove. 
convenient model system for the study of tissue-specific gen 
expression. Second, immunoassay of the peptide may be 6 
diagnostic use in MTC and in cases with high levels of peptid 
it should be possible to determine whether some symptoms ¢ 
be attributed to it. In any event this novel human peptide n 
Prove to have an unexpected role in normal human physiol 
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— Polyoma virus is a papovavirus that productively infects mouse 
cells. In cells of other species, such as rat cells, polyoma virus 
_ is virtually unable to replicate, and a small proportion of infected 
_cells become stably transformed. The ability of polyoma virus 
to transform infected cells is determined by genes that encode 
__ the large, middle and small T antigens’ and which are found 
_ in the early region of the virus genome. We have inserted the 
_ transforming region of polyoma virus into a murine leukaemia 
-virus (MLV) vector, to generate a replication-defective trans- 
forming retrovirus which for the first time allows efficient trans- 
_ formation of mouse cells by the polyoma virus middle T gene. 
` During the life cycle of this recombinant virus the intervening 
sequence present in the original polyoma virus middle T gene 
was removed. The recombinant virus that we have constructed 
is analogous to other acutely transforming retroviruses, and 
demonstrates that the polyoma middle T gene is a dominant 
transforming oncogene. 
-. Polyoma virus middle T antigen is found associated with the 
plasma membrane of virus-infected cells*®, and in immune 
complexes apparently undergoes autophosphorylation on 
tyrosine residues’’®. However, middle T may not possess intrinsic 
kinase activity—recent data suggest that its phosphorylation 
may be due to an association with the host cell protein peor”. 
‘A variety of experiments’®'* demonstrate that middle T is 
‘responsible for the oncogenicity of polyoma virus, although 
ncillary roles have been suggested’? for small T and for the 
terminal portion of large T. 
The recombinant clone pDD101 was constructed as shown 
Fig. 1. A clone of an integrated MLV provirus’ was altered 
that it could serve as a vector for HindIII restriction frag- 
ents. A 3.0 kilobase (kb) HindIII fragment of polyoma DNA 
as inserted into the MLV vector, orientated so that polyoma 
virus early transcription would be in the same direction as MLV 
ranscription. This inserted fragment contains the early pro- 
‘t tire coding region for middle T and small T, a 
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ye T coding region and all donor and acceptor 
‘antigen mRNAs. As a consequence of the | 
polyoma viral sequences in place of MLV pol. | 
= 0:45 um filter. Serial dilutions of the culture fluids were assayed fo 

























D101 was biologically active for focus formation. pDD1E 
was also co-transfected with a clone of MLV, designated p83 
These transfected cells were expected to make infectious MLV 
and thereby allow packaging of virion RNA of the replication: 
defective virus encoded by pDD101. Culture fluids were coll 
ted from the transfected cells of each sample in Table 1 and 
assayed for focus-forming activity. Only the cells co-transfected 
with both pDD101 and p836 yielded transmissible focu 

forming activity. These results indicate that in the presence o 
helper MLV, cells transfected with pDD 101 yielded a transmiss 
able virus, designated PyMLV, which induced de novo focus — 
formation. TE 

The inserted fragment of polyoma DNA in pDD101 contains =~ 
the splice donor and acceptor sequences for the middle T gene. = 
We wished to determine whether the middie T intron was 
removed from PyMLV during propagation as a retrovirus. 
Primer extension sequencing was employed to determine — 
directly the sequence across the middle T splicing sites of- 
PyMLV, using the protocol outlined in Fig. 2. A sequencing gel. 
of the primer extension reaction products is shown in Fig. 3a.. 
This sequence analysis shows that the middle T intron was.” 
removed faithfully during propagation of PYMLV and selection. = 
for focus formation. 

In order to express a functional middle T protein from the 
early region of the polyoma virus genome, an intron of 62 bases 
must be removed from the early region transcript. Although | 
the polyoma DNA cloned into pDD101 contained this intron, — 
the resulting PyMLV does not. Thus, the polyoma middle T 
sequences in PyMLV can be viewed as a cDNA copy of its 
spliced RNA. In this regard, PyMLV is analogous to other. 
transforming retroviruses examined to date, which lack introns 
in their viral oncogenes. It was previously shown’* that an intron 
can be specifically removed from an a- globin gene inserted into 
a spleen necrosis virus vector. The present study extends this 
finding by showing that selection for one of several splicing 
events can occur, as indicated by the fact that PYMLV (encoding 
only middle T) was only one of several viruses which might have 
arisen from pDD101 by splicing events. 

In order to demonstrate that PYMLV directs the synthesis of 
authentic middle T antigen, cell lines infected with either 
PyMLV or polyoma virus were examined for the presence of 
middle T. Cells were labelled with *°S-methionine, and cell 
lysates were immunoprecipitated with polyoma anti-tumour 
serum. Immunoprecipitates were analysed by SDS-polyacry- 
lamide gel electrophoresis and detected by by fluorography?!’ 
Figure 3b, lane 4, shows the immunoprecipitate of a lysate’ 
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Table 1 Transformation of NIH3T3 cells eae 


nena e 


Focus-forming units 
per mi filtered 

supernatant from 

Transfected DNA Foci per pmol DNA transfected cells 
Mock 0 <$.0x 107 
pPyMT1 5.2 x 10% <5.0x 10? 
pDD101 7.0x10° < 5.010? 
= pDD101 + p836 3.7.x 10% 1.0x 10° 


Plasmid DNAs were transfected into NIH3T3 cells using the calcium 
phosphate-DNA coprecipitation technique’. Duplicate 1 pg sample 
of each DNA were assayed in the presence of 15 pg of calf thymus 
carrier DNA. Each sample was applied as a calcium phosphate-DNA 
co-precipitate to a Sem dish seeded about 24h previously with 2.5%. 

10° NIH3T3 cells. Each dish was subsequently trypsinized, and the: 
transfected cells distributed to four 10cm dishes. The focus assay was. 
scored 7 d after transfection. Four days after transfection, supernatants 


were collected from the transfected plates and filtered through a Nalgen 



















‘on plates of NIH3T3 cells. Virus adsorption t 




















h, in the presence of 8 ygml™* « 





ig- 1 Construction.of pDD101. p836 consists of a 
large EcoRI fra ment, containing a biologically active 
MLV provirus’*, cloned unto the EcoRI site of 

~PBR3222. It was necessary to remove the HindIII and 
Clal sites of the pBR322 portion of p836, which was 
. done as follows: DNA of PBR3222 was digested with 
. Hindill and Clal, after which the short protruding 

single-stranded ends were filled in using the Klenow i jtt 
Ecor] Hind IT 


Cfol 


ent bacteria. The 
contains the large 
k p836 cloned into pDD61. pDD68 
actually has two Clal restriction sites, although one 
f these (at MLV position 4980 in the sequence of 
ef. 18) is methylated in DNA grown in dam” bacteria, 
in which case it is not cleaved by Clal. DNA of pDD68 
was digested with Clal and the Single-stranded ends 
were filled in using the Klenow fragment of E. coli 
DNA polymerase I. This DNA was ligated with the 
- Hindu linker CCAAGCTTGG, which was pre- 
viously phosphorylated using T, polynucleotide 
kinase. After transfection, the plasmid pDD85 was 
identified in which the Clal site was converted to a 
Hindli site. To construct PDD101, equal amounts of 
PDD85 DNA and polyoma form I DNA were mixed, 
. digested with HindIII, and ligated. After transfection, 
PDD101 was isolated, which contains the large 
Hindill fragment of pDD85 and the 3.0 kb Hindill 
fragment of polyoma virus. The orientation of the | early» 
polyoma fragment in pDD101 was confirmed to be as ee 
shown in the figure by digestion with EcoRI, which 
cleaves asymmetrically within the polyoma Hindlll 
fragment. 


_ Fig2 PyMLV. isolation and primer extension nucleotide 
_ Sequencing. NIH3T3 cells were co-transfected with pDD101 and 
p836. The filtered culture fluid of these plates, which exhibited 
> many foci, was subsequently assayed on uninfected NIH3T3 cells. 
Cell lines were prepared from several foci produced by infection 
>o at limiting multiplicity of infection, and were designated 
ca PYMLV- 1, PyYMLV—2 and so on. Typical virus titres for these 
cell lines were about 1105 f.f.u. mI assayed on NIH3T3 cells, 
. andabout 1 x 10° XC p.f.u. mI7? assayedon XC cells'*. Viruseswere 
prepared from roller bottles seeded with PyMLV — 1 cells by rapid 
harvesting (every 8h) over a period of about one week. Viruses. 
_ Were concentrated and purified by sucrose gradient centrifugation 
according to standard procedures??, The primer for primer 
< extension sequencing consisted of a 50- base pair Haelll—Rsal 
o fragment of the polyoma virus genome which lies just downstream 
-of the middle T splice acceptor site (nucleotides 852-902, sequence | | DEL ae 
© of Deininger et af?'). This fragment was first subcloned as a unique ge CF9 culture fluid 


| €otranstect with cloned Mi 
r select for focus fo 


. EcoRI-Xbal restriction fragment by restriction site. reconstruc- | BR infect cells | 
o tion?” The primer fragment was 5’~**P—labelled using polynucleo- GM select: virus-induced focus 
-tide kinase** and the strands were separated by electrophoresis — | | Y prepare virion RNA 
ter denaturation in a 6% polyacrylamide sequencing gel. The 
‘ating strand was determined empirically to hybridize 
MLV RNA, which was prepared from -sucrose-gradient 
tified virions by phenol extraction. Hybridization of the primer 
RNA was in a buffer of 62% formamide, 0.4 M NaCl, 


temperature overnight. The RNA-~DN 
tated from the h 


NTPs). 


with one of 


junction 


oy 









































Fig. 3 Characterization of the PyMLV genome. a, The reaction 
products of primer extension nucleotide sequencing are shown 
after electrophoresis in a 6% polyacrylamide sequencing gel. The 
protocol is described in the legend to Fig. 2. The sequence shown 
here verifies the removal of the middle T intron from PyMLV 
virion RNA when compared to the expected sequence, which is 
shown in Fig. 2. There is some ambiguity in the sequence in the 
first several residues after the primer. This is due to a secondary 
structure feature of the primer fragment, which gives rise to a 
single-stranded DNA molecule with a hairpin formed by hybridiz- 
ation to itself, thereby creating a substrate for reverse transcriptase. 
This spurious hybridization gives rise to a ‘shadow sequence’ in 
the bottom of the gel, which terminates when the reverse transcrip- 
tase reaches the end of the hairpin formed by the single-stranded 
DNA fragment. Also note the ‘strong stop’ in the sequence at the 
end of the TTTT. This is characteristic of strings of T residues 
when sequenced by this method. b, SDS-polyacrylamide gel elec- 
trophoresis of proteins immunoprecipitated uuusing polyoma ant: 
tumour serum. In lanes 1-4 in vive 35§-methionine-labelled pro- 
teins were prepared for immunoprecipitation as described by 
Eckhart et al’, and detected by fluorography’’. In lanes 5-8, 
aliquots of the same lysates were examined for in vitro kinase 
activity as described by Walter ef al., and **P-labelled proteins 
were detected by autoradiography. Note the band of 
35§. methionine-labelled middle T in PyMLV(MLV)-infected 
REF52 cells (lane 4), which is also **P-labelled in the in vitro 
kinase assay (lane 8). REF52 is abbreviated R52. REF52 cells?" 
were obtained from William Topp. A cloned focus of REF52 cells 
-infected with PYMLV(MLYV) was supplied by Brad Ozanne. Poly- 
coma anti-tumour serum was prepared as the ascites fluid from 
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“Brown Norwegian rats bearing polyoma-induced tumours. 


of a rat cell line ‘REFS2 infected with PyMLV. A band of va 






35¢_methionine-labelled middle-T is evident, which co-migrates — 
with the band of middle T in lysates from polyoma virus-infected 
3T6 cells (Fig. 3b, lane 2). 

We also wished to examine whether middle T encoded by 
PyMLV was phosphorylated in an in vitro kinase assay, as is 
the case for authentic middle T”. Cell lysates were precipitate 
with polyoma anti-tumour serum, and then incubated with . 
[y-22P] ATP in a protein kinase assay. 32p.jabelled proteins 
were analysed by SDS-polyacrylamide gel electrophoresis and 
detected by autoradiography (Fig. 35, lanes 5-8). A strong band | 
of 22P-labelled middle T was evident in the lysate of 3T6 cells 
infected with polyoma virus (lane 6), and also in the lysate of 
REFS? cells infected with PyMLV (lane 8). The identity of the 
presumptive **P-labelled middle T protein was confirmed by 
partial proteolysis mapping (data not shown). 

These results demonstrate that PYMLV directs the synthesis 
of authentic polyoma middleT. When examined by 
35S methionine labelling the amount of middle T present in 
PyMLV- infected cells, although comparable to that in transfor- 
med cells, was not as high as in polyoma virus-infected cells 
(data not shown). This may be attributable to the lower copy 
number of viral genomes in PyMLV -infected cells, as compared 
with cells acutely infected withn polyoma virus. When examined 
by an in vitro kinase assay, the middle T present in PYMLV 
infected cells was significantly phosphorylated, as is authentic 
middle T antigen. 

Normally, polyoma virus transforms cells at only a fraction 
of its theoretical efficiency, and only 1% or fewer of semi- 
permissive cells become permanently transformed. It has not 
been possible to rule out that the observed foci were derived - 
from a small sub-population of susceptible cells. Infection of 
cells with PyMLV results in the transformation of essentially 
all the cells in the culture (data not shown). This demonstrates 
tha the polyoma middle T gene, as is the case for other oncogenes 
transduced by retroviruses, can function asa dominant selectable 
oncogene. 
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proteins are synthesized at the endoplasmic reticulum, then 
_ transported, via the Golgi complex, to the cell surface’. Each 
of the compartments of this transport pathway carries out par- 
_ ticular metabolic functions*“, and therefore presumably con- 
tains a distinct complement of membrane proteins. Thus, 
- mechanisms must exist for localizing such proteins to their 
-7 Tespective destinations. However, a major obstacle to the study 
> of such mechanisms is that the isolation and detailed analysis 
of such internal membrane proteins pose formidable technical 
3 problems. We have therefore used the E1 glycoprotein from 
_— \ coronavirus MHV-AS59 as a viral model for this class of protein. 
A. Here we present the primary structure of the protein, deter- 
“mined by analysis of cDNA clones prepared from viral mRNA. 
In combination with a previous study of its assembly into the 
endoplasmic reticulum membrane » the sequence reveals 
several unusual features of the protein which may be related 

to its intracellular localization. 

The coronaviruses are a diverse class of enveloped RNA 
viruses of considerable medical and agricultural significance; 
they also provide a model for the study of persistent viral 
infections (see ref, 10 for review). In contrast to many enveloped 

_. > viruses, the coronavirus mouse hepatitis virus (MHV) A59 buds 
— ` inside the cell, into the lumen of the endoplasmic reticulum!!~'4, 
-The assembled virion then appears to travel, via the Golgi 
complex, to the cell surface. Of the two viral membrane proteins, 
the smaller one, E1, is necessary for formation of the envelope, 

and is restricted to internal cell membranes; apparently it only 
‘reaches the cell surface as part of the budded virion’? >. Thus, 

the E1 glycoprotein is potentially a convenient model for study- 

ing those features of a membrane protein that determine its 









-_ The mRNAs of MHV-A59 form a ‘nested set’: the seven 
RNAs share the 3’ region of the positive-stranded genome, but 
> extend to different lengths towards the 5’ end'*“!*, From each 
__ RNA, only the 5’ gene is translated!®°, In addition, a non- 
coding ‘leader’ Sequence of approximately 70 bases, from the 
3 end of the genome, is common to the mRNAs‘*?!:22. The 
-Et gene is second from the 3’ end and is therefore translated 
rom: llest mRNA, RNA 6 (refs 19, 20). The 
quence of the 3’-terminal gene, encoding the viral nucleocap- 
d protein, has been determined previously??? 
Copy DNA clones spanning the E1 gene were prepared by 
‘two methods**** and sequenced in the vectors M13mp8 (ref. 
26) or pEMBL8 (ref. 27) by the chain-termination method?’ 
(data available on request). A sequence of 780 nucleotides 
ig. 1), containing a single long open reading frame, precedes 
2€ coding region for the viral nucleocapsid protein. A leader 
of 76 nucleotides, almost identical to the leader of the smallest 
mRNA, RNA 7 (ref. 22), lies in front of the first potential 
initiator codon. Thus, the sequence in Fig. 1 represents the 5’ 
end of RNA 6, encoding the E1 protein and starting at or near 
the extreme 5’-terminal nucleotide. 2 





















3509 CHL 


In the eukaryotic cell, both secreted and plasma membrane 









CCTATAAGAGTGATTGGCGTCCGTACGTACCCTC TCAACTCTAAAACTCTIGTAGTT TAL 
10 | 


38 i 





me tSerSer Thr ThrGlnAlaProGluProval TyrGinTr pth 
ATC TARTCCARACATTATGAGTAGTAC TAC TCAGGCCCCAGAGCCOGTCTATCAATGGAC 
78 9g Too rie i 








heserLeutiyjreIreieJrs ~ 





-Al 2AspG1uAl avalGlnPhe LeuLysGl uti pAshPheSer Leuél y1TeTl 
SSCCGACGAGGCAGTTCAATTCC TTAAGGAATGGAACTICTCGTTGGGCATTATACTACT . 
136 158 ees. | . 










uPhelleThrIleIleleuGinp eGlyTyt thr ser 
CTPTATTACTATCATAC TACAGT TCGGTTACACGA 


192 218 







lLysMetT eileleutr pLeumet Tr pproi 
GAAAATGATAATCTTGTGGTTAATCTGGCCA 
258 278 





























eValilefrpi eet Tyr PheValAsnseriléarg 
TGTAATC TGGATTATGTATTTTGTTAATAGCATAAGG TK 







378 398 






ptr pSer PheAsnProcluthrAsnAsoLeuhetCysilenspnetiysclytnrvelty 
STGGAGC MMC AACCCCGAAACAAACAACC TTATGTGTATAGATATGAAAGGTACCGTGTA._ 
438 458 Me ee SAJE eres rae 


TOT TARO eA eel UASPTYE His Thr LeuThrAlathr HetleargGlyHiste 
TOTTAGACCCATTATTGAGGA TTACCATACACTAACAGCCACTATTATTCGTGGOCACCT 3 
Ad $12 238 











Oren reer nety Val Lys LeuGl yThrGl yPheSer LeuSerAspLeuproAlatyrVa 
CPACATGCAAGG TGTTAAGC TAGGCACCGGTTTCTCTTTIGTCTGACTTIGCCCGCTTATGT 
558 578 598 






i Thrval Al aLysval Seri sLeuCys Thr Tyr LysArgAl aPheLeuAs pLysVal As a ee 
TACAGTTGCTAAGGTGTCACACCTTTGCACTTA TAAGCGCGCATTCTTAGACAAGGTAGA 
618 638 658 


poi YVal SerGl yPheAlaval Tyr Val LysSer LysvalGl yAsnTyr Arg LeuProSe 
CGGTGTTAGCGGTTTTGCTGTTTA TETGAAGTCCAAGGTCGGAAATTACCGACTGCCOre 
67¢ 692 718 


rAsnLysProSerGlyAlaAspThrAlaLeuLeuArglle* 
AAACAAACCGAGTGGCGCGGACACCGCATTGTTGAGAATCTAATCTAAACTTTAAGGATC 
738 758 772 


Fig. 1 Sequence of the El cDNA and protein extending to the 
initiator codon of the adjacent nucleocapsid gene*?. Proposed 
membrane-spanning regions are overlined. 


Two versions were found, in two different clones, for the S 
sequence immediately upstream from the E1 initiator codon. 
The shorter one is shown in Fig. 1; in the second clone, an 
additional copy of the pentanucleotide ATCTA was found | 
between nucleotides 65 and 66, making the sequence similar to 
that of the region adjacent to the nucleocapsid gene of another 
strain of MHV*’. This difference could represent a mutation: 
alternatively, it may reflect heterogeneity in the normal mRNA 


population. Indirect support for the latter possibility comes from 
the observation that a RNase-T, 





possible that the polymerase may jump to more than one poin 
on the template for each mRNA, generating variable numbe 
of the repeated pentanucleotide AUCUA in the resulting tra 


Figure 1 shows the amino acid Sequence encoded by the E: 
gene. The predicted molecular weight of the protein is 26,000 
slightly higher than that observed by gel electrophoresis? > bu 
consistent with the unusual electrophoretic behaviour of this** 
and other, hydrophobic proteins. Several features of the protein, ` 
when assembled into membranes in the virus”, or in vitro’, are 
reflected in the sequence. First, in contrast to the majority of 
membrane proteins, E1 is known to lack a cleaved ‘signal 
peptide”: the N-terminal region of the sequence contains no 
good candidate for a cleavage site”. Second, the N-terminal 
region bears O-linked sugars*>°, which, uniquely among vir 
proteins so far studied, are the only known post-translatio 
10d Assuming that the terminal Me 
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selves identical to those found in glycophorin”’. Third, most of 
‘the protein is resistant to proteolysis when assembled in the 
membrane. Only 2.5 kilodaltons of polypeptide from the N- 
‘terminus are cleavable on the luminal side of the membrane (or 
outside the virion) and 1.5 kilodaltons from the C-terminus 
from the cytoplasmic (or intra-virion) side’, suggesting that the 
protein is largely buried in the membrane. In the sequence, a 
run of 22 uncharged residues from positions 26 to 47 represents 
‘a potential membrane-spanning region; residues 1-25 corres- 
pond to the portion removable by protease. A further sequence 
-of uncharged residues, positions 57-106, is sufficiently long to 
cross the membrane twice more. If this region is divided in two, 
and each half plotted as an «-helical ‘wheel’, all the polar side 
-chains of both sections cluster within 140°. Thus, a plausible 
conformation for this region is two hairpinned helices in the 
membrane, with adjacent polar faces (Fig. 2a). There are no 
-other long hydrophobic sequences, implying that the region 
from residues 107 to ~190 is either folded in the membrane to 
-neutralize charges, or, more likely, is adjacent to the membrane 
` but resistant to proteolysis. These features are summarized in 
Fig. 2b. | À 
< Which, if any, of these various features might be responsible 
for the protein’s intracellular localization? We do not know, for 
example, whether the protein has an active ‘signal’ causing its 
‘arrest on the transport pathway, or, alternatively, if it lacks a 
signal for onward transport, nor do we know whether a sorting 
process might operate on one or the other side of the membrane. 
‘The availability of a cDNA clone for the protein presents the 
)pportunity to investigate these questions by allowing 
*xpression of the cloned DNA and in vitro mutagenesis. 
This approach has already been applied to two other viral 
slycoproteins, to investigate the importance of their cytoplasmic 
domains for transport to the cell surface, yielding opposite 
sonclusions*°*', An intrinsic problem with the method, 
however, is the difficulty of distinguishing specific effects due to 
alterations at the site of mutagenesis, from a. general structural 
disruption of the molecule. In this respect the E1 protein may 
be advantageous in that it provides the possibility of creating a 
more ‘active’ phenotype in the mutated molecule: specifically, 
particular alterations to the protein may result in its transport 
to the cell surface. 

‘We thank Willy Spaan for communicating results before publi- 
tion, G. Heisterberg-Moutsis (G. B. F. Braunschweig) for 
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Fig. 2. a, Distribution of pol 
chains in the hydrophobic re 
the El sequence. R 
(1), 57-81 (2) and 82-106 
plotted as a-helices and viewe 
on: Polar side chains are boxed: pr 
posed hydrophilic faces of helices 
and 3 are indicated. b, Possib! 
topologies of the E1 protein acros 
the membrane. Arrows indicate sites 
accessible to protease; broken 
arrows represent inefficient pro-. 
teolysis’. oa 
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Seal echolocation? 

THE evidence reported by Renouf and 
- Davis’ for echolocation by a 7-yr-old male 
harbour seal (Phoca vitulina) is not con- 
_vincing enough to require a reassessment 
„of earlier studies*> which found no 
perimental evidence for echolocation in 
nnipe s 














<T bility of the seal to swim across 
_the 7.5 m diameter tank and locate a ring 
n the-dark does not in itself indicate an 
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‘us (N. Sonafrank, R. Elsner and D.W., in 
preparation) has demonstrated the ability 
of a blindfolded spotted seal (Phoca 
vitulina largha) to find and surface 
through a 50-cm diameter hole in the ice 
from a starting hole over 30 m away. The 
Seal produced no vocalizations during this 
sub-ice swimming and was equally success- 
_ ful in the presence of high levels of white 
~ background noise. Moreover, Olivert 
found a negative correlation between 
~ “sound emission and improved navigational 
ability by a 3-yr-old male grey seal 
(Halichoerus grypus) swimming through 
different obstacle courses in the dark. 
There are several problems with the 
experimental design of Renouf and Davis’ 
ring discrimination experiment. First, even 
though the rings are visually identical, the 
dynamics of motion in the water of the 
weighted, air-filled ring will be quite 
. different from that of the weighted, water- 
<> filled ring. Thus, the animal could discrimi- 
_ nate between the rings visually by observ- 
ing this motion in response to a pressure 
-Wave generated by the animal’s swimming. 
Since the majority of the experimental 
-Sessions (8-26) were conducted in the light 
and since the experimenter holding the 
_ targets by means of strings knew which 
one was the air-filled correct choice, the 
investigators have failed to rule out the 
<=- possibility that they provided the animal 
=> with inadvertent cues, Finally, during the 
control sessions when both rings were 
ter-filled, the learning curve, as indi- 
‘cated by the discrimination ratio in Fig. 2 











of Renouf and Davis’, is improving at a 


rate equal to or greater than that of the 
initial learning with the acoustically differ- 
ent rings during the experimental phase. 
Since the learning curve in the control 
situation had shown no sign of an 
‘asymptote, we cannot understand why the 
ontrol phase was terminated after only 5 
sions compared with the 26 sessions of 
e previous experimental phase. We 
therefore find no justification for the con- 
clusion that this was an adequate control 
test to confirm the previously demon- 
rated discrimination. 
n a long-term study of vocalizations of 
spotted seals, we have recorded pulses 
similar to those reported by Renouf and 
Davis’, although pulse trains were more 
common than single or double pulses. We 
find that a major change in frequency of 
occurrence of the pulse trains occurs on 
nnual cycle, 


















echolocation ability. In field tests one of 






monitored these vocalizations. The field 
recordings by Renouf and Davis! were 
from a breeding colony, although they did 
not indicate the time of the year at which 
the recordings were made. 
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RENOUF REPLIES —I agree with 
Wartzok et al. that our study does not 
necessarily require the reassessment of 
those which failed to demonstrate echolo- 
cation. There is no reason to assume that 
what might be true for harbour seals would 
also hold for Halichoerus, Zalophus or Pivi 
Pargha, although the reverse logic should 
not be expounded either. My major con- 
cern was the fact that those interested in 
pinniped sensory function were tacitly 
‘accepting the null hypothesis’ and con- 
cluding from negative evidence that seals 
do not use sonar. 

I agree with most of the reservations 
expressed by Wartzok et al. about the 
study’ and in fact alluded to many of them 
in the discussion. The discrimination ratios 
or the control tests were from 0.35 to 0.50 
which Wartzok ef al. feel is a significant 
trend. Apart from the fact that this differ- 
ence did not prove to be statistically sig- 
nificant, a change in behaviour from 
mostly incorrect (0.35) to random (0.50) 
is not the same as the improvement shown 
by the seal during discrimination training 
from 0.63 to criterion. The problem of 
differential hydrodynamic motion of the 
rings occurred to me and was one of the 
reasons I switched to running in daylight. 
I wanted to make sure that the seal did 
not move both rings before making his 
decision. When we could see what was 
going on, we immediately released the first 
ring the animal touched as his choice. As 
far as we could tell, his swimming did not 
cause any ring motion (I assume Wartzok 
et al. meant displacement wave rather 
than presure wave generated by the seal’s 
movement)—which is not to say that what 
we could not detect that the seal could 
not. The other problem I still have is the 
relative paucity and quiet of the clicks the 
seal made during the discrimination. I pos- 
tulated in the report’ that perhaps this was 
his best solution to boundary reverber- 






T have replicated. the 
ngs suspended in the- 


middle of the tank. The seal’s disc 
tion ratio improved to 0.90; hor 
clicks were still few and faint 
increased in peak energy to 21. 
main difficulty is working in a rel 
small tank where boundary reverbera’ 
are problematical. The vocalizations 
the captive seals are weak compared 
those I have obtained in the field, an 
I am hoping to resolve this by buildin 
ocean pen. | z 
DEANE RENOL 
Department of Psychology, ee 
Memorial University of Newfoundland, 
St John’s, Newfoundland, 
Canada AIB 3X9 l 
l- Renouf, D. & Davis, M. B. Nature 300, 635-637 (1982) 


DNA-binding proteins 


IN a recent News and Views article’, 
Andrew Travers states that in a eukaryote 
',.. a[specific] DNA-binding protein must 
have 10°~10°-fold higher affinity for its 
binding site than would be necessary in 
Escherichia coli...and that to achieve 
efficient occupancy the sequence specific- 
ity of the interaction relative to random 
binding must be 10° times greater than oS 
that [of specific DNA-binding proteins 
found in E. coli}. Travers’ conclusion is 
not true. In fact, based on what we know 
about two prokaryotic gene regulators, 
the lac and A repressors, we expect that 
each would bind to its single specific 
operator equally efficiently whether that 
operator were in a bacterium or in a mami- 
malian cell, provided that the concentra- 
tion of the protein in the mammalian 
nucleus equalled that found in the bac- 
terial nucleoid body. (The two prokaryotic 
repressors use somewhat different 
strategies to efficiently bind operator: A 
repressor has lower affinities for operator. 
and for random DNA than does lac 
repressor and, unlike the latter, it binds 
cooperatively to adjacent DNA sites. A 
bacterium typically contains about 10- 
20 lac repressors and the equivalent o 
about 100 dimers, the active species”, 
Travers evidently believes that his con: 
clusions follow from the facts that“. . in 
a mammalian nucleus the concentration 
of a unique DNA-binding site [operato 
is about 10? times per genome lower tha 
in E. coli while the potential number of 
random DNA-binding sites is 10%- 
times greater’. But the important facto 
the concentration of repressor free 
interact with operator, a quantity dete 
mined by the total repressor concentration 
and, in some cases, by the concentration 
of nonspecific DNA. Both A and lac 
repressors, for example, have measurable 
affinities for nonspecific DNA and, 
especially in the latter case,-this effectively 
decreases the free repressor concentration 
























































































the present context is that, according 
Lin and Riggs, the total DNA concent 
tion, and hence the concentratic 
specific binding sites, is rough 
in a mammalian cell m 













acterial nucleoid body’. 








epressor in a bacterium and in a mam- 
nalian nucleus, the fraction free to bind 
perator would be the same in each case. 
© long as the concentration of operator 
; low compared with the free repressor 
oncentration, neither its absolute con- 
entration nor the ratio of „Operator to 
jonspecific sites is relevant” 
As might be expected from these con- 
iderations, the T-antigen of SV40, which 
ids to specific DNA sites with affinity 
oughly that of a prokaryotic regulator (A 
epressor), is present at about the same 
oncentration in the nucleus of a transfor- 
red cell, that bears a single T-antigen 
ene, as is A repressor in the nucleoid body 
of a A lysogen (R. Tjian, personal com- 
munication). Evidently T-antigen finds its 
Operator and efficiently regulates tran- 
cription in a transformed cell’. 
< Travers proposes that RNA polymerase 
Il in eukaryotes is directed to promoter 
sites on DNA by protein(s) specifically 
‘bound to those sites. This idea is reason- 
able and consistent with emerging 
evidence’; my point is that it does not 
follow from his arguments. Indeed, were 
_ Travers correct, the auxiliary binding pro- 
tein, that which binds DNA and directs 
_ polymerase to its target, would itself be 
unable to occupy its site efficiently. 
. Perhaps it is worth recalling the example 
of E. coli RNA polymerase. This enzyme 
binds in vivo to many E. coli promoters 
and initiates transcription unaided by 
other DNA-binding proteins. However, 
the enzyme efficiently recognizes other E. 
coli promoters only if guided by DNA- 
bound positive regulatory proteins (see, 
for example, refs 8, 9). The manifest func- 
tion of this activator—polymerase interac- 
tion is that it affords a means of gene 
--control—certain genes are transcribed 
only if the positive regulator is active, 
whereas other genes are transcribed con- 
stitutively, by the same polymerase. 
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TRAVERS REPLIES—~I recently sug- 
ested that eukaryotic RNA polymerases 
right locate a promoter by the initial rec- 
gnition of a protein(s) prebound to this 
ite rather than by the recognition of a 
pecific DNA sequence’. This suggestion 
as based on two arguments: first, that in 
eukaryotic cells the size of the genome 
everely limits possible mechanisms of 
moter location; 












Therefor 5: 


ssuming equal concentrations of total that I DNA sequences 





polymerase H promoters direct the bind- 
ing of transcription factors other than 
RNA polymerase*™*. Ptashne suggests 
that the logic of my first argument is 
invalid. 

In a seminal article Linn and Riggs? 
discussed the limitations imposed by the 
size of the eukaryotic genome on the 
equilibrium binding of a regulatory pro- 
tein to its DNA target site. They showed 
that if the number of molecules of lac 
repressor were the same in the prokaryotic 
cell and the eukaryotic nucleus, a condi- 
tion which is also prerequisite for my own 
previous discussion and conclusions’, the 
repressor would be unable to occupy its 
binding site efficiently. They suggested 
four possible mechanisms which would 
allow eukaryotes to overcome this prob- 
lem of excess DNA. These mechanisms 
were an increased specificity of the pro- 
tein- DNA interaction, a selective masking 
of competing DNA, tandemly repeated 
binding sites or, finally, an increased con- 
centration of the DNA binding protein. 

The apparent affinity of a DNA binding 
protein for its target can be described by 
the equation” 


Ken = Krot DKeo/ Kro 


where Kro and Kep are the equilibrium 
dissociation constants of the protein for 
specific and nonspecific sites, respectively, 
and D, is the total concentration of non- 
specific sites. The important parameter in 
the present discussion is the selectivity, 
Krp/ Kro, which determines the partition 
of a binding protein between specific and 
nonspecific sites. For the particular case 
of E. coli RNA polymerase Krp/ Kro is 
~10* for a strong promoter®, and ~10° 
for an average promoter. This means that 
in the context of a mammalian nucleus the 
effective number of random DNA sites 
would be equivalent to ~6% 10° strong 
polymerase binding sites. The number of 
polymerase II molecules in a mammalian 
nucleus is very approximately 5 x 10* (ref. 
7). Clearly if polymerase II had the same 
value of Kgn/ Kroas the bacterial enzyme 
and all the random DNA sites were com- 
peting with, say, 10°-10* promoter sites 
promoter location would be kinetically 
inefficient and the occupancy at equili- 
brium would be low. To increase equili- 
brium occupancy one solution would be 
to increase Krp/ Kro as I argued pre- 
viously. Alternatively a similar result 
could be achieved by masking at least 90% 
of the random binding sites. However the 
selectivity of the purified eukaryotic RNA 
polymerase is significantly less than that 
of the bacterial holoenzyme while a 
requirement for extensive masking would 
place constraints on the amount of DNA 
available for transcription at any one time. 
These considerations led to the sugges- 
tion’ that promoter location would pro- 


‘common to “most 






ceed more efficiently if the primary 
and second, that the r | | 











Pamei raises s the telen questiór 
to how the protein which directs the poly- 
merase to its target binds efficiently to its 
own DNA site. Kinetically, the proble 
faced by the auxiliary protein is entire 
different from that for RNA polymerase, 
Whereas polymerase II can initiate in vive 
at rates up to at least one every 4s tl 
auxiliary protein-DNA complex could bi 
extremely stable?*. Consequently the 
polymerase needs to locate a promoter > 
rapidly by both two- and three- 
dimensional diffusion processes while the 
auxiliary factor(s) is not constrained tothe 
same extent by kinetic limitations and 
once bound to its target need only remain. 

Pstashne’s own comments I believe to... 
be based on a misconception and to be — 
irrelevant to my original discussion, His 
argument is dependent on two crucial 
premises: first, that a DNA binding pro- 
tein such as the lac repressor would bind 
to its operator equally efficiently ina mam~ 
malian nucleus and in a bacterium pro- 
vided that the concentration of the protein. 
in the mammalian nucleus equalled that 
found in the bacterial nucleoid; and 
second, that the total DNA concentration 
(.D,) in the nucleus is roughly the same as. 
in the bacterial nucleoid body’. The- 
equations derived by Linn and Riggs show 
that the concentration of lac repressor 
required for efficient (99.9%) repression 
in the mammalian nucleus, assuming no 
DNA masking, i is 2X10°°M. (The value 
of 4x 10°’ M quoted by Linn and Riggs 
assumes that 80% of the DNA is unavail- 
able to the repressor). From this number 
Ptashne’s premises predict, assuming 10= 
20 repressor molecules per cell, that the -< 
volume of the E. coli nucleoid is ~0.008- 
0.016 um’. The observed average volume 
of ~0.5-1 pm? (refs 9, 10) is obviously 
substantially greater. Thus the DNA co 
centration in the nucleoid must be cons 
siderably lower than Ptashne’s arguments ` | 
assume. Perhaps significantly, at this lower. 
DNA concentration the calculated _ 
repressor concentration required for | 
efficient repression corresponds approxi- 
mately to the value observed in vivo. 

Finally I particularly thank Dr R. S. Jack 
for many constructive discussions during < 
the development of the model for eukary- < 
otic promoter location. we 
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srrors in the rendering of German words 
nto English —— cybernetics as cybernetic, 
rypsin as trypsine, function as funktion, 
genome as genom among many other 


So, have the authors of Biophysics given 


been awaiting? Sadly, the book is too 
flawed to be acceptable in itself. If we try to 
forget the often appalling English, we 


“which the authors have been allowed to 
-exaggerate or ignore aspects of the subject 
<in such an arbitrary fashion. 

> In this review Ihave drawn attention to 
-the shortcomings of the book; unhappily, 
-Biophysics falls a long way short of my 
hopes. It is, nevertheless, a remarkable 
achievement. The book contains a wealth 
of information, much of which is presented 
outstandingly well. It does indeed provide 
a definition of the scope of biophysics such 
as we have not had before — and the 
authors’ work will be of the most 
inestimable benefit to their successors who 
-seek to write a balanced and compre- 
-hensive text either for undergraduates or 
for research workers in biophysics. a 





Anthony C.T. North is Professor in the Astbury 
: Department of Biophysics, University of Leeds. 
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us the definitive statement that we have | 
= COLOUR vision attracts more than its fair 


cannot forgive the almost perverse way in | 








J.D. Mollon 


A Cybernetic Approach to Colour 
Perception., 

By N.C. Paritsis and D.J. Stewart. 

Gordon & Breach: 1983. Pp.167. $29.50. 








share of books by amateurs, by eccentrics 
and by outright cranks. All of us — except 
the rare individuals who are completely 
colour blind — daily experience a vivid and 
elaborate range of hue sensations; and 
perhaps it is this subjective immediacy of 
colour, and the evident structure of our 
internal palette, that leads so many gallant 
amateurs to advance theories of colour 
vision. 

But those who review books on colour 
vision have good reason not to dismiss too 
lightly the writings of newcomers to the 
field. The reason is George Palmer. 
Definitely an amateur and definitely 
eccentric, Palmer in 1777 published his 
Theory of Colours and Vision in which he 
correctly suggested that all our sensations 
of hue depended on just three kinds of 
retinal receptor and that the sensation of 
white arose when all three types of receptor 
particle were thrown into motion. In later 
monographs this prescient but mysterious 
man suggested that colour blindness 
resulted from the impairment of one or 
more of the receptor types and that 
complementary colour after-images arose 
from differential fatigue of the three types. 
All this, some 25 years before Thomas 
Young gave his celebrated Bakerian lecture 
and commended the trichromatic theory to 
the Royal Society. 

Nevertheless, despite the sobering 
example of George Palmer, I must be direct 
and declare that the present book is 
amateur, is distinctly eccentric and can be 
safely passed over by specialists in the field. 

The early chapters of A Cybernetic 
Approach to Colour Perception offer a 
pedestrian history of colour science and an 
introduction to model neurones. The 
authors then proceed to the first part of 
their theoretical work: the spectral sensi- 
tivities of Lateral Geniculate cells are 
quantitatively reconstructed from trans- 
formations of the spectral sensitivity curves 
of the photoreceptors. By allowing 
themselves some elaborate trans- 
formations, the authors obtain some very 
good fits to the classical electrophysio- 
logical records of De Valois. But the 
precision they attempt is quite inappro- 
priate in view of the photoreceptor data 


sensitivity: i curves for the receptors, the 


Art. 49. Theory of Caours and Vifon. By G. Palmer. Bvos 
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gin. To obtain spectral 









average together the densitometri 
measurements that Rushton disowned ir 
1964 and the early microspectrophoto-. 
metric data, for macaques and man 
published in 1964. They ignore specie 
differences, and they give no details of the 
corrections (if any) that they have made f 
absorption by lens and macular pigme 
and for variation in the retinal region that i 1S 
stimulated. : 

The second part of Paritsis and Stewart’s, 
theory is qualitative. They propose the 
existence of single cortical cells that are 
specific for the seven hues — red, orange, 
yellow, green, blue, indigo, violet — that = 
Newton’s assistant distinguished in the 
spectrum. Mutually inhibitory connections 
exist between the neurones specific for 
different hues. To account for colour 
constancy and contrast phenomena, the 
authors postulate a small number of special 
cells, called ‘‘adaptors’’, that collectinfor- 
mation about average luminance and = 
average chromaticity across the visual 
field; the adaptors feed forward and adjust. 
the sensitivities of more central units that 
are specific to the colour of stimuli in a 
local retinal region. 

There is the germ of a good idea here. 
But the authors finally hang themselves 
when (p. 119) they use reciprocal inhibition 
between pairs of central neurones to 
explain why grey or white is seen when 
lights of complementary colour are mixed. 

It is a tenet of modern colour theory that 
the results of colour mixing can entirely be 
explained in terms of the quantum catches 

in the three classes of retinal cone. If two 
lights are of different spectral composition 
but produce the same set of quantum 
catches, then -they will look alike to the 
observer. Complementary lights are simply 
lights that, when mixed in the correct pro- 
portion, yield the same set of quantum 
catches as does white light. At all subse: 
quent stages the neural signals are the same 
as those produced by white light and, —_ 
within the context of the authors’ theory, > 
none of the seven types of central hue- 
coding neurone will be active. It is always 
good that there should be those who 
question the basic dogmas of any scientific 
field; but here it is clear (see p. 120) that the | 
authors do not realize the seriousness of 
their heresy and are either confused or 
ambivalent in their espousal of it. oe 

If my judgement of this book is harsh, 
the authors may take comfort in the spe 
tacular error of one eighteenth-cent 
reviewer. Most journals ignored Ge 
Palmer’s monograph of 1777, but one. 
review did appear in the Monthly ' 
Catalogue for that year. It runs to a single 
line, and is reproduced below. 
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„ The Classification of Finite Simple 
Groups. Vol. 1, Groups of 
Noncharacteristic 2 Type. 
-By Daniel Gorenstein. 
Plenum: 1983. Pp.487. $59.50, £45.80. 
oe remanent 
<THE completion of the classification of 
“finite simple groups is one of the most 
exciting events of twentieth-century math- 
-ematics. The problem has intrinsic interest: 
_. finite symmetry groups are apt to crop up 
almost anywhere, and the simple groups 
_ are the blocks with which they are built. 
_ Thus questions about finite groups arise 
- Naturally. Knowing what the simple groups 
_ are does not necessarily trivialize them, but 
___ it does improve dramatically our chance of 
_ being able to answer them. 
The list of finite simple groups is quite 
complicated. It has been known since the 
nineteenth century that the simple Lie alge- 
_ bras comprise four infinite series and five 
exceptional algebras. Each simple Lie 
gebra gives rise toa series of finite simple 
=o. groups, one for each prime power. But, 
muchas complex Lie groups can have more 
than one real form, sometimes there is 
more than one such series; and for more 
remotely analogous reasons, there are still 
_. further series when the prime power is 2" or 
3". The members of this whole assemblage 
are called groups of Lie type. In addition, | 
there are two further series, the cyclic 
groups of prime order and the alternating 
_ groups, and twenty-six odd men out, the 
so-called sporadic groups. The groups in 
___ the list are not only all formally different: 
they often have very different flavours. For 
_ instance, the groups of Lie type can be 
-Studied and are best studied by the power- 
ful abstract and general methods of alge- 
raic geometry, whereas the sporadic 
| group have an awkward individuality as 
well as an intricate beauty, and never quite 
_. fulfil the promise they seem to give of 
_ something more general behind them. 
2 Discovering and describing these simple 
_. groups is much less than half the battle. It 
has then to be proved that there are no 
others. Any such proof must somewhere 
reckon with each group in the list, and so | 
can hardly be much less complicated than 
st itself. Furthermore, the proof is put 
ther from the contributions of a large 
imber of mathematicians, working over 
_ several decades. In the early years, the later 
course of the argument could not be fore- 
Ween, so that papers written then are not 
ays tailored to the needs of their succes- 
sors. Key concepts, essential to the comple- 
tion of the proof, often arose late in the 
day, and the significance of earlier work 
ad to be revalued in the light of them. 
d, of course, there have been false trails, 
d seductive by-ways, and misunder- 
dings, and even mistakes. The proofis, 

























































prepared and Edberg’s Manual is an indis- 
pensable accessor 


BOOK REVIEWS: 
scarcely be said that it satisfies the require- 
ment of accessibility to checking which is 
the mathematician’s equivalent of the 
repeatability of experiments. 

This is the situation to which Daniel 
Gorenstein has addressed himself in three 
books, of which the volume under review is 
the second, and which together seek to 
expand the whole proof, as it now is, inan 
accessible form. The first, entitled Finite 
Simple Groups, published in April 1982, 
described the groups in the list, gave an 
overview of the proof of completeness and 
developed the key concepts. The two 
remaining volumes put in the detail. It must 
be emphasized that, in spite of the length of 
the books, this is not detail for the sake of 
illustration or to clear up subsidiary 
questions; it is detail without which the 
proof would not bea proof. The method is 
determinedly historical, the expressed 
intention being to expound the original 
proof, with the improvements up to early 
1982. Every step on the way is given the 
appropriate reference, so that the work 
constitutes a historical record as well as a 
mathematical exposition. 

The proof of the classification theorem 
falls naturally into two parts. It has been 
clear since the pioneering work of Richard 
Brauer, and even more since the odd order 
paper of Walter Feit and John Thompson, 


Halley watching 
David W. Hughes 


International Halley Watch Amateur 
Observers’ Manual for Scientific 
Comet Studies. 

By Stephen J. Edberg. 

Enslow Publishers, Hillside, NJ / Sky 
Publishing, Cambridge, MA: 1983. 

Pp. 190. Pbk $9.95. 
See ed Ore EOE a a YE ce ee 


OBSERVING Halley’s comet in the winter of 
1985 and spring of 1986 is going to be akin 
to ornithology. No serious bird-watcher 
would expect to leave his house and see a 
Wilson’s Phalarope sitting on his gate post. 
To observe such an exotic species requires 
some effort: journeys to possible habitats, 
consideration of season, care over choice 
of observing instrument and so on. 
Halley’s comet at this apparition is going 
to be similarly hard to find and distinctly 
unstartling. Do not expect to walk outside 
and be amazed by a brilliant comet with a 
tail stretching from horizon to zenith. The 
geometry is unfavourable. When the comet 
is at its most active the Earth will be 1.5 Au 
away on the other side of the Solar System. 
The coma magnitude will barely creep 
above the level visible with the naked eye 
for people in highly populated regions. 
To see Halley’s comet one must be well 














i. It has been written for 
astronomer so it | 


e advanced. 


basic observing . 


processes, exposure times and lens focal 
length), astrometry (the accurate recording — 
of the comet’s position), spectroscopy, — 
photoelectric photometry and observ: 
tions of the two associated meteor streams 
are also covered. i | 


among other things, lists right ascensior 
declination, magnitude, heliocentric and 
geocentric distance at daily intervals | 
between June 1985 and May 1987), a set of 
19 star charts showing the movement of the 
comet against the sky background, and five 
figures showing the elevation and azimuth 
of the comet for observers at latitudes. 
40°N, 30°N, 20°N, 20°S and 30°S, 


who has the vaguest interest i 
should be without this book. 


. David. 
aa 





that the key to the classification i 
2-local structure, the structure, tha 
the normalizers of subgroups of « 
power of 2. From this point of vie 
groups of Lie type fall into two cl 
according to whether the prime p 
involved is odd or even; and the distinct 
can be extended to other simple grou 
This volume deals with the odd Case; 
second will deal with the even. E 

It cannot be doubted that Daniel Gore 
stein was the right man to do this job. I 
personal contribution to the detailed wo 
puts him among the top half-doze 
workers in the field; but for generalship 
for his early grasp of the wider strategies o 
the proof, he was quite outstanding. ‘Thi 
book deserves the highest praise. It is no 
the last word on the subject, however 
further rationalization of the existing 
proof is already on its way, and someone 
perhaps, will come up with something quite 
new. And, no doubt, group theorists and - 
users of group theory will go on using the 
Classification theorem without knowing 
how to prove it. When the final volume. 
appears in 1985 or 1986, they will no longer _ 
have any excuse, E 
































































Graham Higman is Waynflete Professor of Pure : 
Mathematics at the Mathematical institute; 
University of Oxford. n 






techniques or methods of data reduction, 
but concentrates on explaining how the . 
observer can generate meaningful scientific 
daia. Part 1 introduces the International ; 
Halley Watch — the organization which 
will co-ordinate the observations and will 

eventually catalogue the data. Also stres-. 

sed are the importance of visual observa- 
tions of the coma and tail. This is one of the ae 
only techniques that can link present-day _ 
observations to those of many of the 
previous apparitions of the comet. The 
importance of dark adaptation, atmos- 
pheric transparency and sky brightness are _ 
emphasized. Photography (concentrating — 
on the choice of emulsions, development 



































Part 2 consists of an ephemeris (which 



























No amateur or professional astronome 
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Faces of hominid 




















Academie: I 983. Pp.169. $45, £33. 









Iris curious how different lines of evidence 
‘assume greater or lesser importance at 
different times in our search for evidence 
on human ancestry. Teeth used to be con- 
sidered of the utmost importance, then the 
-~postcrania, but most recently it has been 
the face. In this sense Yoel Rak’s book on 
the australopithecine face is timely. It will 
‘set new standards for the comparative 
description of fossil hominids, both 
because of the breadth of the study and 
because of the rigour of the analyses of 
= facial characters. 
<> The face is one of the two main 
components of the skull (the other being 
> the vault). It is described here for the 
“species of Australopithecus, the group of 
-fossil hominids most nearly related to our 
own genus, Homo. The essence of the book 
is the description, partly comparative, of 
-each species of australopithecine, which is 
= followed by interpretation of the 
morphology on functional and — to a 
. lesser extent — phylogenetic grounds. It is 
=> shown that, contrary to widespread belief, 
the face of A. africanus is extremely 
specialized and widely divergent from the 
hominoid ancestral pattern. Far from 
providing a good model for human 
ancestry, it is in many respects very 
different from the common pattern shared 
by Homo and the African apes, the 
chimpanzees and gorillas. Moreover, many 
of these characters are shared with the 
robust australopithecines, especially A. 
robustus, and the third species, A. boisei 
(formerly Zinjanthropus), is interpreted by 
Rak as even more derived. 

The similarities in structure between the 
species of Australopithecus are interpreted 
functionally in a novel but plausible way. 
What is really striking about this book is 
the way the functional changes are shown 
to be the products of the different combin- 
ations of characters. For instance, the but- 
tressing of the face, represented by several 

distinctive characters, is related to facial 
- projection and tooth size. This trend begins 
in A. africanus and is carried to its 
functional extreme in A. robustus, while in 
_A. boisei there is another trend leading to 
advancement of the peripheral parts of the 
face associated with retractions of the 
` lower face and reduction of central buttres- 
sing. Whether these trends are seen as 
À sequential, which is Rak’s view, or whether 
~ theycould occur in parallel, with boiseiand 
. robustus as independent offshoots of an 



























africanus-like morphology, is not yet clear. | 
= So. far 7 have ony a menona three. 


complete face or skull of this species is 
known. A considerable proportion of the 
face can be reconstructed from several less 
complete specimens, however, and the 
interesting thing here is that none of them 
show any sign of the functional complex- 
ities described for the other three species of 
Australopithecus. By comparison with 
other hominoids, especially the African 
apes and Homo, Rak interprets the A. 
afarensis condition as primitive and the 
other species of Australopithecus as 
derived. I think he demonstrates this well. 
What he does not show, or even question, 
is why he puts afarensis into the genus 
Australopithecus at all. If it lacks the 
derived characters that are present in the 
other species, why group it with them? 
Based on the plesiomorphous characters of 
its face, but with clear adaptations to 
bipedality, it would seem more likely that 
afarensis is the sister group to both 
Australopithecus and Homo, the position 
accorded to it by its describers, in which 
case of course it could not be referred to 
either genus without making that genus 
paraphyletic. 

There is no doubt, however, that this 
book will be central to discussions on 
human evolution for many years to come. 
It contains a wealth of information that is 
well described, well analysed and well inter- 
preted. It will be an essential acquisition for 
all libraries and all individuals interested in 
human evolution. Ë 





Peter Andrews is in the Department of Palae- 
ontology at the British Museum (Natural 
History), London. 
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Piaget: Critique and Reassessment. 

By David Cohen. 

Croom Helm/St Martin’s Press: 1983. 
Pp.163. Hbk £13.95, $25; pbk £6.95. 








A work on Piaget which concludes that 
“this really ought to be the last book to 
assess him as a contemporary 
psychologist’’ is unlikely to be much con- 
cerned with the problems of constructing 
adequate developmental theories. David 


Cohen’s presentation of Piagetian theory | 


supports this surmise. Partly because 
Piaget invoked work from several 
disciplines, there is some confusion as to 
what label he should be given: was he 
“really” a psychologist for instance? 
Piaget’s own answer was that he was a 
genetic epistemologist and that this term 
defined his work. Cohen does not seem to 
have grasped the significance of this point 
and thus fails to comprehend the dis- 


tinction | between the ‘‘epistemic”’ and the | 


agmentary remains ‘of 4. 


the: fourth ‘species, A. afarensis. No | criticism that, i 





-a second-rate developmental psychology 


favour with so many psychologists. 


leads to the biz 
in ‘contrast to Freud’s vivi 
descriptions of individual patients, Piage 
“never leaves one with a feeling that he ha 
given any portrait of {an individual] child’ 
(p.82). This may be bad journalism 
Piaget’s part but it is scarcely a fault fro 
the viewpoint of genetic epistemology. 

Another crucial relationship in Pia 
theory that the author has tro 
discussing is that between the biologica 
and the psychological “realm” of explan 
ation, especially between phylogenetic an 
ontogenetic processes, a link that Piage . 
captured in the phrase ‘‘Intelligence is an. 
adaptation’’. Here we are told that ‘‘oneof 
[Piaget’s] key suggestions was that the 
development of the child’s mind recapi- 
tulated the development of the species asa 
whole. Modern four year olds might, there- 
fore, think like adult Neanderthals’? 
(p.78). But this is a misrepresentation of _ 
Piaget’s view and is exactly the kind of | 
simplistic argument that he specifically | 
cautioned against. What hope, then, is _ 
there for understanding Piaget's formu- _ 
lations on the relationship between 
structure and function or on the concepts 
of equilibration, homeorhesis, the 
phenocopy and so on? Cohen solves the — 
problem by not mentioning them, perhaps 
a blessing since the book is already replete 
with inexact usages of terms. The needless 
misuse of ‘“‘egocentric’’, for example, in 
common with so many other authors, 
makes one see clearly why Piaget event- 
ually felt forced to stop using the word. 

As a useful critique, then, this book is of 
little value and it is unsurprising that the 
omissions are serious. There is no mention 
of critics such as Pierre Mounoud or 
Anthony Wilden. Even Henri Wallon, who 
spent years in debate with Piaget, gets buta 
single line. 

Instead of serious theoretical argument, 
Cohen offers a mixture of largely familiar: 
experimental data presented in an asto 
ishingly patronizing manner: Piaget ‘‘need 
not be blamed for not being the perfect. _ 
experimenter of today” says Cohen (p.97) 
since his work occurred before we knew _ 
that subjects may be confused or acto 
irrationally or to please the experimenter. 
Nor was there anyone to point out the error 
of his ways for Piaget, we are told, was | 
“ 4e patron’, the undisputed boss, a Freud — 
without the fractious disciples egged on by 
their egos’’ (p.81). Cohen’s naive and cosy 
vision of Genevan life is supported by long | 
quotations of honeyed phrases from ` 
special Piagetian issues of journals and — 
obituary notices. All of this is intended: 
lead the reader to conclude that Piaget 
genetic epistemology is nothing more than 
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Yet the most dispiriting aspect of th 
volume is that such superficiality will fin 


M. ` Scaife is a Lecturer in Psychology in th 
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S&S has the material & methods... 


For high density 
colony hybridization. 


The S&S colony 

hybridization device 

(MV 082/0) used in 

conjunction with 

S&S BA85 NC™ 

nitrocellulose, optim- 

izes the colony hybrid- 

ization technique of 

Grunstein and Hog- 

ness. Especially 

effective for high 

{up to 90,000 colonies per 82 mm filter), it promotes binding 
of colony DNA to be filtered and prevents smearing during 
washing procedures. Current techniques for this procedure, 
as well as for plaque screening, are described in the pam- 
phlet “Colony Hybridization and Plaque Screening Meth- 

_ ods” (Bulletin 366) recently published by S&S. Request 

_ your copy today along with descriptive literature on the 

MV 082/0 (Bulletin 114). 








Grunstein, M. and D.S. Hogness. 1975. PNAS. 72010): 3961-3965 
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Innovators in Separation Science 
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= HPLC sample preparation where a 

dried, concentrated sample is important: 
s GLC sample preparation ... as above. 
= DNA sequencing — evaporation of 


aa The Savant “NO BUMP” Speed Vac 

g Concentrator/Evaporator == 
is now standard procedure 
forthe following = 

and many other applications. _ 







Achieve 100% Sample Recovery! 


piperding. 


» PHOSPHOLIPID separation by HPLC 
-— total evaporation of Acetonitrile- 


Water Solvent. 


e TRIETHANOL AMINE carbonate 


evaporation, 


= SOMATOSTATIN concentration by 


evaporation of acetic acid. 


=» INTERFERON purification by dialysis 
and evaporation of salvent phase. 

= TRICYCLIC anti-depressant drug 
blood levels measured after a series of 
extractions and evaporations to dryness. 


= NEUROTRANSMITTERS such as 
Acetyicholine, Dopa, etc. Now include © 
the Speed Vac Concentrator for the 
essential evaporation step. 

a AMINO ACID and Peptide analysis. 


a SUBSTANCE P concentration and 
assay. 


= HORMONE and Enzyme assays. 


= TISSUE EXTRACTS and Column 
eluates concentrated by “NO BUMP” 
solvent removal. 

a ELECTROPHORESIS AND 
CHROMATOGRAPHY is greatly 
improved by concentration prior to 
application of sample to the Support 
medium, 





For additional information 
and literature contact: 
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SAVANT INSTRUMENTS, INC. 
221 Park Ave., Hicksville, NY 11807 
(516) 935-8774 
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OUR REFERENCE CARDS! 


REF-11 ” 


Computerizes your REFERENCES 
and prepares your BIBLIOGRAPHIES 


C] Maintains a data base of references 





any combination of authors, years of publication, 


reference title (or any words in the title), and topics covered 


by the reference 
Li Formats bibliographies exactly as you want them 


pen 
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L. Alphabetizes 


Cl Abbreviates journal titles 


(J Runs on any 
and printer 


$175 


at 
only 


NO AUTHOR CAN AFFORD TO BE WITHOUT REF-14™ 


For DEC* computers using RT-11*, TSX-Plus*, RSX-11*, and VAX-VMS* {com- 
patibility mode). Distributed on RX-04 floppy disks. inquire for other distribution 


media. 


CP/M," IBM PC and MS-DOS versions also available 


TM 











references C] Menu driven dialogue 
Cl Compact storage format 


[J 20 lines of comments for 
each reference 


video terminal 


Manual 


$1000 


Manual & Demo 


00 sogo 


incl. manual 












322 Prospect Ave., Hartford, CT 06106 
(203) 247-8500 


Connecticut residents add 72% sales tax. 
*RT-11. RSX-11, VAX-VMS. and DEC are trademarks g 
Equipment Corp. ag 
"TSX-Plus is a trademark of S&H Computers, 
“CP/M is a trademark of Digital Research. 
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<- @A low-cost system to receive weather 

< images from orbiting and geostationary 
= S§atellites has been launched by Feedback 
< Instruments of Crowborough, England. 
-> The WSR513 comes asa complete package 
-and provides real-time images of weather 

_ patterns in most parts of the globe. The 
< cost has been kept down by careful circuit 
-> design . Orbiting satellites provide real- 

“time images of the part of the globe over 

which they are passing provided they are 
also within range of the receiver’s antenna. 
Geostationary satellites give sequential 
images of fixed sectors of the Earth’s 
surface. The basic system will receive VHF 
. signals from the APT (Automatic Picture 
ransmission) systems of the US National 
Oceanic and Atmospheric Admin- 
istration’s Tiros and Meteor series of 
orbiting satellites. Addition of a parabolic 
_ dish aerial and extra modules allows trans- 

- Missions from geostationary satellites such 

as Meteosat, which covers a large area of 

Europe, to be received. The transmissions 

from Meteosat are also augmented from 
__. time to time by information from GOES 
Central, the geostationary satellite which 
relays weather data for North and South 
America and much of the Western 
Atlantic. 
-Circle No. 135 on Reader Service Card. 

@The Beckman Instruments PHI31 is a 
< portable laboratory bench model pH meter 
Which makes use of a custom-designed 

_ integrated chip. The meter automates most 
Measurement steps to provide nearly un- 
attended measurement and simple opera- 

tion for routine tasks such as quality con- 
trol and environmental monitoring. It has 
display, error and out-of-temperature- 
range flags; always displays temperature; 
and does temperature computation with or 
without an automatic temperature com- 
pensation probe. 

Circle No. 136 on Reader Service Card. 
®The Isolab Glyc-Affin kit for measuring 
‘cosylated haemoglobins by affinity 
hromatography is a possible replacement 
or the standard ion-exchange methods, 
nd can also measure other glycosylated 
proteins. The columns, from Advanced 
boratory Techniques of Tunbridge 
Wells, contain a boronate agarose medium 
that has an affinity for all glycosylated pro- 
teins. It can be used to measure glycosy- 
lated haemoglobins with assay results com- 
parable to those obtained by the Fast Hb 
test. In addition, the Glyc-Affin System 
will quantitate glycosylated serum pro- 

ae 


































hes to dispensers 


-Sixteen new products are described this week, 
- weather satellites to an in formation package o 

























Top to bottom: the Feedhack System for 
receiving satellite data; BRL’s bench-top 
fermenter; Beckman’s new DH meter. 

enn 
® Dionex 2300i series instruments combine 
Dionex ion chromatographs with Autolon 
300 software and high performance 
Hewlett Packard computer hardware to 
provide a completely interactive, com- 











composition. 


ranging from a dish for the reception of data fror 
n liquid chromatography techniques. : 


| ©The BRL Airlift fermenter isa bench-top. 


fermentation system able to create precise 
reproducible growth conditions for a wide 
variety of microorganisms, including 
aerobic, anaerobic, thermophilic and 
photosynthetic organisms. The self-con- 
tained fermenter is complete with fully- 
controllable lights, air/gas mixing and 
delivery capability, built-in air com- 
pressor. The instrument panel contains : 
controls for pH, light intensity, tempera- 
ture (to 121°C), and custom gas mixing, as` 
well as monitoring foam and fluid levels. 


‘Circle No. 139 on Reader Service Card. 


®@Measurements of heats of dissolution, | 
heats of hydration, heats of mixing and - 
heats of reaction can be performed in a 
new calorimeter from Astra Scientific of 
California. Other measurements such as 
specific heat of solids or liquids and phase 
transitions are also possible, Application 
areas include the study of wetting 
characteristics of materials; | 
the solubility of compounds; and evaluat- 
ing reaction kinetics and synthesis, 

Circle No. 140 on Reader Service Card. 
®Mi3mp18 and M13mp19 are the newest 


addition to the Pharmacia P-L line of . 
products for M13 cloning and sequencing. 
These wild-type vectors can be propagated 


on E. coli JM105, which lacks restriction 


and modification systems. The use of : 


M13mp18 and Mi3mp19 with this host | 
eliminates the problem of degradation of 

large unmodified DNA fragments that can 
occur in the JM103 host used with previous 


M13 vectors. M13mp18andMI3mp19also. 


have unique Sph I and Kpn I sites in the 
multiple cloning site. 
Circle No. 141 on Reader Service Card. © 
®Knauer’s Model 50 microprocessor pro- 
grammer is designed to complement the 
company’s dual reciprocating. pump. 
system. A back-up battery stores uptoten — 
independent programs for simple isocratic 
operation. The programmer can also be : 


_ used for other laboratory instrumentation 


and for general automation processes. _ 
Auto samplers, injection valves, column 
Switching valves, solenoid valves, and 
many other types of auxiliary instruments 
can be easily connected and controlled 
without extensive programming experi- 
ence. An advanced version (Model 50A) 
adds two printed circuit cards to expand to 
a ternary system, the programmer acting 
both as a lab timer and a gradient former. 
Solvent composition can be programmed 
for any time span, giving a linear change of . 
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top burette with an LCD digital display to 
void the risk of miniscus reading errors. 
‘he display, which reads to 0.01 ml, indi- 
cates titrated volumes up to 99.9 ml, then 
uitomatically re-zeros and begins counting 
again. 

Circle No. 143 on Reader Service Card. 

@ Acro LC3 from Gelman Sciences is a dis- 
posable 3mm filtration device for filtration 
of aqueous and solvent-based HPLC 
samples. Designed for filtration of samples 
in small volumes, the Acro LC3 features a 
female luer inlet for attachment to stan- 
dard syringes. The filter comes in two 
models both with 0.45jm pore size. The 
LC3S is designed for filtration of solvent- 
based samples and contains a 3mm PTFE 
membrane for solvent resistance. The 
LC3A, for aqueous solutions, contains 
Versapor, a non-particulate-releasing, 
hydrophilic membrane. 

Circle No. 144 on Reader Service Card. 
@The BioVortexer mixes liquid samples in 
test tubes without the hand manipulation 
required with a conventional vortex mixer. 
Centrifugal pellets, precipitates and other 
‘solids are readily dispersed by a com- 
bination of vigorous mechanical and 
vortex action. Cross-contamination is 
avoided by using throw-away, poly- 
propylene stirring tubes. The BioVortexer 
is battery driven. 

Circle No. 145 on Reader Service Card. 
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FAIRCREST 
3 GLOVE BOXES 
F; Barretts of Croydon 
3 1 Mayo Road 
£ Croydon, 
Es CRO 2QP U.K. 
= Tel: 01-684 9917 





ideal for 
microinjection. 


















SINGER MICROMANIPULATORS 
ARE FAMOUS BECAUSE 
et Micromanipulators enable anyone to 





movements without tremor or lost 
‘dimensions, using a single 















The Brinkman digital burette is a bottle- a 
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The Brinkman digital burette and the Pharmarcia information package. 


@A literature package on alternative 
standard techniques for liquid chromato- 
graphy has been compiled by Pharmacia 
Fine Chemicals. A standard technique is 
defined as a liquid chromatography 
method with a wide applicability. Estab- 
lished standard techniques are gel filtration 
and ion-exchange chromatography. The 
package contains four data sheets with 
methodology for covalent chroma- 
tography, chromatofocusing, hydro- 
phobic interaction and metal chelate 
affinity chromatography. The file is 
available free of charge from Pharmacia. 
Circle No. 146 on Reader Service Card. 
@Perlag capillary aggregate from Silvaperl 
is a novel plant growth medium produced 
from volcanic lava by a thermal process 
which gives each particle a highly porous 
internal structure that can hold up to half 
its own weight in water. The inter-con- 
nected capillaries and cellular pores in 
Perlag make it free-draining, but at the 
same time give it built-in controlled 
moisture retention and release, making it 
an excellent benching medium. 

Circle No. 147 on Reader Service Card. 


















@ What is claimed to be the first commer- 
cially available instrument for measure- 
ment of forces as low as 1 xg with good fre- 
quency response has been introduced by 
Cambridge Technology, Inc. of Cam- 
bridge, Massachusetts. The Model 406 
force transducer system is based on a vari- 
able displacement capacitor whose plates 
are formed from an etched, cantilevered, 
quartz beam, with an integral reference ele- 
ment to simplify operation. The reference: 
element provides good temperature stabili- 
zation, and simultaneously rejects most 
ambient vibration and electrical interfer- 
ence. The unit can measure up to 50 mg 
full-scale and its 100 Hz, 3 db down fre- 
quency response allows a critically damped 
step response of 5 ms (1 to 99%). The thin 
layer of air between the capacitor plates 
provides mechanical damping. 

Circle No. 148 on Reader Service Card. 
@The latest 1Q 190 sample processor from 






| Cavro Scientific Instruments is fitted with a 


programmable digital dilutor for applica- 
tions in the clinical laboratory. The pro 
cessor can be used for pipetting and dilut 
ing, titrating, serial diluting, dispensing, |. 
multiple dispensing, aspirating and alb > 
quotting samples and/or reagents. The . 
unit can aspirate a sample and up to 8 
reagents for complicated procedures. An i 
optional wash function eliminates con- 
tamination between samples. 

Circle No. 149 on Reader Service Card. 

@®New from Biomedical Technologies is a 
sensitive cyclic AMP radioimmunoassay 
kit. The kit includes a highly specific pre- 
conjugated cyclic AMP antibody and an 
jodine-125 labelled tracer. The sensitivity 

of the assay is 0.10 picomoles per tube, or 
0.005 picomoles per tube for acetylated 
samples. The protocol is simple, includes 
only one incubation and generates a visible — 
precipitate. ee 
Circle No. 150 on Reader Service Card. 
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 BIOZENTRUM 


UNIVERSITY 
OF BASEL 


DEPARTMENT OF 
BIOCHEMISTRY 


POSTDOCTORAL POSITION 


ine Successful applicant will be 
working in a group concerned with 
_the role of cell-surface carbohydrates 
in neuronal recognition, bacterial 
adherence, and metastasis. The tech- 
niques employed include cell culture, 
iochemical and immunochemical 
Olation of membrane proteins, cell 
hesion asrays, enzyme charac- 
tization and immunohisto- 


oss Salary, depending on quali- 

, nd experience will start 

approx CHF 48,000 per annum. 

position is available 
immediately. 


» Applicants should submit curri- 
culum vita, list of publications, 
names for reference letters and date 
of availability, without delay to: Dr J 
Finne, Biozentrum, University of 
Basel, Klingelbergstrasse 70, 
H-4056, Basel, Switzerland. 
(W919)A 


_ UNIVERSITY COLLEGE OF 


LONDON 
GALTON LABORATORY 


“NEW BLOOD” 
LECTURESHIP IN HUMAN 
BIOCHEMICAL GENETICS 


Applications are invited for this post 


tenable from 1! October 1984. 


Lecturer will be expected to con- 
tribute to the teaching of genetics and 
to pursue research in human bio- 
chemical genetics. Preference will be 
given to applicants interested in the 
application of recombinant DNA 
technology to gene mapping and the 
investigation of human diversity. 
Salary will be in range 
£7,190-£14,125 (under review) plus 
£1,186 pa. London Allowance. 


Informal enquiries may be made to 
Professor E B Robson, Department 
of Genetics, University College of 
London, Gower Street, London 
WCIE 6BT, to whom applications 
(no forms) should also be sent 
including a cv, list of publications 
and names of not more than three ref- 
erees. Closing date for applications 
22 May 1984. (1764A 


LER.S 


the Pharmaceutica 


has a vacant position for a 


UNIVERSITY 
OF BATH 


SCHOOL OF 
BIOLOGICAL SCIENCES 


LECTURESHIPS 


Applications are invited for two 
lectureships in the School, tenable 
from Ist September, The teaching 
input will be concerned with the 
following courses: 


1. Plant Pathology, dealing with 
fungal and bacterial diseases, 

2. Plant Genetics, dealing with 
aspects of population and ecological 
genetics and plant breeding. 


Successful applicants will have 
relevant postdoctoral experience and 
will be expected to pursue research in 
related topics. - 


The starting salary for these posts 
will be set in the lower part of the 
. range £7,190 — £14,125, 


Further particulars and appli- 
cation. forms may be obtained from 
Personnel Officer, University of 
Bath, Bath BA2 7AY, quoting ref- 
erence 84/5}. 


Closing date: 10th May 1984. 
(724A 


| Research Division of SYNTHELABO 


ASSOCIATE CELL 
BIOPHYSICS 


membrane recept 
cytoskeletal interactions, 
molecular responses of ewca 
cells to electric fields and mechani 
stimuli. 


image analysis, fluorescence ph 
bleaching recovery, fluctua 
spectroscopy, cell culture - 
monoclonal antibody proced 
Various interdisciplinary ‘bac 
grounds suitable includin 
biophysics, neurobiology, molec 
cell biology, instrument 
biochemistry. 


send vita, bibliography, an 
references to Prof Watt WOW 
Corneli University, Applied Phy. 
Clark Hall, Ithaca, New ¥ 
14853-0161. 


An Affirmative Action/Equ 
Opportunity Employer. ; 
(NWATDA 


Project leader 


( biochemist/pharmacologist) 


in the Pain and Inflammation Group of its Biology Department. 


The chosen candidate for this position will be in 
charge of a research unit within the group and will 
participate in the coordination of the functionsand 
scientific direction of the group in close collaboro- 
tion with the group leader. 
The objectives of the Pain and Infia mmation Group 
are the selection and further evaluation of analge- 
sic, antiinflammatory and anti-ulcers compounds 
as well as other compounds active in the gastro- 
intestinal field. 


Dynamic, he or she should possess an experience 

- related to a Ph. D. or equivalent qualification _ 
and have a good background related to prosto- 
giandin synthesis and regulation as wellasa 


knowledge of the relevant pharmacology and the 
modern biochemical techniques used in this field 
of research. 

He or she should have a post-doctoral experience 
of at least 3 years in this research area and a good 
working knowledge of the French and English 
languages; experience in the Pharmaceutical 
industry would be appreciated. 

Place of work: Southern suburbs of Paris. 


All applications will be confidentially considered 
and will have to be sent under Réf B. 31 witha 


Media-system ns 


_Curiculum Vitae to: 
LERS. Direction Administrative 58-60, 
tue de la Glacière 75013 Paris France. 








RECHERCHES MEDICALES 
DE FRANCEVILLE — GABON 

- recrute 
TECHNICIEN SUPERIEUR 
DE RECHERCHE EN 


BACTERIOLOGIE DES 
M.S.T. 


-© Expérience nécessaire en recherche sur 
Mycoplasmes, anaérobies ou gonorhée. 










7 © Contrat de 2 ans, renouvelable. Conditions 
_habituelles d‘expatriation. Disponible début juin ou 
septembre 1984. 








Adresser candidature avec Curriculum Vitae et 
photo à Monsieur le Directeur Général — 
C.1.R.M.F. 28, bd de Grenelle — 75737 PARIS 
cedex 15. (W915)A 


Tenure Track Assistant 
Professorship in Biochemistry 


The University of Calgary invites applications from well 
qualified candidates trained in biochemistry or a related field 
with a record of research creativity in the areas of gene 
expression, protein biosynthesis and recombinant DNA. The 
successful candidate is expected to develop a productive 
research program in both pure and applied problems thio- 
technology), to supervise graduate students and to teach in 
both the undergraduate and graduate programmes in Bio- 
chemistry. The appointee will hold a joint appointment 
(70/30) in the Division of Biochemistry, Department of 
Chernistry and the Department of Medica! Biochemistry, 
Faculty of Medicine and will be eligible to apply for research 
support from the Natural Science and Engineering Research 
Council of Canada, the Medical Research Council of Canada 
and the Alberta Heritage Foundation for Medical Research 

_ (AKFMR). The candidate would also be eligible to apply to 

. AHFMR for an establishment grant to cover the costs of 

-- setting up a new laboratory with major and minor equip- 

“ment plus operating funds for an initial period. The appoint- 
ment date is January 1, 1985. 

- Salary will be commensurate with prior experience. 

“In accordance with Canadian immigration requirements 
priority will be given to Canadian citizens and permanent 
residents. However, others are encouraged to apply. 
Qualified individuals should send their curriculum vitae, a 

description of their research objectives and arrange to have 

three letters of recommendation sent, by July 1, 1984 to: 





Dr. K.J. Stevenson, Chairman 

THe Division of Biochemistry | 

sen, UNIVERSITY 
OF CALGARY 


CENTRE INTERNATIONAL DE 







Research and Development of Phillips Petroleum Company: is 


looking for experienced molecular biologists for its expanding 
Biotechnology Group. Ta 


Individuals with the following background and. experience: are 
needed: PhD in Molecular Biology or Microbiology with emphasis in 
expression of cloned genes in yeast, £. coli., and gram positive 
bacteria. Laboratory experience in the following areas is desired: 
DNA sequencing, cloning and gene expression. 


Phillips Research Center is located in Bartlesville, Oklahoma, a mid- 
western Community which provides excellent cultural, educational, 
and recreational pursuits. Phillips Petroleum Company also offers 
competitive salary and benefits package. 


inquiries are kep in strict confidence and answered promptly. Please 
send résumé with salary history to (no agency referrals please}: 


Jeannie E. Spain 
PHILLIPS RESEARCH CENTER 
Bartlesville, OK 74004 


PHILLIPS 
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An Equal Opportunity Employer 
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Two Research | 
faculty/ research scientist 


positions are available in the Department of Physics and the Center. 
for Atmospheric and Space Sciences at Utah State University. 
Candidates should have a Ph.D. degree and experience in, 
theoretical and/or experimental aeronomy and space physics. . 
Experience in the following areas will be advantageous: 

experimental optical spectroscopy, theoretical modelling of the- 
chemistry and dynamics of the Stratosphere/mesosphere: — 
theoretical modelling of the thermosphere/ionosphere. 
Opportunities exist to participate in stratospheric balloon, Space 
Shuttle and satellite flights, in the design and fabrication of- 
experiments, and in data analysis and theoretical modelling. The 






opportunity also exists for a suitable candidate to assume prog 
responsibilities for a major optical remote sensing instrumen 
comprehensive database of terrestrial emissions covering the 
extreme ultraviolet to the near infrared, and extending from 
surface of the earth the thermosphere, was recently acquire 
Spacelab 1, providing significant data analysis opportunities. The 
group is also involved in the development of comprehensive models 
of the photochemistry and dynamics of the thermosh 
ionosphere/plasmasphere. it is planned to extend the modellir 
work to the stratosphere and mesosphere in support of balloon 
measurements of key radicals. E ee 
Interested persons should submit a resumé and the names of th 
individuals who can be contacted for reference purposes tot 
M. R. Toor Ta l 
Department of Physics — 

Utah State University, UMC41 
Logan, Utah 843220000 
before April 30, 1984. £ becomn 
















The Utah State 











. Applications are invited for Lectureships in the followin 
-. departments and areas. These ed arise from the UGC “New 
Blood” (NB) and “Information echnology” (iT) initiatives. The new 
posts will be normal academic appointments, subject to the following 
qualifications: 
NB POSTS The primary role of these posts in the early years will be 
to contribute substantially to research, though they will carry 
_ teaching duties. Applicants must therefore have postdoctoral. _ 
experience in the area specified and proven ability for independent 
research and innovation. The upper age limit for appointments is 35. 
Persons halding permanent university appointments in the U.K. are 
ineligible, 
-IT POSTS These fall into two groups {IT1 and 172); there is no 
formal age limit for either of these but persons already holding _ 
permanent appointments in universities in the U.K. are not eligible 
or T1 Tait he conditions of the IT1 posts are similar to the NB 
posts. The primary purpose of the IT2 post is to support the MSc 
course in Information arnnology. run by the Departments of _ 
Artificial Intelligence, Computer Science and Electrical Engineering. 


“NEW BLOOD” APPOINTMENTS 
Mathematics (Ref: NB7) 
Global Analysis 


Candidates should have a strong record of research in some aspect 
of global analysis. Some preference will be given to applicants who 
will be able to co-operate with those members of the Department 
who work in related areas (topology, functional analysis, geometry 
and differential equations). 


Mechanical Engineering (Ref: NB8) 
~. Computer-aided Design and 
Manufacture. Robotics 


The successful Appice: will join a team whose research activity is 
strongest in the field of electrical machining (e.g. ECM) but whose 
interests range as widely as non-linear vibrations and gas bearings. 
Research in the area of CAD/CAM is being developed to forma _ 
sound basis for teaching in that area and to form a strong mechanical 
engineering pre arm for co-operative work on robotics with the 

- Departments of rtificial intelligence, Computer Science and 

Electrical Engineering. 


i 

I 

l 

i 

I veterinary Pathology (Ref: NB9) 
I Molecular Biology 
rf 
Į 
I 
I 
I 









Molecular: Biologist to work on molecular aspects of immunity to 
microorganisms. The successful applicant will join a strong 
immunology research group working on basic aspects of immunity to 
artificial vaccines and will be expected to develop research _ 
programmes in molecular genetics which integrate with existing work 
on the biology of immune cell populations. 





Geology (Ref: NB11) 
_ Chemical Oceanography 


Candidates should preferably have a chemical and/or geological 
ckground with research. interests in the chemistry and mineralogy 

of water and sediments across the benthic boundary layer or in 
oceanic sediments through time. Competence inr Wiometry and its 
use in establishing chemical fluxes would be especially welcome. 

- Civil Engineering and Building Science 

- (Ref: NB12) 

_ Non-destructive Investigation of 

_ Soil Structure Systems 


rtake research into the 


SEE OTT SOE. ROER: S. SO... E: 








Forestry and Natural Resources (Ref: NB13) 
Micrometerology 


The work will be concerned with the coupling between vegetation _ 

(and possibly also animals) and the atmosphere and the processes of 

exchange of energy, mass and momentum with particular reference. — 
Cardo 







the tropics. 


UNIVERSITY OF EDINBURGH 


“INFORMATION TECHNOLOGY” 
APPOINTMENTS = 









Artificial Intelligence ( 


The appointee will be expected to integrat 
_ Gepartment's research in machine vision. Cu 
the introduction of model-based vision technique: int 


command language and the use of know! 


Natl wil be expected tot 


interpret sonar data. The 


Computer Science/Epistemics (Ref: IT1/3) 
Formal Semantics 


Applications are invited for a lectureship in formal semantics to be 
held jointly in the School for Epistemics and the Department of 
Computer Science. Candidates should have a background in 


mathematical logic appropriate to its a plications in the study of both 


natural and Programming languages. Pref 
someone with expertise in one or more of the foll 
tense logics, type theory, constructivism, and fo ge 
he appointee will be expected to teach at the graduate level 
Programme and to contribute to both 
graduate and undergraduate teaching in Computer Science. 


Linguistics (Centre for Speech Technology 
Research) (Ref:IT1/4) 


Speech Computing 


The person appointed will act as the Deputy Director of the new 
Centre for Speech Technology Research. The Centre will promote 
integrated research on MMI topics in speech and natural language 
processing, in collaboration with the Departments of Electrical 
ngineering, Artificial ntelligence and Computer Science. The 
successful candidate would be committed to research primarily in 


automatic speech recognition, but would be expected to give 


leadership across several areas of the Centre’s Ponc Participation 
t's 


would also be expected in the teaching of the departmen 
contribution to the MSc in information Technology. A strong 
background in speech Computing is necessary and experience in 
industry would be welcome. 


Artificial Intelligence (Ref: 1T2/1) 


Declarative Languages 


The appointee will be expected to integrate the department's 
teaching and research into A.I. programming languages, with 
particular emphasis on logic programming systems. 


teach at the graduate level in the MSc Programme in Information 
Technology and to contribute to undergraduate teaching in artificial 


The salary will be on the Lecturer scale £7,190-£14, 125 p.a. (under 
review) with superannuation under the Universities Superannuation 
Scheme; the starting salary depends on age, qualifications, and 
experience. maturity? an appointment might be made on the 
Senior Lecturer scale £13,515- 16,925 p.a. (under review). 


n assimilation, water loss and windthrow and in relation to... gf 
, topography, weather patterns and advection, both here and. 


; 8 Oe expected to teach at the 
graduate level in the MSc rogramme in information Technology and 
to contribute to undergraduate teaching in artificial intelligence. 















































Faculty of Technology 
DEPARTMENT OF 
GEOLOGY & PHYSICAL SCIENCES 


RESEARCH ASSISTANTS IN 
PHYSICAL SCIENCES 


1. LASER DOPLER AND SPECTROPHOTOMETRIC TECHNIQUES 
USING FIBRE OPTICS IN NON-INVASIVE PHYSIOLOGICAL 
“MEASUREMENTS. 
= The Department of Geology and Physical Sciences is seeking to 
appoint a Research Assistant to work for three years on the 
development and investigation of Laser Doppler and 
oe “spectrophotometric techniques suitable for non-invasive physiological 
measurements. Emphasis will be placed on analysis of the charac- 
teristics and origins of the electrical signals resulting from the photo- 
_ detection of coherent and non-coherent optical radiation scattered 
<o from skin tissue, using fibre optics in the illumination and light 
collection. Candidates for the post should possess a good honours 
degree, preferably in physics or electronics with an interest in 
_ biomedical engineering. 
| Ref: GPS(R1) Closing date: 30th May, 1984. 
2-2. APPLICATIONS OF COMPUTING IN TEACHING PHYSICAL 
SCIENCES. 
- The Department of Geology and Physical Sciences is seeking to 
appoint a Research Assistant to work for three years on one of the 
following: 
1} Computer Modelling of Scientific Instruments 

2): Computer Modelling of Processes in Physical Sciences 
3) Computer Representation of 3-dimensional functions in Physical 
| Sciences. 
Candidates for the post should possess a good honours degree, pre- 

~ ferably in chemistry or physics in each case with subsidiary computing 
or Joint Honours Chemistry/Computing of Physics/ Computing with 
an interest in computing in education. 
Raf: GPS(RZ) Closing date: 30th May, 1984. 


| The successful applicants will be permitted to register for the degree of 
2O MPhil/PhD with the CNAA and will be required to undertake some 

Í laboratory teaching at undergraduate ievel. Starting salary is in the 

Í| range £4,947 — £5,649 p.a. The posts are available from fst 
September, 1984. 


S.E.R.C. RESEARCH 
STUDENTSHIP 


0 Applications are invited for a Science and Engineering Research 
Council Collaborative Training Award Studentship which will be held in 
| conjunction with Applied Photophysics Ltd, London. The project 
involves the design and construction of a portable integrating sphere 
reflectometer for the measurement of the optical properties of 
absorbing and transmitting surfaces used in solar collectors. Work will 
involve spectral correction and calibration of lamp sources, design of 
transfer optics and integrating spheres, detector selection and 
calibration, design of electronic circuitry and construction and testing 

of the portable instrument. 


The successful applicant will join a small group working on the 
development of spectrally selective materials for solar collectors and 
will spend up to three months working in London with the industrial 
collaborator. Applied Photophysics Ltd are a leading company who 
$ specialise in the design and manufacture of optical instruments and 
excellent facilities are available for the project. 
Successful completion of the project will lead to the degree of MPhil. 
Applicants should havea good honours degree, preferably in physics or 
electronics. and possess a strong interest in the design of 
strumentation. 
S(R3) Closing date: 18th May, 1984. 
on forms and further details from Mrs C. Williams, 
Oxford Polytechnic, Headington. Oxford, Tel. Sr 
Ae (1731A 





























BIOTECHNOLOGISTS! 
“Are you reading Bio/Technology, the international Journal for 
-Industrial Biology? : 

For a free sample copy of this new monthly Journal from the Publishers 
of Nature, please write or phone: 


- Felicity Parker 
Bio/Technology 
Houndmills Industrial Estate 
Brunel Road, Basingstoke _ 
Hampshire, UK Ti 

Tel.: (0256) 29242 = 


Mirta Soto 
Bio/Technology 












HOSPITAL MEDICAL 
SCHOOL 
London WIP 7PN 


The Courtauld Institute 
of Biochemistry 


‘NEW BLOOD 
LECTURESHIP’ 


Applications are invited from 
Biochemists/Molecular Biologists 
for a permanent appointment, avail- 
able from August and funded under 
the UGC’s ‘New Blood’ initiative in 
which the primary role in the initial 
years will be within a research unit led 
by Professor R K Craig on the appli- 
cation of molecular biology to 
medicine. The unit is being expanded 
to encompass the interests of many 
departments. 


The appointment may be made at 
any level of seniority. The successful 
applicant will be expected to have a 
proven record of success in his/her 
chosen field of research, the ability to 
develop their own research project(s) 
an interest in teaching and the per- 
sonality to work with people having a 
wide variety of background but a 
common interest in medical research. 
Salary will be on the Lecturer scale 
£8,376 to £15,312 (including London 
Weighting (under review). 


Further information may be 
obtained from Professor R K Craig, 
Courtauld Institute of Biochemistry, 
preferably at the above address. 


Applications as soon as possible, 
but not later than 1 July 1984 to The 
Secretary at the above address. 

{1736)A 
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THE UNIVERSITY OF 
LEEDS 


DEPARTMENT OF 
PHYSICAL CHEMISTRY 


RESEARCH ASSISTANT 


Applications are invited for a post of 
pre-doctoral RESEARCH ASSIST- 
ANT in the above department for 
work on the experimental study ofthe 
thermal conductivity of gases involv- 
ing the use of the transient hot-wire 
technique. The appointment will be 
for a fixed period of one year from a 
date to be arranged and will be based 
at the National Engineering Labor- 
atory at East Kilbride. There may be 
the possibility of a further fixed term 
contract thereafter. 


A good honours degree in an 
appropriate subject is required. The 


successful candidate may have an. 


opportunity to register for a higher 
degree. 


Salary on the IB Range for 
Research and Analogous Staff 
(£6, 130-£8,530) (under review) 
according to age, qualifications and 
experience. 


Dr A A Clifford (tel, Leeds (0532) 
431751 ext 6006 or 6080). = > 
Application forms and further par- 
ticulars may be obtained from- t 

Registrar, The Unive 3 
LS2 9JT, quoting refer 
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, . | rosetting, lymphokines, la antigens 
Informal enquiries may be madeto | oe ae 
Send curriculum vitae, l 


<- PUBLIC HEALTH _ 


"LABORATORY SERVICE | 


‘BOARD 
PHLS CENTRE FOR APPLIED 





_ MICROBIOLOGY AND RESEAR( 


VACCINE RESEARCH A 
PRODUCTION 
LABORATORY _ 


JUNIOR MEDICAL 
LABORATORY SCIENTIE 


Applications are invited for t 

above post in the Vaccine Researe 
and Production Laboratory at th 
Centre for Applied Microbiology and _ 
Research. The Laboratory is in- | 
volved in investigations of micro- 
organisms of current or potential 
clinical importance and the - 
production of human vaccines and — 
diagnostic reagents against a range of. 
pathogenic micro-organisms under 
the appropriate licensed conditions. ae 


The successful applicant will be 
expected to (a) assist in the manu- 
facture and testing of microbial 
vaccines for clinical use, currently 
viral vaccines for an overseas 
customer, and (b) when productio 
schedules allow, be involved JR. 
research programmes within “the 
Laboratory, in particular those. 
leading to the development of | 
effective herpes virus vaccines... = = 


Applicants should be a graduate in. 
an appropriate field or have 4 3 
passes of which either chemistry and 
another science or mathematical 
subject are at ‘A’ level. A sound 
knowledge of microbial and tissue 
culture techniques and an under- 
standing and interest in biochemistry 
would be desirable. ee 


Starting salary for Junior ‘B' 
MLSO grade at age 17 is £3,456 rising 
to a maximum of £4,818. National. 
Health Service terms and conditions 
will apply. Candidates seeking 
further information should contact 
Dr € N Wiblin (extension 475), 


Application forms are available 
from the Personnel Officer, PHS 
Centre for Applied Microbiology 
Research, Porton Down, Salisbury, 
Wiltshire SP4 0JG, telephone 
Idmiston 610391 to whom completed 
forms should be returned by 4 May 
1984. 0770A - 












RESEARCH ASSOCIATE/ 
POSTDOCTORAL POSITION 
Available immediately to study 
Ecy receptor-mediated regulation 0: 
cellular functions. Qualification: 
must include: a 
i. an earned MD or PhD in Immur o 
logy or related field ? 






> a minimum of two years WC 
research experience in cellula 
Immunology (cell culture, E7 






antigen presentation, ete.) > 
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_ UNIVERSITY COLLEGE 

-S OF NORTH WALES 

Coleg Prifysgol Gogledd Cymru 
Bangor 


-INSTITUTE OF MOLECULAR AND 
- BIOMOLECULAR ELECTRONICS 










a APMNications are invited for a “New 
< Blood” appointment in the field of 


MOLECULAR 
ELECTRONICS 


oo The person appointed will be 
_ attached to the Institute of Molecular 
< and Biomolecular Electronics, which 
< has been established to promote 
< fesearch in this interdisciplinary area 
Of study. Applicants must be aged 
under 35 and should have a back- 
ground in physical science, electrical 
_» materials science or biophysics, with 
appropriate expertise which they can 
_ contribute to the Institute. The 
successful applicant will be expected 
< to establish a programme of original 
work and to seek collaboration with 
Industry. At present work is in pro- 
gress on the electronic, dielectric and 
electrochemical properties of 
~ synthetic metals, biomaterials, 
“polymers, biological membranes, 
oothin films and sensors. Applications 
“will be welcomed from those with 
Gaerience in these or other areas 
related to the work of the Institute. 


__. The-appointment will be to the 
. Universities Lecturer scale (£7,190 — 

£14,125 [under review] and initially 
teaching duties will be light in order 
_ fo allow concentration on establish- 
-inga vigorous research programme. 


2i. Applications [two copies], giving 
details of age, education and 
_ experience, together with the names 
and addresses of three referees, 
Should be sent to Mrs M E 
Macdonald, Administrative 
Assistant, University College of 
= North Wales, Bangor, Gwynedd 

~LU37 2DG, from whom further par- 
< ticulars may be obtained. 


[Informal enquiries may be made 
to the Secretary of the Institute, 
Professor A E Underhill, telephone 
number [0248] 351151, ext 221). 





oSgpsing date for applications — 
Junes h, 1984, (1750A 





IMPERIAL COLLEGE OF 
SCIENCE AND 
TECHNOLOGY 

SILWOOD PARK 
POST DOCTORAL 
RESEARCH ASSISTANT 


_ required for project starting October 
1984 on the ecological interactions 
between natural enemies and insecti- 
“cides. Candidates should have 
fence in behaviour or ecology of 
mophages. Mathematica] 
felling skills desirable. 


- This lab and field based study is 

supported by the Agricultural and 

Food Research Council and is for a 

cthree year period. Salary in range 
7,190 — £11,615 per annum. 














es of two referees to Dr Jeff 
age, Imperial College, Silwood 
i Ascot, Berks SLS 7PY by 

O84. = = - BDA - 
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pplications with full ev and | 


UNIVERSITY COLLEGE 
OF LONDON 


DEPARTMENT OF BOTANY AND 
MICROBIOLOGY 


Applications are invited for: 


a) “NEW BLOOD” 
LECTURESHIP 


in Plant Biochemistry and Bio- 
physics, Candidates should have 
interests in the application of bio- 
physical techniques to the study of 
photosynthesis. Experience in either 
photosynthesis research, membrane 
biochemistry, or in the application of 
magnetic resonance techniques (EPR 
or NMR} to other biological systems 
would be equally acceptable, The 
Lecturer will be expected to col- 
laborate with the existing photo- 
synthesis research group in teaching 
and research. Salary on scale 
£7,190-£14,125 + £1,186. 


Applications to: Assistant 
Secretary (Personnel), University 
College London, Gower Street, 
London WCIE 6BT. 


b) An SERC-supported 
POST-DOCTORAL 
RESEARCH ASSISTANT 


to join the photosynthesis research 
group investigating the properties of 
the electron acceptors of photo- 
system |. Candidates should have a 
background in Biochemistry or 
Chemistry and research experience in 


either membrane biochemistry or in | 
the application of advanced spectro- | 


scopic techniques in photobiology or 
photochemistry. The appointment is 
available up to three years, Salary on 
scale LA £7,190-£8,080 + £1,186. 


Applications to: Professor M C W 
Evans, Department of Botany & 
Microbiology, University College 
London, Gower Street, London 
WCIE 6BT from further details may 
be obtained. 


Closing date for both posts is 22 
May 1984, (176A 
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ASSISTANT OR ASSOCIATE 
PROFESSORSHIP FOR 
VIROLOGIST 


the Immunology/Microbiology | 


Department of Rush Medical College 
invites applications for a tenure-track 
faculty position. Applicants must be 


able to develop or continue a strong | a 


research program in viral molecular 
genetics or pathogenesis. Current 
departmental investigations in 
virology involve human and 
woodchuck hepatitis B, Newcastle 
disease, and Rous sarcoma viruses: 
departmental interests generally 


focus on the chemistry and biology of |- 


host-microbial interactions an the 
inflammatory response. 


Please send curriculum vitae, 
description of research interests, and 
three letters of recommendation by 
August 1, 1984, to: Dr Mark Peeples, 
Chairman, Selection Committee, 
Immunology/Microbiology Depart- 


ment, Rush Medical College, 1753. f 
West Congress Parkway, Chicago, |. - 


IL 60612. — 


Rush is an equal opportunity- | 


affirmative action employer. l 
o (NW473)A 







Careers 


Challenging career opportunities currently — 
exist in the expanding Biotechnology Sec- 
tion of the Celanese Research Company. © 
The successful candidates will join our pro- 
fessional team of dedicated scientists 
engaged in the application of state-of-the-art 
technology to the development of 
microorganisms and processes for the pro- 
duction of a variety of chemical products. 


BIOCHEMIST/ 
PHYSIOLOGIST 


This position requires a Ph.D. in 
Biochemistry or Microbial Physiology, 
preferably with at least 2 years postdoctoral 
experience in the area of microbial 
metabolism and/or the genetic manipulation 
of microorganisms. The successful can- 
didate will be required to participate in ongo- 
ing research programs in addition to in- 
itiating his/her own programs. 


POLYMER 
BIOCHEMIST/ 
MICROBIOLOGIST 
In addition to a Ph.D. in Microbiology or 
|| Biochemistry, this position requires at least 
2 years postdoctoral experience in the pro- 
duction (e.g. fermentation), isolation and — 


rheological evaluation of biopolymers such . 
as microbial polysaccharides. ee 

























































Located at our Corporate Research Center 
in Summit, N.J. these positions offer salaries - 
commensurate with credentials, and com- 
gf; prehensive benefits packages in addition to 
gi a professionally stimulating environment. 


To be considered for one of these excep- | 
tional opportunities, please forward a` 
resume with salary history in confidence to: © 
Employee Relations, Dept. SB4, Celanese E 
Research Company, 86 Morris Ave., 
Summit, N.J. 07901. 


ELANESE: 


SUMMIT TECHNICAL CENTER | 



















Classified 6 


Agricultural and F 00c t 
FOOD RESEARCH INSTITUTE 
Chemistry and Biochemistry Division 


CHEMIST/ BIOCHEMIST/ BIOPHYSICIST 


d The Food Research: Institute has. vacancies for three Scientific Officers 
“in the Chemistry and. Biochemistry Division. 


POST NO. 83/17: A CHEMIST 

is required to study the extraction, chemical modification and gelling 
properties of pectins in food. A multidisciplinary approach including 
biophysical. studies is being used in this research and the person 
appointed will be expected to interact with other members of the 
research team. 


Qualifications: 





A degree in Chemistry: knowledge of 
polysaccharide chemistry will be an advantage. 


POST NO. 83/27: A BIOCHEMIST 

is required to join the cell-wall group of this Division to examine the role 

of cell-wall components in determining the texture of foods of plant 

origin. Biochemical and physical techniques including electron 

microscopy will be used. 

Qualifications: A degree in Biochemistry; knowledge of cell-wall 
structure will be an advantage. 


POST NO. 83/32: A BIOPHYSICIST/BIOCHEMIST 

fe required to join a group working on the composition and functional 
properties of food proteins. The aim of the research is to relate protein 
composition to the physical properties and surface properties of gels or 
other multiphasic systems and to devise better methods of determining 
functional properties of proteins in food. 
Qualifications: A degree in Biophysics, Biochemistry or Food 

Science. 


Salary: All three posts are on the Scientific Officer scale of £5,682 — 
£7,765 
Non-contributory superannuation scheme. 


The Agricultural and Food Research Council is an Equal Opportunities 
Employer. 


Further particulars and application forms from the Secretary, 
Food Research Institute, Colney Lane, Norwich NR4 7UA, 
quoting the appropriate reference number. Closing date: 4th 
May 1984. (1738) 





For a long term scientific project the 

Max-Planck-Institute for Psychiatry, 

KraepelinstraBe 10, 8000 München 40, 
is looking for: 


1.) Applications are invited for a post of Research 
Associate to join a team involved in psychiatric research 
(biological psychiatry). The candidate must have 
considerable experience in clinical psychiatry and should 
| _ additionally be qualified in basic research (biochemistry/ 
pharmacology). Sufficient German language capabilities 
` are required. 


2.) Applications are invited for a post of Research 
Associate to join a team working on a project investigating 
the actions of neuroactive drugs (e.g. opioids, 
benzodiazepines) and their interactions with 
neurotransmitters in the mammalian CNS. The candidate 
will be involved in electrophysiological and 
neuropharmacological investigations at the single unit 

evel in vivo and in vitro and should have considerable 
background in neurophysiology. 


Applications giving age, qualification and 
experience, together with a full curriculum vitae and 
the names of two referees should be submitted to: 
Professor Dr. D. Ploog. : 

{W916)A 


NIV 
OF ABERDEEN 


DEPARTMENT OF 
ZOOLOGY 


NEW BLOOD LECTURESHIP | 


IN FISH IMMUNOLOGY 


Applications are invited for a post of | 
Lecturer in the Department of 


Zoology allocated under the ‘New 


Blood’ Scheme and available from | 
October Ist 1984. Applicants should | 


have research interests in fish 
immunology and must normally be 
aged 35 or under. 


Preference will be given to persons 
with specific experience in the appli- 
cation of immunological methods 
either to the control of fish 
reproductive mechanisms or to the 
study of fish diseases. The successful 
candidate must be prepared to 
develop this new subject area in both 


its pure and applied aspects. To this | 


end the primary role in the early years 
will be to contribute to research; 


teaching duties will be allocated | 


accordingly. 


Salary on Lecturer scale £7,190 — 
£14,125 per annum with appropriate 
placing (under review). 


Further particulars and 
application forms from The 
Secretary, The University, Aberdeen, 
with whom applications (2 copies) 
should be lodged by 31 May 1984. 


Informal enquiries may be made to 
Professor Mordue — Tel 
0224-40241, ext 6427. (17424 


UNITED MEDICAL & 
DENTAL SCHOOLS OF 
GUY’S & ST THOMAS’S 

HOSPITALS 


DEPARTMENTS OF 
PHYSIOLOGY AND BIOCHEMISTRY 
AT ST THOMAS’S CAMPUS 


LECTURER 


A lectureship is available under the 
UGC ‘New Blood’ scheme in the field 
of Neuroscience. Applications 
should include a full CV and state- 
ment of research interest and be 
received by 30th May 1984. 


Further information from 
Professor A Taylor, Dept of Physio- 
logy, St Thomas’s Hospital Medical 
School, London SEI 7EH to whom 
applications should be addressed. 

(1803)A 





UNIVERSITY OF GLASGOW 
CHAIR OF VETERINARY 
MEDICINE 


| Applications are invited for the 


above post, tenable from Ist 
October, 1984 or as soon as possible 
thereafter. 


Further particulars may be 


obtained from the Academic 
Personnel Office, University of 
Glasgow, Glasgow G12 8QQ, where 
applications (3 copies; 1 copy in the 
case of overseas applicants), giving 
the names and addresses of not more 
than three referees, should be lodged 
on or before 3ist May, 1984. 


In reply please quote Ref. No. 
5229M. a TINA 


i} FRG 


. kater than 17 May 1984. 









































-FACULTY OF MEDICINE 
INSTITUTE OF 
BRAIN RESEARCH 
Post-Doctoral Researc 
Assistant 
(Wissenschaftlicher 
jitarbeiter) in Neuro- 
immunohistochemistry _ 
Applications are invited for the post 
of a Research Assistant to take part 
in a study of the localization of 
antigens in human post-mortem 
brain. 
Candidates must have a PhD 
degree in either Biochemistry, 
Pharmacology or Pathology. 


Postgraduate experience in general 
immunologyc procedures is 
required. Research emphasis 
should. be on problems at the 
cellular level in. the areas of neuro- 
endocrine. and neurotransmitter 
receptors and modulators, with 
particular emphasis on neuro- 
peptides. Basic knowledge of the 
German language is desirable but 
not essential. 

The appointment will be for an 
initial period of 4 years beginning as 
soon as possible. The salary will be 
(fixed according tol in range of BA 
Hi Ha (DM 3000-/month). = 
Applications including 
curriculum vitae, brief descrip- 
tion of previous and future 
research interests should be 
sent by Aprii 30, 1984 to: Prof. Dr 
A. Hopf, Director of the C. u. O. 
Vogt-Institut für Hirnforschung 
der Universität Düsseldorft, 
Moorenstrasse 5, D-4000 
Düsseldorf (FRG) {W922} A 









KING’S COLLEGE LONDO 
(University of London) 
QUEEN ELIZABETH COLLEGE 
CHELSEA COLLEGE 
‘NEW BLOOD’ 

LECTURESHIP IN APPLIEI 

MATHEMATICS 
(Quantum Gravity and Unifiec 
Gauge Theories) .< =. 
Applications are invited fot 
above Lectureship, to be fu ade 
under the terms of the UGC’s ‘ne 
blood’ provision. Candidates mu: 
be under the age of 35 at the date « 


appointment and should not alread 
have had employment i ina permaner 





| academic post in a UK universit: 


The present post would be tenable {i 
King’s College) from 1 October 19% 


| (or from a date to be agreed). Tt 


successful applicant will be expecte 
to join the research group ¢ 
Professor J] G Taylor and Dr P- 

West. The current research interes 
are; supersymmetry and supergravil 
in various dimensions; quantu 
gravity; unified gauge theorie: 
applications to high energy physics 


Salary on the scale £7, 






| £14,125 per annum plus £1,186! p 


annum London Allowance. "US 
payable. 


Application forms and fu eth 
particulars are available from tł 
Assistant Registrar, King’s Colle; 
London, Strand, London WC R21 
(tel 01-836 5454 ext 2689). Ay 
tions should be sub 
duplicate with the nam 
referees as soon as po 
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< UNIVERSITY OF BRISTOL 
_ DEPARTMENT OF MICROBIOLOGY 
ft. POST-DOCTORAL 

a ‘RESEARCH ASSISTANT 


A Microbiologist/Molecular Bio- 
-logist is required for this MRC- 
- funded post for the study of structure 

and evolution of transposable 
elements in bacteria. The post is 
available for two years from Ist July 
1984; Salary will be at an appropriate 
-point on the 1A Research Scale. 


Applications should be sent to Dr 
John Grinsted, Department of 
Microbiology, "Medical School, 
University Walk, Bristol BS8 ITD, 
UK, (17289)A 





UNIVERSITY OF OXFORD 


DEPARTMENT OF 
© GEOLOGY AND MINERALOGY 


IPORARY LECTURER/ 
~ DEPARTMENTAL 
“DEMONSTRATOR IN 
STRUCTURAL GEOLOGY 
AND TECTONICS 


A temporary replacement is sought 
or Dr J P Platt who has been 
warded a Science Research Fellow- 
ship by the Nuffield Foundation for 
one year from 1 October 1984. 
mDepending upon qualifications and 
: xperience, an appointment may be 
_ made either at University Lecturer or 
(Departmental Demonstrator status 
ata salary within the range £7,190 to 
8,530, together with National 
nsurance and Superannuation. 
pplicants should be 27 years of age 

























tes swal include the provision of 


tructural geology and related topics, 
he appointment may be held in 


k tureship at St Anne’s College. 


Applications should be sent to 
rofessor E A Vincent, Department 
f Geology and Mineralogy, Parks 
oad, Oxford OXI 3PR (from whom 


y 15 May 1984. — (LTTS)A 


A CHANCE 
“EST 
AVEC VOUS 


puisque notre Entreprise privée de 
RECHERCHE _ 
PHARMACEUTIQUE 
vous convie a participer à la forte expansion de nos 
Laboratoires, conséquence logique d'une recherche 


créative, soutenue par des moyens en hommes et 
matériels que beaucoup nous envient. 


ctures and practical classes in- 


irther ato ad may be obtained) 














UNIVERSITY 
OF CAMBRIDGE 
RESEARCH ASSISTANT 
Neuroendocrinology and 
behaviour 
A graduate research assistant 


required to join a multidisciplinary. | 


MRC-supported group studying 
reproductive neuroendocrinology 
and behaviour, using a variety of 
techniques and approaches. 


Applications (including the names 
of at least two referees) to: Dr J 
Herbert, Department of Anatomy, 
University of Cambridge, from 
whom further details can be 
obtained. (1802)A. 





UNIVERSITY 
OF. EDINBURGH 
DEPARTMENT OF MATHEMATICS 
POSTDOCTORAL 
RESEARCH FELLOW IN 
THEORETICAL 
ASTRONOMY 


Applications are invited for this post, 
which is supported by an SERC 
Grant. The successful applicant will 


work with Dr D C Heggie on. 
problems of core evolution in the- 
dynamical theory of star clusters. | $ 
Those with a background in suitable: if 
areas of theoretical physics or applied TF 
mathematics, as well as in theoretical | f 


astronomy, are encouraged to apply. 
The appointment will run from 1 


October 1984 or from a mutually | 
agreeable date, for a maximum of | 
two years, Salary will be on the range - 


IA scale, which starts at £7,190 


age. 


For further particulars please write — 


to Dr DC 
Edinburgh, 


Heggie, University of 
Department of 


Mathematics, King’s Buildings, |. , 


PHARMACOLOGIE o I 


que nos besoins sont les plus urgents 





d Unités s sont tà pourvoir mais nous sommes disposés à examiner toute 
candidature de haut niveau humain et scientifique qui nous parviendrait, y 
compris pour des fonctions voisines nécessitant une vaste culture scientifique: 


Pour lessentiel, notre Entreprise a ses bases. 4 PARIS et sa région, mais notre 
rayonnement scientifique et commercial est mondial 

Inutile de préciser que la rémunération est la hauteur de nos exigences et de 
l'autonomie intellectuelle de nos chercheurs 


Prière envoyer lettre manuscrite rédigée en francais, C.V. et photo, en 
précisant sur l'enveloppe la référence 6310, à Emplois et Carrières 30 rue 
Vernet 75008 Paris 


È 
| 





(under review), and will depend on 









(WO201A | 


UNIVERSITÄT BAYREUTH ust 


The faculty of Biology, Chemistry and Geosciences of the University | 
of Bayreuth has. an opening for a 

C 3-Professor of Genetics 
beginning in the winter semester 1984/85, 


The research area of the applicant should be molecular biology 
{recombinant DNA technology, especially in bacteria). The applicant 
also will instruct students: ing the Diploma.and those. seeking to: 


become teachers (Lehramt) in biology. 


must be skilled in teaching, and ca le of lecturing in the German 
language. He must have successfully completed University studies 
leading to the Doctorate and Docent levels. The position may be 

ited only by someone not yet 52 years of age on the date of 
appointment. 


Applicants must supply a résumé including curriculum vitae, records 
of educational experience, and list of ieee by June 1, 1984 to 

the: Dekan der Fakultät für Biologie, Chemie und 

Geowissenschatten, Universitat Bayreuth, Postfach 3008.. D-8580 

Bayreuth. (W923)A 


RESEARCH 
ASSOCIATE 


| Clinical Research Associate required for the or : 
Research Department of a Pharmaceutical Company | 
situated in the pleasant mediterranean city of Barcelona. ee 


Candidates should be graduates in life sciences or | 


pharmacists with several years relevant experience in | 
clinical research in U.K. and Europe. The person willhave | 


responsibility for setting up, coordinating, monitoring, 
and reporting of clinical trials carried out within and 
outside Spain. The candidate would be expected to even- 
tually become fluent in the Spanish language but this | 
not an important criterion initially. 


Edinburgh EH9 3JZ. “Applications, |- : Salary. 
including a curriculum vitae and f Yra AAA 
names and addresses of two referees, | pA, 


should reach Dr Heggie by 21st May. 


- Please gioie reference No 5166. 
ULT96)A 








ES St. ee Ty 


he person filin this position | 


© § available immediately. The successful applicant will assist in 


DEPARTMENT OF ELECTRONICS & ELECTRICAL 


ENGINEERING 


AND | 
DEPARTMENT OF CELL BIOLOGY 
NEW BLOOD LECTURESHIPS 

(Electronic Device Engineering) 


At Glasgow University there are two strong groups, well supported by 
external sources, one working on very high resolution (to 10 nm) 
lithography and patterning techniques and the other concerned with 
the behaviour of ceils on surfaces. Interaction between these groups 
has already produced new and original results on the behaviour of cells 
on patterned surfaces. The potential of this area of investigation is very 
great and essentially unexplored. 


Two lecturer posts are available, one in Cell Biology (Ref. No. 5234M) 
and one in Electronics and Electrical Engineering (Ref. No. 5235M). 
The lecturers will be expected both to develop the fields of lithography 
and cell biology and to liaise and combine their talents in joint studies. 
Applicants for the post in Cell Biology should have a PhD and research 
experience in developmental neurobiology or relevant areas of cell 
biology, and for the post in Electrical Engineering, a PhD in Electrical 
Engineering, Physics or Materials Science. 

The age limit for applicants is 35. Persons holding PERMANENT 
university appointments in the UK are ineligible for consideration. 
Salary will be within the range £7,190 ~ £14,125 on the Lecturers’ 
scale, with placement according to age, qualifications and experience. 
Further particulars. may be obtained from the Academic 
Personnel Office, University of Glasgow, Glasgow G12 80Q, 
where applications (8 copies), giving the names and addresses 
of not more than three referees, should be lodged on or before 
Zist May, 1984. 


in reply, please quote appropriate referencenumber. (1792)A 





Expanded version of details of post already advertised 


UNIVERSITY OF OXFORD 
New blood university lectureship 
in Paediatrics 


Applications are invited for the above post (tenable from 1 October 
1984). The successful candidate will be required to conduct 
research in the molecular basis of bacterial virulence. Applicants 
should have a background in microbiology, especially bacterial 
genetics, and preference will be given to candidates familiar with 
recombinant DNA techniques. 


Further particulars may be obtained from Professor E. R. 
Moxon, Department of Paediatrics, John Radcliffe Hospital, 
Headington, Oxford OX3 9DU, (Tel. (0865) 817434) to whom 
applications should be submitted (ten typed copies, exceptin 
the case of overseas applicants who need send only one 
typed copy) together with the names of three referees, by 7 
May 1984. {175B)A 





UNIVERSITY OF OXFORD 


NUFFIELD LABORATORY OF 
OPHTHALMOLOGY 


Research Assistant 


IL. The position of Research Assistant, funded by Pfizer Research Ltd., is 


determination of levels of sorbinil and sugars in patients by HPLC, and 


I} in biochemical studies on the mechanism of action of sorbinil in the 
prevention of diabetic complications. 


- Salary on scale Research 1A, according to qualifications and 
experience. Applications, including a curriculum vitae and the 
names and addresses of two referees should be forwarded to Dr 
M.J.C. Crabbe, Nuffield Laboratory of Ophthalmology, Oxford 
(1731)A 





University, Walton Street, Oxford OX26AW. 


UNIVERSITY OF GLASGOW | 














HYGIENE AND 
TROPICAL MEDICINE 
(University of London) 
Keppel Street, WCIE 7HT 
DEPARTMENT OF 
TROPICAL HYGIENE 


A LECTURER 
in Communicable Diseases 
Epidemiology 


is required and applications are 
invited from candidates who should, 
preferably, be medically qualified 
and have several years’ relevant 
experience in research, practice and 
teaching. Preference will be given to 
applicants who have worked in 
developing countries. The research 
work of the Department is primarily 
in the fields of the epidemiology of 
parasitic diseases, diarrhoeal dis- 
eases, the immunizable diseases of 
childhood, and leprosy, and in sero- 
epidemiology and environmental 
health. Persons with these or other 
interests are invited to apply. The 
Department would also welcome 
enquiries from epidemiologists at a 
more senior level. 


Applications, including a full 
curriculum vitae and naming two 
professional referees, should be sent 
to the School’s Senior Assistant Sec- 
retary by May 31. Further 
information may be obtained from 
Professor D J Bradley or Dr R G 
Feachem. 

(1739)A 





POSTDOCTORAL Position in cell 
and molecular biology available 
immediately in Department of Cell 
Biology, Mayo Clinic. Area of 
research involves regulation of 
specific gene expression by peptide 
growth hormones. Applicants with 
expertise in any of the following areas 
will be considered: Recombinant 
DNA methodology, DNA-mediated 
gene transfer, mammalian embryo 
microinjection and oviduct implant- 
ation. Send curriculum vitae and two 
letters of recommendation to Dr 
Michael J Getz, Department of Cell 
Biology, 50! Guggenheim, Mayo 
Clinic, Rochester, MN 55905. An 
equal opportunity/affirmative 
action instituion. (NW481)A 





ST GEORGE’S HOSPITAL 
MEDICAL SCHOOL 
(University of London) 


RESEARCH ASSISTANT 
(MOLECULAR BIOLOGY) 


required to join a group working on 
the cloning and analysis of small 
RNA’s isolated from human tissues 
and their relocation to disease states. 
The post is tenable until September 
30th 1985 with possibility of renewal. 
Emoluments up to £7,931 pa in- 
clusive of London allowance. 
Applications giving the names of two 
referees to Professor J Hermon- 
Taylor, St George’s Hospital Medical 
School, Cranmer Terrace, London, 
SWi7 ORE, (Tel: 01-672 1255 ext 
4716), from whom further par- 
ticulars may be obtained. (1762)A 


| UNIVERSITY OF ABERDEEN 


DEPARTMENT OF THERAPEUTICS © 
AND CLINICAL PHARMACOLOGY © 
AND DEPARTMENT OF E 
PHARMACOLOGY 


‘NEW BLOOD’ 
LECTURESHIP I 
MOLECULAR 
TOXICOLOGY/CLINICAL 
PHARMACOLOGY 


Applications are invited for a ‘New 
Blood’ lectureship, tenable jointly in 
the above Departments, but based 
within the Medical School. 
Candidates should have an interest in 
toxicology and drug metabolism, 
with some experience in the 
molecular biological aspects of these 
subjects. The successful candidate 
will be expected to participate in and 
extend an established research 
programme on the elucidation of 
mechanisms involved in drug action, 
interaction and adverse reactions in 
disease states. 


Candidates should be not more 
than 35 years old. Salary will be on 
the Lecturer’s scale £7,190 — £14,125 
per annum according to age, 
qualifications and experience (scale 
under review). See 


Further particulars = Ame 
application forms from The 
Secretary, The University, Aberdeen, 
with whom applications (2. copies) 
should be lodged by 11 May 1984. 

(1799A 











RESEARCH Scientist (PhD) — 
Calgene, Inc has an opening for a 
research scientist to join a group led 
by Dr Robert Goodman (Vice Pre- 
sident, R & D} working on the 
molecular biology of plant viruses. 
Ideal for a recent PhD graduate in 
molecular biology who wishes to 
move into or continue work in plant: 
molecular biology. Offers pos- 
sibilities for advancement in a leading, 
plant biotechnology company. 
Further information from and 
applications (including .regamc, 
names of three referees) to Dr Robert 
Goodman, Position 751, Calgene, 
Inc., 1920 Fifth St Davis, CA 95616. 
(NW474)A. 





UNIVERSITY 
OF BRISTOL 


DEPARTMENT OF 
BOTANY 


RESEARCH ASSISTANT | 


To work on cycling of phosphoru/ 
from roots of grassland plants, wit) 
emphasis on the role of myco: 

i 


A NERC-funded post, av r 
for three years starting autumn 198 
or early 1985, Starting salary £6,31. 
pa. Opportunity to work for a Ph 

Applicants should have, or expee 
to obtain this summer, a g 
honours degree in a relevant subj 


















The University, Bristol BS8 Il 
Closing date May 31, 1984. 
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© QUEEN'S UNIVERSITY 
-DEPARTMENT OF PHYSIOLOGY 


_ NEUROENDOCRINOLOGIST 


Mist Ist, 1984 fe 
ndocrinologi 


~ A yacancy will exist commencing. 


an established 





The applicant 


r -should have the PhD and/ or the MD: 


. degree, several years teaching 
experience and a proven research 
—.¥ecord. The applicant will be 
_ expected to lead an active high quality 
=: research programme and to par- 
ticipate in undergraduate and 
.- graduate teaching. The facilities for 
_Tesearch are outstanding and the 
- appointment is a regular one under 
“tenure regulations. In accordance 
with Canadian immigration require- 
= ments priority will be given to 
-Canadian citizens and permanent 
residents. 


Applicants should submit a 
curriculum vitae, a brief statement of 
their research interests and 
objectives, selected reprints, and the 
_ names of three referees from whom a 
confidential assessment of research 
“and. teaching abilities may be 
obtained to: Dr V C Abrahams, 
Department of Physiology, Queen’s 
seniversity, Kingston, Ontario, 
Canada K7L IN6, (NW466)A 


NTERNA ANAN AEI inete site munis MP HRI hdres eather 


THE UNIVERSITY 
OF BRITISH COLUMBIA 


DEPARTMENT OF 
BIOCHEMISTRY 


POSTDOCTORAL POSITION 


‘Applications are invited for a 
postdoctoral position for 2-3 years. 
‘Studies on (1) the identification of 
retinal neurons in vivo and in tissue 
culture and (2) structure and function 
of retinal photoreceptor membrane 
proteins using monoclonal anti- 
bodies in conjunction with bio- 
chemical, immunological and micro- 
scopic techniques. 


Salary range $18,000 to $21,000 
per annum. Send curriculum vitae 
angie names of three references to: 
Dr Robert S Molday, Department of 
Biochemistry, University of British 








Columbia, Vancouver, BC, Canada 


V6S1W5 (NW486)A 


POSTDOCTORAL 
SCIENTIST 


NEUROBIOLOGY 


Jne or two openings will become 
tvailable this Spring (1984) for a well 
rained PhD or MD with a back- 
wound in Neurosciences. Areas of 
nvestigation include interactions 
xetween nerve and skeletal muscle 
.cetylcholine receptor tunorver, 
tesyemuscle junction formation, 





¢ on of cellular metabolic 
operties. Techniques used include: 
‘europhysiology, neuropharmaco- 
ogy, cell culture, receptor 
netabolism, neuroimmunology. 


Please reply to Dr Daniel B 
Xachman, Department of Neuro- 
gy, Johns Hopkins University, 
treet, 5-119 Meyer Building, 
laltimore, Maryland 21205. 

ees (NW457)A 








chool of Medicine, 600 N. Wolfe _ 


UNIVERSITY OF WARWICK 
LECTURESHIP IN THE 
THEORY OF SMALL 
SEMICONDUCTOR 
STRUCTURES 
Applications are invited for the 
above post in the Department of 
Physics, funded under the UGC’s 
information technology initiative, 
tenable from Ist October, 1984. The 
successful candidate will be expected 
to engage in research on the theory of 
the electronic behaviour of small 


semi-conductor structures and com- 


puter modelling of small semi- 
conductor devices. Work currently in 
progress includes quantised electron 
transport in sub-micron silicon and 
gallium arsenide devices, MOSFET 
inversion layers and quantum wells. 
Interaction with research groups in 
industry is encouraged. 


Applications are welcome from 
people working in any relevant area. 
Salary on the Lecturer scale £7, 190 — 
£14,125 pa, according to age and 
experience. 


Further particulars and 
application. forms from the 
Registrar, University of Warwick, 
Coventry CV4 7AL quoting Ref No: 
IT/1/84/0. 


Closing date for receipt of 
applications is 18th May, 1984. 
(1773A 


nanaoaaanaaaannaiaaaaannoanaenanaanaana ANA EEN 


UNITED MEDICAL & 
DENTAL SCHOOLS OF 
GUY’S & ST THOMAS’S 

HOSPITALS 


LECTURER IN 
PHYSIOLOGY 
AT ST THOMAS’S CAMPUS 


A vacancy exists in the Sherrington 
School of Physiology for a Lecturer. 
Salary scale £7,190 — £14,125 pa plus 
London Allowance, tenable from 
October 1984. 


Applications with full details to 
Professor A Taylor, Dept of Physio- 
logy, St Thomas’s Hospital Medical 
School, London SEI 7EH from 
whom further details may be 
obtained. (1804)A 


THE UNIVERSITY 
OF MANCHESTER 


LECTURER IN GEOLOGY 
(Applied Geochemistry — 
Hydrothermal Fluid Chemistry) 
Applications are invited for the 
above post from Geologists/ 
Geochemists with a strong Chemistry 
background and with research 
interests in hydrothermal geochemi- 
cal studies. Experience in hydro- 
thermal experimental work would be 

an advantage. 


Applications from Chemistry 
graduates with active interests in the 
Earth Sciences are also encouraged. 


Salary range pa: £7,190 ~~ alee? | . Applications should be sent to Dr A 


| A. Szalay, Boyce Thompson Institute 
‘for: Plant. Research, Cornell 
University, Tower Road, Ithaca, 


(Superannuation). 


Particulars and applications 
(returnable by May 18th) from the 


Registrar, The University, 
Manchester M13 9PL. Quote ref 
75/84/N, 


(1746)A 


Applications are invited for the foliowin 
have been established under the nation 
appointment of younger members of t he ac 
blood” scheme). Applicants should normally be unde 
years. Each post is tenable from October 1st, 1984 or a later 


per annum. 


be arranged. The salaries will be within the range £7,190 — £14,125 




















CHEMISTRY: Organic Chemistry (ref. 71/ 84). Preference wil | 
be given to candidates with research interests in synthetic f 


chemistry. 


CHEMISTRY: Theoretical Chemistry (ref. 72/ 84). Preference 


will be given to candidates with res 
of statistical mechanics, with 
dynamics and molecular modelli 


ELECTRICAL ENGINEERING: 
tref. 73/ 84). Candidates will be p 
digital communications, particu 


ENGINEERING: Nuclear En 
appointmentis to be made to stre 


earch interests inthe generalarea 
particular interests in molecular | 
ng, using computer graphics. 


Communications Engineering T 
preferred with research interestsin = 
larly communication networks. 


gineering (ref. 74/84). The 
ngthen and broaden the scope ofa 


research group working on thermal and hydrodynamic aspects of 
nuclear reactor performance and safety. : 


GEOLOGY: Applied Geochemistry — hydrothermal fiuid 


chemistry (ref. 75/ 84), 


MATHEMATICS: Mathematical Logic (ref. 76/ 84). Preference 
being given to candidates interested in the model theory of algebra 


and arithmetic, 


MATHEMATICS: Numerical Analysis (ref. 77/84). With 
preference for candidates interested in scientific and engineering 
applications. The interests of the group include evolutionary 
problems, differential and integral equations, and algorithmic 


aspects, 


PHARMACY: Clinical Pharmacokinetics (ref. 78/ 84). 


PHYSICS, Condensed Matter Physics (ref. 79/ 84). Preference 


will be given to candidates with ex 


perimental or theoretical interests 


in the general area of order-disorder phenomena such as random 
magnetic systems, superfluid helium routes to chaos and liquid 


crystals. 


PHYSICS: Experimental Nuclear Physics (ref. 80/84). 
Candidates should have demonstrated their potential for nuclear 
research and should preferably have experience of research using 


heavy ion accelerators. 


PHYCHOLOGY: Cognitive Science (ref. 81/84). The 
department has a special interest in the dynamics of cognitive 
systems, and wishes to develop research on the interfaces between 
Al and developmental cognitive and social psychology. 


Particulars and application forms (returnable by May 4, 1984) from | 
the Registrar, The University, Manchester M13 SPL. Please. 


quote the appropriate reference. 





POSTDOCTORAL or Research 
Associate position(s) in plant | 
molecular genetics. Applicants with 


background in molecular biology/ 
biochemistry and experience with 
recombinant DNA techniques and 
protein biosynthesis preferred. 


-New York, USA 14853, an Equal 
Opportunity/Affirmative Action. 
Employer. 


(NW463)A 





uaa | 


UNIVERSITY OF IOWA 

DEPARTMENT OF ZOOLOGY 
POSTDOCTORAL `> 
RESEARCH ASSOCIATE. 

position available immediately 









studies on cell-substrate inter 
during migration of myoblasts 
urchin primary mesenchyme cel 

Write to Dr Michael Solursh, Di 
of Zoology, Univ of lowa, low 
IA 52242, The Univ of Io 
Equal Opportunity/ 
Action Employer, ` (Nì \ 
































plant cDNA. 








POSTDOCTORAL positions 
available immediately to study 
3.dimensional architecture of chro- 
mosomes using optical and electron 
microscopy and computerized, 
3.dimensional reconstruction 
schemes. The candidate should have 
strong background. in structural 
electron microscopy, computer 
science/graphics. and/or macro- 
molecular crystallographic 
experience. Send résumé with names 
of three references to: Drs David 
A Agard or John W Sedat, Depart- 
ment of Biochemistry & Biophysics, 
University of California, San 
Francisco, California, 94143, USA. 
(NW479)A 


























> hybridoma 


given full consideration. 


‘New Blood Appointment’ 


Eukaryote Molecular Genetics (Post Ref. 8) 


Applications are invited for a newly established ‘New Blood’ 
lectureship in Genetics tenable from 1st October, 1984. We are 
seeking to appoint a research scientist (normally under 35) active in 
the field of eukaryote molecular genetics with experience in 
eukaryote gene cloning who wishes to undertake a research 
programme involving the use of recombinant DNA techniques. 
Facilities are well established in the department for prokaryote gene 
cloning, the molecular genetics of fungi and the cloning of higher 


Salary will be on the scale for Lecturers £7,190 — £14,125 p.a. 
according to age, qualifications and experience. 


Further particulars quoting the post reference, may be 
obtained from the Senior Assistant Registrar (F.P.), The 
University, 6 Kensington Terrace, Newcastle Upon Tyne NE1 
7RU. Applications (3 copies) giving the names and addresses 
ella referees should be received no later than 11th May, 
1984. 


University of Bristol 


“NEW BLOOD” LECTURESHIPS 


Applications are invited for the following LECTURESHIPS tenable 
from 1st October, 1984, which have been established under the “New 
Blood” Scheme to encourage the appointment of younger members of 
the academic staff. Applicants should normally be under the age of 35 
years. Although the posts will carry teaching duties, their primary role in 
the early years will be to contribute substantially to research. 


DEPARTMENT OF OBSTETRICS AND 
GYNAECOLOGY (ref. TLJ) 
>of Alectureship is available in Human Reproductive Immunology. 

|) The-successful candidate will join an active research group in the use of 
hybridoma technology to define immune mechanisms in reproduction, 
$ and in particular will be responsible for the development of the human 
‘technique to analyse humoral immune responses during 
he fecturer should have a proven 
`$ ability to initiate good research and may or may not be medically 
4 qualified. Experience in hybridoma research would be advantageous. 
| DEPARTMENT OF PHYSICS (ref. JC3) 
asd. Macromolecular Physics (Polymer Science) 
| DEPARTMENT OF ZOOLOGY (ref. JC4) 

4 Appointment will be made within the general field of Neurobiology. 


| Experience in cellutar or developmental aspects of neurobiology would 
be particularly welcome but candidates with other interests will be 


E normal and abnormal pregnancy. T 


The salary will be on the scale £7, 190 — £14,125 per annum. 
Further particulars should be ob : 
Secretary. University of Bristol, Senate House, Bristol BS8 1TH, 
to whom applications should be sent by 11th May. Please quote 
the appropriate reference number. (1743); 
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DEPARTMENT OF GENETICS 
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IMMUNOLOGIST Position avail- 
able for experienced Immunologist to 
develop and lead a section in 
reproductive immunology in the 
Department of Obstetrics, 
Gynecology and Reproductive 
Science in a major eastern medical 
school. Major space, hard funding, 
programmatic support commitment. 
A candidate with interests in 
reproductive immunology in humans 
is favored. Send cv in confidence to: 
Box NW471. C/o Nature, 15 East 
6th Street, New York, New York 
10010. An Equal Opportunity 
Employer. 


(NW47 DA 





tained from the Registrar and 








DEPARTMEN : OLOGY 
LECTURER IN 
NEUROCHEMISTRY 
Applications are invited for this post, 
which has 
October Ist, 1984 under the national 
scheme to encourage the 
appointment of younger members of 
the academic staff (the ‘‘new blood” 
scheme). Applicants should normally 
be under the age of 35 years with a 
higher degree in a biomedical science 
or a medical qualification registrable 
in the UK. The salary range pa is 
£7,190 — £14,125. Superannuation. 
The department is located in 4 
modern medical schoo! together with 
other biomedical departments and 

has excellent research facilities. 


It has teaching commitments in the 
Faculties of Medicine and Science. 
Particulars and application forms 
(returnable by May 14th) from the 
Registrar, The University, 
Manchester M13 9PL. Quote ref 
89/84/N. Potential applicants may 
contact the Head of the department, 
Professor Maynard Case (Tel: 
061-273 8241 ext 75). 

(172D)A 
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UNIVERSITY 
OF LIVERPOOL 


DEPARTMENT OF 
PATHOLOGY 


Applications are invited from recent 
graduates in life sciences for the post 
of 
RESEARCH ASSISTANT 

in the Department of Pathology. The 
post is tenable for one year from 
August 1984 to work on the 
pathology of the carotid body and 
applicants should have an interest in, 
and some experience of, the histology 
of animal tisue. 


The salary will be £6,310 per 
annum. 


Applications, together with the 
names of three referees, should be 
received not later than 10 May, 1984 
by the Registrar, The University, PO 
Box 147, Liverpool L69 3BX, from 
whom further particulars may be 
obtained. Quote ref RV/287 

(1786)A 
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UNIVERSITY 
OF LONDON 
INSTITUTE OF NEUROLOGY 
POSTDOCTORAL 
RESEARCH ASSOCIATE IN 
TISSUE CULTURE 
Required in Department of Neuro- 


chemistry to work on neuronotrophic 
and endogenous toxic factors with Dr 


David M Bowen. 


Initial appointment will be for 3 to 
5 years with the possibility of re- 
appointment for further periods of § 
years. The successful applicant 
although working on his or her own 
project, will be part of a larger group 
working on Alzheimer’s disease. 

There is no application form. 
Applications including a cv and the 
names of 2 referees should be sent to 






been established from — 


-UGC’s ‘New Blood’ Scheme and 


| biology techniques to 


| WCIE6BT. 


| countries is desirable. 












DEPARTMENT OF 
BIOCHEMISTRY 


LECTURER 


Applications are invited - 
above post allocated unde 


available from 1 October 1984. W 
the research area is not specific 
defined, applicants should have an — 
interest in the application of cell- 
biochemical - 
problems. The upper age limit for 

appointment is 35 years. | 


Salary on the academic scale for 
Lecturers (£7,190 — £14,125) (under 
review) according to age, 
qualifications and experience. 


Application forms and further 
particulars may be obtained from the 
Registrar, The University, Leeds LS2 
9JT, quoting reference no 83/55/D. 
Closing date for applications 22 May 
1984. (17789)A 


pohan seminar g 


UNIVERSITY COLLEGE 
LONDON h 
DEPARTMENT OF GEOLOG y E 


pir 





“NEW BLOOD” 
LECTURESHIP 


Applications are invited from active 
researchers who will develop their 
own field of speciality in palynology 
and palynofacies, and who will also 
complement current research in the 
department. Successful candidate 
will be required to participate in the 
MSc. Micropalaeontology teaching 
programme and to supervise research 
students in the Micropalaeontology 
Unit and will also be expected to 
contribute to the departmental 
undergaduate teaching programme. 
The closing date for applications is 22 
May and it is intended to complete 
interviews by end June. Applications 
should be sent to: Professor M C 
Audley Charles, Department ©: 
Geology, University Collegi 
London, Gower Street, D@ndor 
(L7SQA 






wits 


aranea 





STAFF OFFICER 


The National Academy of Sciences 
has an immediate opportunity to 
organize and manage a conference 
of Pan American officials on food 
quality control and food safety. The 
incumbent will assist a committee in 
planning all phases of the 
conference, preparation 01 
background documents, anc 
conference proceedings. Applica’ 
| should have a PhD or equivalent. ir 
| the food and nutrition scien 






‘jrelated discipline, plus at a 


years of experience in one of thes 
fields. Experience in organizing 
international conferences ant 
| familiarity with Latin Americar 


The Secretary, Institute of |i i 


Neurology, The National Hospital, 
Queen Square, WCIN 3BG, so as to 
reach him by 31 May 1984, U77DA 
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DEPARTMENT OF __ 
ORAL BIOLOGY. 









= @bgve “New Blood” post avail 
October 1984, 


Qualifications and special interests 
-<in Biochemistry of the oral tissues an 
=- advantage. 


<The upper 
ppointment is 35. 
<:>. Salary on the academic scale for 
< Lecturers (£7,190 — £14,125) (under 
¿s review) according to age, qualifi- 
_ cations and experience. 


< Informal enquiries may be made to 
- Dr-C Robinson or Professor J] A 
_ Weatherell (tel Leeds 440111 ext 295 


_. Application forms and further 
< particulars may be obtained from the 
- Registrar, The University, Leeds LS2 
9JT, quoting reference no 87/34. 
_ Closing date for applications 29 May 
1984, (784)A 















ee eee ee 
A SCRIPPS CLINIC AND 
“ RESEARCH FOUNDATION 


TWO POSTDOCTORAL 
RESEARCH POSITIONS 


are available for 2 years starting J uly 
1, 1984 in an established Hepatitis B 
-virus research laboratory. A mole- 
cular biologist position requiring 
PhD or MD and experience in basic 
recombinant DNA techniques, DNA 
mediated gene transfer, and cell 
culture will investigate the state and 
expression of the Hepatitis B viral 
genome in human and anima! 
systems. An immunologist position 
requiring PhD and experience in T 
cell cloning techniques will investi- 
gate cellular aspects of the immune 
response to HBV antigens. 


Please submit cv, references and a 









North Torrey Pines Road, La Jolla, 


CA 92037. (NW482)A 
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THE ANIMAL VIRUS 
RESEARCH INSTITUTE 


RESEARCH ASSISTANT 


Applications are invited for the post 
of Research Assistant at the Animal 
Virus Research Institute to work on 
he immunology of equine herpes- 
virus. The Assistantship (supported 
3y the Horserace Betting Levy 
3oard) is tenable for 3 years and the 
‘uccessful applicant will be expected 
© register for a higher degree. 


eplicants should have, or expect 
j Obtain, a good honours degree in 
mmunology, microbiology or 
‘eterinary science and be able to start 
vork on or after Ist June, 1984. 


Application forms and further par- 
iculars may be obtained from the 
ecretary, Animal Virus Research 
astitute, Pirbright, Woking, Surrey 
124 ONF. Tel:.(0483) 232441. 


Closing date for completed 
pplications is 4 May 1984.(1782)A 









age limit for] 


QUEEN ELIZABETH 
HOSPITAL FOR CHILDREN 
Hackney Road, London E2 8PS 


RESEARCH ASSISTANT IN 
ELECTRON MICROSCOPY 


required to develop the technique of 
immuno-electron microscopy and to 
assess its role in rapid viral diagnosis, 
particularly in acute gastroenteritis. 


The post will also involve ultra- 


structural studies on small intestinal | 
and liver biopsies, and will provide | - 
broad-based practical experience in | 


transmissions, scanning, and 
negative staining electron micro- 
scopy. 


The appointment will be for two 


years. Minimum qualification — two , 


A Levels, some experience in electron 
microscopy -is desirable. Salary: 
£4,674 + £1,042 London Weighting 
Allowance (aged 21 and over). 


Application forms and further 
information available from Mr A D 
Phillips, Electron Microscopist, at 
above address. (1744) A 


NERA RAIL aa 


UNIVERSITY 
OF BRISTOL 
DEPARTMENT OF 
PHYSICS 


Applications are invited for the post 
of a University funded 


RESEARCH ASSOCIATE in 
ELECTRON MICROSCOPY 


tenable from Ist August 1984, salary 
on the scale £7,190 — £11,615 pa. 


Applicants should have a sound | 


background in some aspect of elec- 
tron microscopy and should be pre- 
pared to assist in the development of 
techniques and to support a wide 
variety of users, including non- 
specialists. 


Further particulars should be 
obtained from the Registrar and 
Secretary, University of Bristol, 
Senate House, Bristol BS8 ITH, to 
whom applications should be sent by 
18th May 1984. (Please quote 
reference JC), (1769A 


SAART mannaaa a 


UNIVERSITY 
OF NOTTINGHAM 
FACULTY OF 
AGRICULTURAL SCIENCE 


Applications are invited for the 


position of Research Assistant/ | 


Fellow, to join a group studying the 
control of muscle protein deposition 
in ruminants. The main experimental 
approach will involve the use of 
cultured muscle cells and conse- 
quently experience in animal cell 
tissue culture would be advanta- 
geous. Funds are being provided by 
the Agricultural and Food Research 
Council, initially for a period of one 
year, with the 
extension. 
Applications, 
academic referees, should be 
addressed to Dr P J Buttery, 
Department of Applied Biochemistry 
and Food Science, University of 


Nottingham School of Agriculture, | j¢ations 
borough, Leics LE12 5RD, to arrive | 


as soon as possible. Informal 


enquiries on Kegworth (05097) 2386 _ 


would be most welcome. (1722) 





possibility of : 


Naming two | 










THE UNIVERSITY OF CAR 
__ THE BIOTECHNOLO 
The Biotechnology Centre at Cam 
to foster closer links with indu 
technology transfer and to train hi 


both the physical and biological scie 
Centre is engaged in a vigorous and: 
fundamental and applied resear 

downstream processing, biosens 


OTS 
immobilised biocatalysts. In support of this str 
expects shortly to be in a position to make 
appointments to develop new downstream pr wg 
technologies for the purification of the blood coagulation factor $ 
VIH to therapeutic quality. brem 


Postdoctoral Research 
Associate 


Graduate Research 
Assistant 


The projects entail the development of simplified assay systems $ 
for factor Vlil and the synthesis of novel affinity ligands and their 7 
exploitation in solid and liquid phase affinity process a 
technologies for the large scale purification of human factor $ 
VIII. The posts are part of a 5 year programme of joint research 
with the Blood Products Laboratory, Elstree. Applicants should f 
ideally have some experience in blood or protein fractionation $ _ 
ae some training in clotting factor assays willbe available fE 
at BPL. | 
Initial salaries will be £7,190 — £8,530 p.a. for the postdoctoral 
research associate and £5,880 p.a. for the graduate research 
assistant with annual increments according to National Scales 
1A and 1B respectively. 

Potential applicants should send a curriculum vitae 
detailing relevant experience and the names and 
addresses of two referees to Dr C R Lowe, The 
Biotechnology Centre, Downing Street, Cambridge CB2 
SEF, UK by 11 May 1984. (1801)A 


LT an 
MEDICAL RESEARCH 
COUNCIL 






UNIVERSITY 




















OF OXFORD National Institute for 
UNIVERSITY Medical Research 
LECTURESHIP IN Laboratory for Leprosy 
PHYSIOLOGY and Mycobacterial 

(Computational Research 






There isa vacancy for a molecular 
biologist to work in the 
Laboratory for Leprosy and |. 
Mycobacterial Research: The dey 
appointment is for three years to | 






approaches to visual 















DNA. The successful applicant f=- 
will be expected to work in coll- | 

aboration with cellular immuno- 
logists and microbiologists within 


the Laboratory, and with 






The appointment may be held in 
conjunction with a fellowship at 
St. Catherine’s College. 
Further 






| binant DNA technology would be { 2 
essential. -E 


























work on the isolation, cloningand |- 
expression of mycobacterial | °. 









molecular biologists within: the | = 
Institute. A backgroundin recom: | -< 
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it is hoped shortly to make an appointment at University Lecturer or 
University Demonstrator level in the field of millimetre wave 
astronomy and applications for this ‘New Blood’ post are invited. 
The Department operates the radio telescopes at the Mullard Radio 
Astronomy Observatory andis closely associated with the UK- 
Netherlands Millimetre-Wave Telescope, now under construction 
in Hawaii, This will be the largest instrument in the world capable of 
operating efficiently at wavelengths of less than one millimetre and 
will provide outstanding opportunities for new astronomical 
research, The Department plans to strengthen its involvement 
through the development of advanced receivers for these short 
wavelengths. Applicants, who should be under 35 years of age, 
should have considerable experience in observational or technical 
aspects of radio astronomy and skills in the area of millimetre-wave 
devices would be a particular advantage. The successful applicant 
will be expected to undertake undergraduate teaching duties. 


Salary on the scale £9,875 to £15,085 p.a. (University Lecturer) or 
£7,630 to. £9,425 p.a. (University Demonstrator). 


Further information concerning the duties and conditions of 
appointment may be obtained from the Secretary of the 
. Appointments Committee for the Faculty of Physics and 
Chemistry, Institute of Astronomy, Madingley Road. 
- Cambridge CB3 OHA, to whom applications (ten copies — 
overseas candidates need send only one copy), including a 
curriculum vitae and the names of not more than three 
referees, should be sent so as to reach him not later than.4 
May 1984. (1754) A 








































IMMUNOGENETICIST 
AFRC Animal Breeding Research Organisation 


An immunologist/immunogeneticist is required to join a group studying 
genetics variation in the immune system in cattle in the framework of the 
identification of genes that can be used to predict resistance and the 
manipulation of genetic variation in response to vaccination. 
The role of the class II MHC region in the genetic control of humoral 
immune responsiveness and of class | genes in the genetic control of T cell 
cytotoxicity. both of infected and uninfected cells are the main areas of 
interest and the person appointed will make a significant input to at least 
‘one of these and should preferably have experience in membrane 
biochemistry or cellular immunobiology. The group collaborates 
apc with workers within the University as well as in Norway and 
"Kenya, 
Qualifications: First or upper second class honours degree in a biological 
subject with at least 2 years relevant postgraduate research experience in 
immunology for appointment at Higher Scientific Officer and 4 years for 
Senior Scientific Officer. Salary according to qualifications and experience 
on the scales £7,149 to £9,561 (HSO) and £8,970 to £11,476 ($SO}. 
Appieatent giving the names and addresses of 3 referees should be sent 
to The Secretary, Animal Breeding Research Organisation, West Mains 
Road, Edinburgh EH9 3JQ. 


| The Agricultural and Food Research Council is an Equal Opportunities 
Employer. (1756)A 






















CIAT — International Center for Tropical 
a Agriculture 

|. Tropical Pastures Program 

{| Applications are invited for a senior staff position in Pasture 


` ` Ecophysiology to conduct studies, as part of an interdisciplinary team, 
on the response of legume-grass associations and pure stands under 






| -grazing to critical environmental and management factors in selected 

<| locations; and conduct complementary research to assess the effect of 

_ individual traits and interactions to explain observed field performance, 

_ | ~ and to assess the potential of species in mixtures for different ecological 
| environments. Applicants should have a PhD degree or equivalent with 
| specialization in pasture ecology and plant physiology, and con- 
rience in pasture evaluation under grazing. Proficiency in 

red, Salary and perquisites commensurate with 

ind experience of candidate. —— : 












a and the names of three referees should be 
sent to: Direc 


Resources Research and International 

















Cooperation, | “Apartado Aéreo 67-13, Cali, Colombia, > 
within three weeks of appearance of this advertisement or May — 


(W982 1)A 





| 1Satthelatest. 
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DEPARTMENT OF 
‘GENETICS 


“NEW BLOOD” 
LECTURESHIP 


Molecular Genetics of 
Higher Plants 


Applications are invited for the 
above post, available from 1 October 
1984. A strong research interest is 
required in any fundamental mole- 
cular aspect of genes or gene 
expression in higher plants. Excellent 
opportunities exist in the department 
for collaboration with several strong 
Research Council supported groups 
studying important metabolic and 
developmental genes in micro- 
organisms and lower plants using a 
wide range of molecular and genetic 
methods. Collaboration will also be 
encouraged with relevant British 
Agricultural Research Institutes and 
overseas laboratories. 


Salary on the academic salary scale 
for Lecturers (£7,190 — £14,125) 
(under review) according to age, 
qualifications and experience. 


The upper age limit for applicants 
is 35. 


Informal enquiries may be made to 
Professor D J Cove or Dr J C 
Wootton (tel Leeds 431751 ext 559 or 
ext 7155). 


Application forms and further par- 
ticulars may be obtained from the 
Registrar, The University, Leeds LS2 
9JT, quoting reference number 
50/11. Closing date for applications 
22 May 1984. (178A 





UNIVERSITY 
OF CAMBRIDGE 


COMPUTER SPEECH AND 
LANGUAGE PROCESSING 


2 UNIVERSITY 
LECTURESHIPS 


Applications are invited for two 
lectureships associated with a new 
M.Phil Course, one in the 
Department of Engineering for 
Speech Processing and one in the 
Computer Laboratory for Language 
Processing. These lectureships have 
been created under the UGC 
Information Technology Scheme. 


Applicants should have a PhD or 
equivalent research experience. The 
pensionable scale of stipends for 


persons not ordinarily resident in | 


college, is £9,875 rising by eleven 
annual increments to £15,085. The 
initial appointment is for three years 
with possible reappointment to the 
retiring age. 

Further information and applica- 
tion forms may be obtained from the 
Secretary of the Appointments Com- 


mittee respectively for the Depart- 


ment of Engineering, University of 


Cambridge, Cambridge CB2 1PZ 
| and for the Computer Laboratory, 
| University of Cambridge, Cambridge | 


CB2 3QC, to whom application 
forms should be returned by 4 May 
© (AT26)A 


| ‘NEW BLOOD’ 


| 11984. (Please aoe BAI D i 



















LECTURESHIPS 


Applications are invited for the 
following three vacancies. of, f. 
Lecturer. Applicants should 
preferably be not more than 35. -f 
Lecturer in Physics: The 
successful applicant will be ~ : 
required to conduct experimental ` 
research on Lasers and to 

maintain an active interest in 
electrodynamics and atomic 
physics. , 
Lecturer in Physical Chemistry: 
Whilst there is no specific area of 
interest, an interest in one of the 
main lines of Physical Chemistry ~ 
research within the Department 
would be an advantage, e.g. Gas 
Kinetics; Spectroscopy; a 
Separation Techniques; Catalysis- 
on Clays. 
Lecturer in Computational 
Mechanics in the Institute for 
Numerical Methods is the 
Department of Civil Engineerin 
The successful applicant will B 
either a mathematically-biased” 
engineer or a mathematician with 
a strong interest in engineering = 
mechanics and will be required to` 
work as a member of a team 
developing new finite element 
based computational methods for 
the efficient solution of non-linear 
and transient field problems in 
engineering mechanics. Previous 
research experience in fluid 
mechanics would be an 
advantage. 


The appointments, which wili date 
from October 1, 1984, will be 
made at the appropriate point 
within the Lecturer’s scale £7,190 
— £14,125 per annum together 
with USS/USDPS benefits. 


Further particulars and 
application forms (2 copies) 
may be obtained from the. _ 
Personnel Office, University 
College of Swansea, Singke 
Park, Swansea, SA2 BPP, to 
which office they should be 
returned by Monday, May 14, 
1984. AT788)A 
























The Queen's University of - 
Belfast 
LECTURESHIP IN 
MOLECULAR GENETICS 
Applications are invited from per 
sons under the age of 35 years fora 
new lectureship in Botany/ Bio- 
chemistry tenable from 1 October 
1984. The lecturer will be expected 
to carry out research in the general 


area of molecular genetics and 
have a PhD and preferably Paet 
cea DNA 
techniques. 
sion rights under FSSU or USS, im 
on scale depending or 

Further particulars. may be ob- 



























gene expression of pan especial- 
y algae and fungi. Candidates musi 
perienced in recombinant 
Salary scale is £7,191 — £14,127 
per annum with contributory pen: 
itial placing on scale de | 
age, qualifications and experience. 


ficer, The Queen's Univers 
Belfast, BT? INN, Nort 


ireland. Closing date: 31. 


oD 
tained from the Pe sonnel Of 
0! 
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i THE EUROPEAN SPACE AGENCY 


A | The European Space Agency has a number of vacancies in Scientific and Technical positions as 
follows: 


| ASTROPHYSICS DIVISION, SPACE SCIENCE DEPARTMENT ; 
| at ESTEC, Noordwijk, the Netherlands 


| 1. Staff scientist (Ph. D or equivalent) to work in gamma-ray astronomy on the analysis of data 
| on earlier satellites and on the development of the COMPTEL instrument for the Gamma-Ray 
Observatory. 


2. Staff scientist (Pn. por equivalent) to work in millimetre and submillimetre wave astronomy 
on the development of instrumentation for potential future space missions and to support 
studies on such missions. 


3. Research Fellows (4) (Ph. D or equivalent) to work in optical, X-ray and gamma-ray 

astronomy, with the undertaking of observing programmes and analysis of data from ground- 
based facilities and EXOSAT and to Support the development of instrumentation for future space 
applications. 


` 4. Senior Electronics Technician to work on the development of instrumentation and 
associated electronics for approved and future space missions in astronomy. 














SPACE TELESCOPE SCIENCE INSTITUTE, 
À | Homewood Campus, John Hopkins University, Baltimore, Maryland, USA 


_ 5S. Astronomers (Ph. D or equivalent), Systems Analysts and Software Specialists (Graduate 
| level) to support the preparation for and operations of the Space Telescope and to undertake 
research programmes. 


























SPACE TELESCOPE, EUROPEAN COORDINATION FACILITY, | 
at ESO, Garching bei München, West Germany 


6. Instrument Scientists (Ph. D or equivalent) and Software Specialists (Graduate level) to 
support the preparations for and operate the European facility for the archival, retrieval and | 
dissemination of ST scientific data and information to European ST observers and to undertake 
research programmes. 


EXOSAT OBSERVATORY, 
at ESOC, Darmstadt, West Germany 


_ 7. Research Fellows (Ph. D or equivalent) to work as resident astronomers in support of 

| EXOSAT scientific operations and analysis and to undertake research activities in X-ray astro- 
| nomy. 

| 

| 





8. Observatory Controllers (graduate level) to support EXOSAT scientific operations. 
IUE OBSERVATORY, 
at Villafranca, Madrid, Spain 


9. Research Fellows (Ph. Dor equivalent) to work as resident astronomers in support of IU 
scientific operations and analysis and to undertake research activities in ultraviolet astronomy. 


The appointments range from short-term (2-3 years) to longer term (4 or more years) but no positions 
are tenured except the Senior Electronics Technician. 


| | An excellent knowledge of English or French is required with a working knowledge of the other 
language. 


Applications should be directed to the Head of Personnel, ESTEC, Postbus 299, 2200 AG Noordwi 


the Netherlands, including detailed curriculum vitae and stating for which post(s) they wish to = 
| considered. For enquiries phone 1719-83308. 
w Ooo AR E zi To E a 
Please mention 
nature when replying to these advertisements 













































THE SALK 


- steroid action. 


research program. 













ULATORY 
BIOLOGY 


INSTITUTE 
applications for a faculty position at the 
Assistant Professor level in the area of 
regulation of gene expression in animal 

cells. Chromatin structure and gene 

commitment, including steroid hormone 
action and developmental aspects of 


| REGUL 


Candidates should have post-doctoral 
research training and expertise in recom- 
binant DNA technology and should be 
prepared to initiate an independent 


Send curriculum vitae, summary of 
previous and proposed research, and 
names of three referees to: 


Search Committee 
Regulatory Biology 
THE SALK INSTITUTE 
P.O. Box 85800 
San Diego, CA 92138 


We are an equal opportunity 
employer m/f/h/v 


invites 
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DEP 4 -OF NOTTINGHA 
BIOLOGICAL SCIENCES | E 
POSTDOCTORLAL a 
RESEARCH FELLOWS TEMPORARY 
Two positions are immediately avail- LECTURESHIP IN 







able. The first is to study cell-and 
molecular-biological aspects of pro- 
duction of gamma interferon by lym- 
phocytes. The position would suit a 
biologist with an active interest in the 
area, but candidates with some back- 
ground in immunology will be pre- 
ferred. The second is to undertake 
biochemical and immunochemical | 
characterization of human lym- 
phokine preparations, in colla- 
boration with the Department of Im- 
munology at St Thomas’ Hospital. 


PHARMACEUTICAL | 
MEDICINAL CHEMISTRY 





























undertake research in these areas. oo) 


The appointment is for three years . 
and preference may be given to appli- — 
cants with relevant experience in — 
medicinal chemistry and whose 
research interests complement those | 
currently active in the department. 
These are summarised in the further - 
particulars. Ton 


Salary in the range £7,190 to 
£14,125 per annum, 1 hee 


Experience in protein biochemistry 
would be a great advantage for this 
position. Both positions are tenable 
for one year, in the first instance, re- 
newable for at least one further year. 
The salaries will be on the Research 
IA scale: £7,190 to £11,615 pa. 


Applicants should send a CV with 
the names and addresses of two 
referees to the Executive Officer, 
Department of Biological Sciences, 
University of Warwick, Coventry 
CV4 7AL, quoting reference 
AGM/NAR. Closing date 3rd May, 
1984, (A734)A 


Further particulars and appl- 
cation forms, returnable not later 
than 18th May 1984 may be obtained 
from the Staff Appointments 
Officer, University of Nottingham. 
University Park, Nottingham NC He 
2RD. Ref No9I7A. (767, Ae. 
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Lecturer Il 
IN PLANT 
SCIENCES 


£7,215 — £11,568 (pay 
award pending) 
normally with further 
advancement to 
£13,443 (SL) 


Applicants should have 
appropriate academic 
qualifications, be able to 
contribute at both 
< | undergraduate and 
1 postgraduate levels and be 
=. able to offer research interests 
ciin one or more of the following 
zot. fields: a 
|. Plant Taxonomy, Plant 
| Ecology, Plant Pathology/ 
| Epidemiology, Crop Biology, 
{ Plant Genetics and Biological 
| Electron Microscopy. 


Further details and 
|}. application form, returnable 

_ by Friday, 18th May 1984, 
are available from the 
- Personnel Officer, 
_ Plymouth Polytechnic, 
: Drake Circus, Plymouth PL4 
BAA. Tel: 0752 264639. 

E = 11798A 
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UNIVERSITY COLLEGE 
LONDON 
DEPARTMENT OF BIOCHEMISTRY 


“NEW BLOOD” 
LECTURESHIP 


Applications are invited for a “New 
Blood” Lecturer in ENZYME 
BIOTECHNOLOGY. Candidates 
should possess postdoctoral ex- 
perience in enzyme chemistry or 
industrial enzymology and interests 
in the development of new enzyme- 
based industrial processes. The 
appointment, following successful 
completion of the initial 
probationary period, will carry 
tenure but is restricted to persons 
under age 35 who do not hold a 
permanent appointment in a UK 
university. Starting date will be | 
October 1984 or by agreement. 
Salary will be in range 
£7,190-£14,125 pa + £1,186 London 
Allowance according to age and 
experience, 


The person appointed will be 
expected to develop a strong research 
programme in enzyme biotechnology 
or industrially-relevant areas of 
enzyme chemistry and to contribute 
to the teaching of undergraduate and 
MSc students. Applications 
including a full cv, the names of two 
academic referees and a brief 
indication of future research 
interests, should be sent to Prof B R 
Rabin, Dept of Biochemistry, Uni- 


| versity College London, Gower 
-| Street, London WCIE 6BT. Closing . 


date for applications 22. May 1984. 


amamni Aaaa 


THE UNIVERSITY 
OF LEEDS 


ASTBURY DEPARTMENT 
OF BIOPHYSICS 


LECTURER 


Applications are invited for the 
above ‘New Blood” post available 
from 1 October 1984. 


Qualifications and special interests 
in Computer graphics and appli- 
cations to the study of biomolecular 
structure, molecular interactions, 
molecular dynamics and macromole- 
cular assembly required. 


Salary on the academic scale for 
Lecturers (£7,190 — £14,125) (under 
review) according to age, qualifi- 
cations and experience. 


The upper age limit for appoint- 
ment is 35. 


Informal enquiries may be made to 
Professor A C T North (tel Leeds 
431751 ext 6130). 


Application forms and further par- 
ticulars may be obtained from the 
Registrar. The University, Leeds L52 
9JT, quoting reference no 42/6D. 
Closing date for applications 22 May 
1984. (1785)A 

























UNIVERSITY OF 
EAST ANGLIA 
Norwich 
LECTURESHIP IN APPLIED | 
MATHEMATICS =e 














et 
should be lodged with the 
Establishment Officer, University 
of East Anglia, Norwich NR47TJ.. 
(Tel: 0603 56161 ext 2126) from) 
whom further particulars may be] 
obtained not later than 27 April] 
1984. No forms of application are 
issued. In naming three referees} 
you are particularly requested to 
give only the names of those who 





can immediately be approached. 
| (1789)A 
























































on applicable experience. 
action/equal opportunity 











Stanford, CA 94305. 


UNIVERSITY 
OF NOTTINGHAM 


DEPARTMENT OF 
PHYSICS 


| Applications are invited for a 
LECTURESHIP 


=- established under the national 
_ Scheme to encourage the appoint- 
_ ment of younger members of the 
_ academic staff (the “New Blood” 
Scheme) and tenable in this 
_ Department. 


_ The Department is establishing a 
| major research group on the physics 
_ of low dimensional structures and it is 
_ Intended that in addition to teaching 
_ duties, the person appointed should 










Research Associate 
or Senior Research Associate 


=. Of appointment and term {typically three years) is flexible depending 
Stanford University is an affirmative 
S employer. 
_ applying should send a CV, a brief Statement of research experience 
= fespecially noting that related to the use of synchrotron radiation) 
-and future research objectives, a list of publications, and the names 
and addresses and phone numbers of three references to Professor 
Keith Hodgson, Stanford Synchrotron Radiation Laboratory, 
Stanford Linear Accelerator Center, Bin 69, Stanford University, 





Candidates interested in 


(NW451)A 


develop phonon imaging techniques 
to examine the angular distribution 
and polarisation of phonons emitted 
from a hot two dimensional electron 
gas (MOSFET, heterostructure etc). 
Experience in working in the liquid 
helium range would be of value 
although not essential. 


Applicants should normally be 
under the age of 35 years and salary 
will be within the range £7,190 to 
£14,125 per annum. 


Further particulars and appli- 
cation forms, returnable not later 
than 21 May 1984, may be obtained 
from the Staff Appointments 
Officer, University of Nottingham, 
University Park, Nottingham NG? 
2RD. Ref No 939, (1768)A 


QUEEN ELIZABETH 
COLLEGE 
-University of London) 
| Kensington 
_ RESEARCH ASSISTANT 
_ SEED PHYSIOLOGY AND 
BIOCHEMISTRY 


_ Applications are invited for the post 
_of Research Assistant supported by 
_the Agricultural and Food Research 
Council to work ona project in which 
_the onset of seed dormancy in wheat 
being studied. The position would 
iit graduates in biological science 
ith an interest in and experience of 
eed biology or development plant 
siology. 


he post is tenable for 16 months 
the starting date is negotiable. 
nthe 1B scale, appropriate to 
d experience, £6,310 pa (mini- 
© m) plus £1,186 pa London Allow- 
ance, 


-< Enquiries should be addressed as 
soon as possible to Professor M 
k, Department of Biology. 
plications including CV and the 
mes of two referees should be sent 
rs J Staight, Assistant College 
iry, Queen Elizabeth College, 

Hill: Road, Kensington, 
















cand 





















UNIVERSITY OF EAST ANGLIA 
Norwich 


TEMPORARY 
LECTURESHIP IN 
MOLECULAR BIOLOGY 


Applications are invited for the 
above lectureship in the School of 
pegs Sciences for a three-year 
rod commencing on 1 October 
984. Candidates should have a 
PhD and research experience in 
some aspect of recombinant DNA 
tae nnooy, The successful appli- 
cant wouid be expected to con- 
tribute to the teaching of a second 
year course in Molecular Biology 
and make specialist contributions 
to third year courses in Molecular 
Biology and Molecular Genetics, 
Initial pein be within the ranpe 
£7,190 to £8,975 per annum on the 
scale £7,190 to £14,125 per annum 
(under review) plus USS benefits. 
Applications (three copies) 
which should include a full 
curriculum vitae, including ex- 
















































| laboratory. Personal research 


MEDICAL PHYSICS 


Department of Medical Physics 
C. K. Battye and seconded to 
under the direction of Dr. J. C. 


Ext 2254, quoting ref UP/ 78. 


UNIVERSITY 
OF ABERDEEN 


DEPARTMENT OF 
ZOOLOGY 


Culterty Field Station 


POSTDOCTORAL 
RESEARCH FELLOW (1A) 


to work with Dr I J Patterson on 
assessment and control of rook and 
goose damage to autumn-sown 
barley (funded by AFRC). 
Experience of field research with 
birds would be an advantage. 


The appointment will be for 30 
months from 1 October 1984 at a 
Starting salary up to £7,630 per 
annum on the Range IA Scale for 
Research and Analogous Staff (scale 
under review). 


Further particulars and appli- 
cation forms from The Secretary, 
The University, Aberdeen, with 
whom applications (2 copies) should 
be lodged by 18 May 1984, (1780A 


“Merentheevetrirensneierintmummietttctereraneeusitidrtrren ate mar hnatalnah Wate timtateaneevauisadvehsinlenrvannint severe 
































Plantek International 
(Pte.), Ltd., a Singapore based 
biotechnology joint venture 
company, is seeking three PhD 
Senior scientists for our 








history in plant physiology, 
somatic cell genetics or bio- 
chemistry is required. Experience 
in the application of plant cell and 
tissue culture methods for plant 
improvement are desirable. 
Successful candidates will inter- 
act with concurrent programs in | 
plant molecular biology, Soil 
microbiology, phytochemistry 
and fermentation. 

Compensation and benefit 
packages are commensurate 
with experience. interested 
applicants should send a 
current curriculum vitae, 
publication list and statement 
of future research interests to: 
Vice President of Corporate 

Planning 



























































University Research Park, 
417 Wakara Way, Salt Lake 
City, Utah 84108, USA 
















CAMBERWELL HEALTH AUTHORITY 
King’s College Hospital 


DEPARTMENTS OF ANAESTHETICS AND 


BASIC GRADE RESEARCH PHYSICIST 


Physical Scientist required for the above post, to workin a smali 
research team interested in developing applications of mass 
Spectrometry and other monitoring devices. A mixture of 
practical skills and an interest in 


practica micro-computers and electronics 
is a distinct advantage. The can : 


didate will be appointed to the 
under the direction of Dr. 
the Department of Anaesthetics i 
i Ponte. there will be opportunities 
for a suitable candidate to Study for a higher degree. 
The post is initially for a period of 1 year, subject to renewal. 
Salary scales are according to qualifications and experience. 
Probationer: £6,723 — £8,995 p.a. (inc) 
Post Probationer: £7,562 — £9,391 p.a. linc} 


Applications with a CV and names of two referees should be sent | 
by 4th May 1984 to the Personnel Department, King's College. ` 
Hospital, Denmark Hill, London SE5 9RS. Tel: 01-274 6222 


m] 
a 








































(1787)A 


Meenemen naenin | 
MISCELLANEOUS : 
RESEARCH VESSEL FOR Q 
ECONOMICAL WORLD | aS 
WIDE CHARTER ‘ 
A_55'6" x 19’ crabber/seiner design 
of Ed Monk with a range of 6,000. 
miles at eight knots, Party of SIX, ex- 
perienced crew, extensive electroni¢s 
including SATNAV. a. 
Spice Island Traders, One Boston 


Place, Boston, MA 02108 (617): 
723-1955, (NW750)J 


STUDENTSHIPS 
UNIVERSITY OF : 
EAST ANGLIA 


Norwich ape 
SCHOOL OF DEVELOPMENT | 
STUDIES ae 
RESEARCH STUDENTSHIP 
Development of a Soil-Lite 
Modei 
Applications are invited for aj 
Research Studentship, tenabie| 
from up to three years with effect z 
from October 1984. The successful] 
candidate will work under the] 
supervision of 

















principal reference to land use: 
developing countries. Applicar 
should have, or expect to obtain 
1984, a first or upper-second cla 







Honours degree in Soil Scienc 
Agricultural Science or “Agi 
culture. the successful candida 
will register for a higher degre 
the Schoo! of Developm 
Studies. eee 
Further particulars, and a 
application form may be obtai 
from Dr. A. Pain, Schoo 
Development Studies, Univer 
of East Anglia, Norwich NR4 
to whom applications shot 
addressed to reach him byt 
than 15 May 1984... 



































UNIVERSITY OF 
| THE BIOTECHNOLOGY 
: CENTRE 
| SERC 
| Biotechnology PhD 
| Studentship 
| Applications are invited from 
| graduates in appropriate 
i disciplines for a research 
+4 studentship in biosensors com- 
| mencing in October, 1984 and 
| tenable for three years. The 
| project will involve the develop- 
1: ment of fibre optic biosensors for 
application in clinical diagnostics 


-and will be under the supervision 
1 of Or C R Lowe. 


Applicants must hold, or 
expect to gain, a first or upper 
second class honours degree 
-and should send a curriculum 
| vitae together with the names 
| and addresses of two referees 
to Dr C R Lowe, The Biotech- 
nology Centre, University of 
Cambridge, Downing Street, 
Cambridge CB23EF. (1800)F 


seewaerervtnianuhdert RsaI AA AN IARI 


UNIVERSITY 
OF EDINBURGH 
DEPARTMENT OF PHARMACOLOGY 
MRC RESEARCH 
STUDENTSHIP 


Applications are invited for the 
¿above Studentship to study the 

hormonal control of prostaglandin 
- production by the uterus. 


The successful applicant, who 
should hold or expect to obtain a First 
Class or an Upper Second Class 
degree in an appropriate discipline, 
will be registered as a postgraduate 

` student from Ist October, 1984. 


Applications with names and 
addresses of two referees should be 
‘gent to: Dr N L Poyser, Department 
‘of Pharmacology, University of 

“Edinburgh, 1 George Square, 
Edinburgh, EH8 9JZ, to arrive by 
. 31st May, 1984. (1794)F 


THE ANIMAL VIRUS 
RESEARCH INSTITUTE 


POSTGRADUATE 

STUDENTSHIPS 

<. Applications are invited for two post- 
< graduate research studentships at the 
Animal Virus Research Institute to 
work on 1) the immunology of 
African swine fever and 2) the mole- 
cular basis of fowl plague. The 
studentships (supported by the 
- Agricultural’ and Food Research 
~ Council) will be tenable for 3 years 

















































= from October Ist, 1984, and the 


- ~ successful candidates will be expected 
eto read for a higher degree. 

.. Applicants should have, or expect 
~~ to obtain, a good honours degree in 













<. immunology and/or microbiology 


‘for the first and biochemistry or 
: microbiology for the second. 


Application forms and further par- 
iculars may be obtained from The 
secretary, Animal Virus Research 
nstitute, Pirbright, Woking, Surrey 
GU24 0NF. Telephone: Worplesdon 
0483) 232441. Closing date for com- 
feted applications is 4 May 1984. 

ap ene ot. 2 7B 


































UNIVERSITY 
OF EDINBURGH 


DEPARTMENT OF 
BIOCHEMISTRY 


Applications are invited from those 


| having or expecting a first or upper 


second class degree for an 
SERC CASE STUDENTSHIP 


for three years from October 1984 to 
work on the molecular action of 
cholera toxin and antidiarrhoeal 
drugs in gut cells. 


The student will be based in 
Edinburgh, but will spend some 
weeks each year at the laboratories of 
aca Central Research in Sandwich, 

ent. 


The academic supervisor will be Dr 
Simon van Heyningen, from whom 
further details can be obtained at the 
Department of Biochemistry, Hugh 
Robson Building, George Square, 
Edinburgh EH8 9XD. (174D)F 





RE-ADVERTISEMENT 
UNIVERSITY 
OF NOTTINGHAM 


DEPARTMENT OF 
BOTANY 


ICI RESEARCH 
STUDENTSHIP 


Applications are invited for this 
studentship in collaboration with ICI 
Agricultural Division for studies on 
the effects of bacterial inoculants on 
crop growth. The studentship, 
leading to the degree of PhD, will be 
tenable for three years from October 
1984. 


Applicants should hold, or expect 
to obtain, a Ist of Upper Second 
Class Honours degree in a relevant 
biological or agricultural Science. 

Applications, including a curri- 
culum vitae and the names of two ref- 
erees, should be sent by 11 May 1984 
to Dr M R Davey, Department of 
Botany, University of Nottingham, 
University Park, Nottingham NG7 
2RD, from whom further inform- 
ation can be obtained. (1766)F 


MRETI AEAEE AAEN AAEE AAEE 


AGRICULTURAL AND 
FOOD RESEARCH COUNCIL 


FOOD RESEARCH INSTITUTE 
Nutrition & Food 
Quality Division 


AFRC POSTGRADUATE 


RESEARCH STUDENTSHIP 


The Food Research Institute has 
available an AFRC Studentship, 
tenable for three years from October, 
1984, to investigate the biochemical 
and nutritional effects of delayed 
nutrient absorption from the small 
intestine. The successful applicant 
will be expected to register as a 
research student at the University of 
East Anglia. 

Qualifications: Candidates should 
hold or expect to obtain a First or 
Upper Second Class Honours Degree 
in Biochemistry, Nutrition, Physio- 
logy or related nutritional discipline. 


Further particulars and 
application forms from the 


Secretary, Food Research Institute, | 
Colney Lane, Norwich NR4 TUA. 


‘losing date: 4th May 1984. (1770)F_ 
























UNIVERSITY 
OF NOTTINGHAM 


DEPARTMENT OF AGRICULTURE 
AND HORTICULTURE 


NERC-CASE RESEARCH 
STUDENTSHIP ON THE 
IN VITRO PROPAGATION 
OF TROPICAL TREES 


Applications are invited from 
candidates with or expecting this 
summer to obtain a good honours 
degree in horticulture, botany or 
biological sciences, for a research 
studentship leading to a PhD degree. 
The project will involve a study of the 
domestication of tropical trees by in 
vitro culture. Part of the work will be 
carried out at the NERC Institute of 
Terrestrial Ecology, Edinburgh. 
Further details of this work will be 
forwarded on request. 


Applications, including a curri- 
culum vitae together with the names 
of two referees should be sent to Dr 
P G Alderson, Nottingham Univer- 
sity School of Agriculture, Sutton 
Bonington, Loughborough, Leics 
LE12 SRD by 18th May 1984. 

(1720)F 
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UNIVERSITY 
OF READING 


DEPARTMENT OF 
PURE & APPLIED ZOOLOGY 


STUDENTSHIP 


available for project on the inter- 
actions between plant resistance and 
the susceptibility of insect pests to 
insecticides. The work will involve a 
glasshouse and laboratory study and 
is funded by the Ministry of 
Agriculture, Fisheries and Food. 


Applicants should send a 
curriculum vitae and the names of 
two academic referees to Professor H 
van Emden, Department of Pure & 
Applied Zoology, Earley Gate, 
University of Reading, White- 
knights, Reading RG6 2AT. 

(1748)F 


ONANAN AIANDI 


UNIVERSITY OF 
NEWCASTLE UPON TYNE 


RESEARCH STUDENTSHIP 


Applications are invited for a 
studentship in the Department of 
Agricultural Biochemistry and 
Nutrition to undertake research 
under the joint direction of Professor 
D G Armstrong and Dr D S Parker. 
The post is funded for two years and 
is designed to investigate the mode of 
action of an antibiotic growth pro- 
moting agent in pigs. This work will 
involve metabolism trials in addition 
to fundamental studies on enzyme 
activity and cell turnover in the 
gasterointestinal tract. 


The successful candidate would be 
expected to register for a higher 
degree. Candidates should have, or 
expect to obtain, a good Honours 
degree in animal biochemistry or a 
closely related subject. 


Further particulars may be | 
obtained from Professor D G | 


Armstrong, Department of 


Agricultural Biochemistry and 


Nutrition, University of Newcastle | Microbiology, Un 
‘upon Tyne, Newcastle upon Tyne | Leicester, Leices 


EL TRU. 










UNIVERSITY OF BRISTO 
















Applications are invited fo 
Research Studentship on 
“Influence of endogenous horm 
concentrations and applied pla 
growth regulators on resistance i 
fungal infections in bean”’. aen 


Candidates should normally be: 
under 30 years of age on Ist October, 
1984 and should have been ordinarily 
resident in the United Kingdom- 
throughout the period of 3 years- 
immediately preceding the date of 
application for a studentship. 
Applicants should have a first or. 
upper second class degree in a plant. 
science, with knowledge of 
biochemistry, physiology and 
pathology. The successful applicant 
will be expected to register for a- 
higher degree in the University of. 
Bristol. a 

Application forms and further. 
particulars can be obtained from the 
Secretary, Long Ashton Researgh 
Station, Long Ashton, Bristat 
BS18 9AF. The closing date for 
receipt of completed applicatior 
forms is 8th May 1984. (737)F 


UNIVERSITY 
OF NOTTINGHAM 


DEPARTMENT OF 
MICROBIOLOGY 


Applications are invited for a 
SERC CASE RESEARCH 
STUDENTSHIP 


to work on the genetics and 
biochemistry of resistance to new 
cephalosporin antibiotics in 
Enterobacteriaceae. 


Candidates should have or expe 
to obtain at least an upper second 
class honours degree in an appro- 
priate subject. Suniel 


Further details may be obta® 
from Dr K J Towner, Department of 
Microbiology, University Hospital, 
Nottingham NG7 2UH (0602 — 
700111 ext 3453). (1745)F 
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UNIVERSITY 
OF LEICESTER 
DEPARTMENT OF MICROBIOLOGY 
PhD STUDENTSHIP — 
Applications are invited for. 
Research Studentship (supported b. 
MRC) tenable for three year 
commencing October 1984. ae 


The successful applicant will w 
under the supervision of D 
Boulnois on molecular cloning. 
analysis of toxin genes from a var 
of Gram-positive bacteria. — 


A background in molecu $ 
genetics and microbiolog 
desirable. M 


Applicants should apply in w: 
including their curriculum 
the names of two academi 
to: Dr G ieee F Dey 










































‘UNIVERSITY COLLEGE 
CARDIFF 


MRC RESEARCH 
STUDENTSHIP IN 
PHYSIOLOGY 


three year MRC Studentship is 
faiiable from 1st October, 1984, to 
K on the properties of primary 
nt neurones innervating 
anial blood vessels and the 
eninges and their possible involv- 
nant in mamape headache. The 
oject will involve electro- 
siological and histological tech- 
ques. 
pplicants should possess, or 
expect to obtain a First or Upper 
Second Class Degree in 
Physiology, Pharmacology or some 
other appropriate subject. 
Those. interested should write to 
Professor D. |. Wallis, Department 
of Physiology, University College, 
P.O. Box 78, Cardiff, CF1 1XL, 
seeking. further particulars or 
enclosing an application which 
ncludes a Curriculum Vitae and the 
names and addresses of two 
| referees. Closing date 28th May, 
1984. Ref: 2770. (1757)F 
i nn tena aea emanate mannan 
UNIVERSITY 
OF NOTTINGHAM 
Plant Genetic 
> Manipulation Group 
DEPARTMENT OF BOTANY 
_ SERC CASE STUDENTSHIPS 
_ Applications are invited from 
_ biological science graduates who 
_ hold, or expect to obtain, a Ist or 2 (i) 
- degree for the following SERC CASE 
_ Studentships: 
_ 1) In collaboration with East Malling 
_ Research Station, the application of 
_ genetic manipulation techniques 
protoplast fusion/somaclonal 
_ variation) for the improvement of 
pple, cherry and their rootstocks. 
Dr J B Power). 
_ 2) In collaboration with Grassland 
_ Research Institute, an assessment of 
_ physiological variation in protoplast- 
derived somaclones of the forage 
legumes Lucerne and Sainfoin. (Dr 
-M R Davey). 
_ 3) dagollaboration with Long Ashton 
_ Research Station, an assessment of 
_the immunological characterisation 
Of nitrate reductases, and applica- 
tions in limited gene transfer by 
protoplast fusion. (Professor E C 
Cocking). 


<A detter of application, including a 
curriculum vitae and the names of 
_two referees, should be sent to the 
appropriate supervisor, Plant 
Genetic Manipulation Group, 
lepartment of Botany, University of 
lottingham, Nottingham NG7 2RD, 
May I ith 1984, (1790)F 



























































FELLOWSHIPS 


ates interested in immunology 
ith experience in molecular 
tics, especially in gene transfer 
niques, to work in a laboratory 
alizing in molecular analysis of 
lar interactions in the immune 
nse. Send résumé and letters of 
ce to: Drs Charles A Janeway, 

onal B Murphy, Department 

logy, Yale University School 
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ROST-DOCTORAL Fellowship: A | 
4 toral position is available for _ 





HARVARD MEDICAL 
SCHOOL 

DEPARTMENT OF RADIOLOGY 

RESEARCH FELLOWSHIP 


Research fellowship sponsored by the 
National Cancer Institute is now 
available for a two-year period to 
investigate the application of multi- 
nuclear magnetic resonance 
Spectroscopy to answer oncological, 
metabolic, and physiological 
questions on a cellular and organ 
level in isolated tissues, in 
experimental animals and in humans. 
In addition to a human proton 
imaging instrument at Brigham and 
Women’s Hospital, available 
equipment includes high-field 
analytical instruments and a 30-cm 
1.8 T instrument for large organ and 
animal spectroscopy and imaging. 


Candidates should demonstrate 
appropriate background in cellular 
and tissue studies or in NMR 
spectroscopy, and indicate how this 
multi-disciplinary training 
experience will foster their career 
goals in a letter of application, 
Preference will be given to candidate 
quality more than to specific areas of 
expertise. US citizenship or 
permanent visa required. Interested 
persons should send curriculum vitae 
and names of two references to: 
Martin J. Kushmerick, MD, PhD, 
Head of Metabolic Research, 
Division of Nuclear Magnetic 
Resonance, Department of Radio- 
logy, Harvard Medical School, 25 
Shattuck St. C2-547, Boston, Mass 
02115, 


Harvard Medical School is an 
Equal Opportunity/Affirmative 
Action Employer., (NW472)E 






















































Please mention 
hature 
when replying to 

| thesc advertisements 




























RHODES UNIVERSITY 
GRAHAMSTOWN 6140 SOUTH 
AFRICA 
HUGH KELLY 
FELLOWSHIP 











Science Departments of Rhodes University:- ee | 
Chemistry and Biochemistry, Computer Science, | 
Geography, Geology, Ichthyology and Fisheries Science, | 
Mathematical Statistics, : 
Applied), Microbiology, Pharmaceutical Sciences, | 
Physics and Electronics, Plant Sciences, Psychology, | 
Zoology and Entomology. oN 

Closely associated with a number of these departments are the | 

Leather Industries Research institute, the Institute for | 

Freshwater Studies and the J.L.B. Smith institute of 

Ichthyology. 


The value of the Fellowship is R1 500 per month plus the costof | 
a return tourist class air fare or first class rail fare from the. 1 
Fellow’s place of residence. If the Fellow accepts appointment | 
for at least six months and is accompanied by his wife, the wife’s 7 
air or rail fares will also be paid. 


The tenure of the Fellowship will be fora period of uptooneyear | 


and preference will normally be given to candidates who are | 
willing to accept appointment for at least six months. The | 


Fellow will normally be required to reside in Grahamstown, he 7 
will be a member of the Senior Common Room and given free. | 
use of the Library and access to such facilities as he may require | 
for his research. For the term of his Fellowship he will be an 
honorary member of the staff of the University. He will be 
required to present a concise report on his work at the 
conclusion of the term of the Fellowship. 


The tenure of the Fellowship shall be acknowledged in ali 
publications which may arise from it. d 
The University reserves the right to offer the Fellowship to any i 
suitable person whether or not he has made application for it.. | 

The Fellow will be expected to take up residence in | 
Grahamstown at a time to be agreed in 1985. | 
Forms of application may be obtained from the Registrar, | 
to whom completed applications should be submitted by | 





















taken up in Autumn 1985. 







experience. 










Travelling Fellowships 


The Medical Research Council's Travelling Fellawship scheme enables clinical and non- 
Clinical biomedical research workers to undertake advanced specialised training overseas — 
for a period of three months to one year, 


Applications are now invited from Suitably qualified candidates for awards to be 
ELIGIBILITY REQUIREMENTS: Gradu- 
ates in medicine or dentistry 
NHS Registrar/Senior Registrar Status (or 
academic equivaient) with-some research 


Graduates in science should hold a PhD/ 


MIRC 









1985/86 





DPhil degree and normally have had at | 
least two years’ postdoctoral research 
experience, 

Applications cannot be accepted from 
candidates already overseas who wish to - 
extend their stay. l 


should be of 


Further details and application forms are available on 
request from the Medical Research Council Training 
Awards Group 20 Park Crescent, London WIN 4AL 
Closing date for receipt of applications: 
30 September 1984. Late applications will not be 
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research in drug discovery. 
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EMBO 
EUROPEAN MOLECULAR BIOLOGY ORGANIZATION 


SHORT TERM FELLOWSHIPS 
in molecular biology 


The European Molecular Biology Organisation awards, to scientists 
- working in Europe and Israet in the field of molecular biology and allied 
disciplines, short term fellowships of one week up to three months 
duration. The fellowships are to support collaborative research 
between laboratories in different countries and provide a travel grant 
and subsistence allowance. Applications may be made at any time and 
are decided upon soon after the receipt of application. 


Applications for exchanges between laboratories within any one 
country cannot be considered. Fellowships involving transatlantic 
travel are awarded only in extremely exceptional circumstances. 


Application forms and further details may be obtained from Dr. 
J. Tooze, Executive Secretary, European Molecular Biology 
Organization, 69 Heidelberg 1, Postfach 1022.40, F.R.G. (W818)E 


WILMOT CANCER RESEARCH 
FELLOWSHIPS | 


The University of Rochester School of Medicine offers research 
training to individuals with the MD degree and at least one year of 
_ postdoctoral experience. Research fellows can train for up to three 
_ years in.any discipline relevant to the cause, diagnosis, treatment or 
-o prevention of cancer. Training is available in fields such as: 
endocrinology, experimental therapeutics, genetics, hematology, 
immunology, microbiology, molecular and cellular biology, 
o pathology, and radiation oncology. 
- Stiperids range from $27,000 to $30,000, depending on the number 
of years since the MD degree was achieved, and there is an annual 
allowance of £5,000 for other research costs. 
- For further information, contact: 
an baad CANCER RESEARCH FELLOWSHIP PROGRAM 
-> Box 706 






Rochester School of Medicine & Dentistry 


Avenue aa 
NY USA 14642. oa (NWA 9)E- 


Postdo 
Research 
Fellowship 


Smith Kline & French Research is a leader in the development 
of ethical pharmaceuticals for use worldwide. As part of its 
programme for the discovery of novel drugs for human use, the 
Company is establishing a postdoctoral Research Fellowship. 

The position, which will invoive the study of intracellular calcium 
in the control of cardiac and other cellular functions, offers the 
opportunity for an enthusiastic scientist to join a multi-disciplinary 
team of pure and life scientists and contribute to fundamental 


SIKGF 


SMITH KLINE GFRENCH RESEARCH LIMITED 
The Frythe, Welwyn, Herts AL6 9AR. 
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Applications are invited from life scientists with appropriate 
experience and qualifications. The appointment is for two years. 
A 20% gratuity will be paid at the end of the contract. The salary 
range is £9,000 to £13,000 and the level of appointment will be 


Please send a c.v. outlining your qualifications and experience, 
or contact the Personnel Officer for an application form, quoting 


(1800)E 


THE ROYAL SOCIETY 
OF EDINBURGH 
LESSELLS FELLOWSHIPS 


Applications are invited from 
Honours Graduates in Mechanical, 
Electrical or Civil Engineering from 
the Scottish Universities who wish to 
study some aspect of their profession 
in Scotland. The stipend for a 
Fellowship is likely to be within the 
range £5,000 — £10,000 per annum. 


Further details and application 
forms, which should be returned no 
later than 31st May 1984, may be 
obtained from the Executive 
Secretary, The Royal Society of 
Edinburgh, 22 24 George Street, 
Edinburgh EH2 2PQ. OTIME 





THE SCHOOL OF 
PHARMACY 
University of London 


THE SIR HARRY JEPHCOTT | 


POSTDOCTORAL 
RESEARCH FELLOWSHIP 
in Pharmaceutical Chemistry, 
Pharmaceutics (including Micro- 
biology), Pharmacognosy, Pharma- 
cology, or Toxicology is available for 
two years maximum from | October 


1984 at a minimum salary of £7,190 | 
pa plus London Weighting of £1,186 | f 


pa and membership of USS. 


Details from the Clerk to the | 
Council, The School of Pharmacy, | 
29/39 Brunswick Square, London | f 45 Be 













THE MIDDLESEX 

HOSPITAL MEDICA 
SCHOOL 
(University of London) | 





RESEARCH > 
ASSISTANTSHIPIN 
ELECTRON MICROSCOPY 


Applications are invited for a post- 
doctoral research assistant to” 
investigate the fine structure of thë 
myelinated nerve fibre. Applicants. 
must be experienced in electron. 
microscopy. Additional experience in™ 
either cytochemistry, or freezes: 
fracture or neurobiology would bean | 
advantage but is not essential, The | 
post, tenable for two years, is funded _ 
by the Wellcome Trust. Starting — 
salary according to age, 
qualifications and experience up te 
£9,267 per annum inclusive of- 
London Allowance. ee 


Applications together with a- 
curriculum vitae and the names of 
three referees should be sent to DrAL 
J G Harison, Director, Reta Lila 
Weston Institute of Neurological 
Studies, The Middlesex Hospital 
Medical School, London WIN 8AA. 

(1727)P 





continued on page 19 


APPOINTMENTS WANTED 








BIOPHYSICS Graduate looking for 
research position in bioelectronics or 
similar field. Box 1791 c/o Nature, 4 
Little Essex St, London WC2R 3LF. 

G7IDB 





APPOINTMENTS WANTED 
advertise your qualities and quaiifi- 
cations through the most influential 
science weekly in the world alca 
special reduced cost of 25p a word. 
(Personal Box Numbers £2). mate 
Advertisements must be pre-paid and 
sent to: Nature Classified (Appts 
Wid), 4 Little Essex Street, Londor 
WC2R3LF. (890)B 


CONFERENCES and 
COURSES | 


BRITISH NUTRITION _ 
FOUNDATION 
SIXTH ANNUAL 

CONFERENCE Y 
‘ATTITUDES TO EATING! — 
RESULTS OF THE BNF EATING | 
SURVEY 1982 
26 June 1984, STOPFORE 
BUILDING, UNIVERSITY © 
MANCHESTER 

















GRADUATE RESEARCH 
ASSISTANTSHIPS 


Or PH.D. level students are available to work 
in the areas of molecular biology, gene ex- 
_ pression and characterization, and/or so- 
_ Matic cell genetics of plants. Stipends range 
_ from $8,000 to $12,000 annually. Available 
through a cooperative degree program be- 
-tween Los Alamos National Laboratory-Life 
_ Sciences Division and New Mexico State Uni. 
_ Versity-Plant Genetic Engineering Laboratory. 
_ Send resume or contact: 

- Dr. Gregory 


















An Equal Opportunity/Affirmative 















CONFERENCES and COURSES continued 








THE ROYAL VETERINARY COLLEGE 
5 University of London 





MSc in LABORATORY 
ANIMAL SCIENCE 








ibe College offers a full-time course of Study over one 
alendar year leading to an examination for the degree of 
MSc in Laboratory Animal Science. In addition, there is 
-provision in the regulations to allow individuals in full-time 
employment to acquire the degree by part-time attendance 
_ and the accumulation of credits over the period of 2, 3 or 4 
years, 


ess 
Bo 
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ea 
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>The course is intended primarily for veterinary or medical 
fm graduates seeking to specialize in all aspects of care, main- 
E tenance and use of laboratory animal colonies for biological, 
|. biomedical and allied studies. Graduates in biological 
_ Sciences may also be admitted if they have had practical, full- 
-time experience of aspects of laboratory animal science since 
-= graduation. 


` The course begins in October 1984 and is based at the 
College premises in London NW1. 












Further information and application form obtainable 
om the Registrar, The Royal Veterinary College, 
oyal College Street, London NW10TU. (1733)C 
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Royal Postgraduate Medical Schoo! 
(University of London) AOE 


Postgraduate Courses 


An opportunity to study immunology 
and its applications in a clinical context 


March 1985 will be the next intake for the IMMUNOLOGY MODULE 
which runs each year from March to July. A 





Ths full-time module will cover {in lectures, seminars and = 
practicals}: the cellular and molecular basis of immune responses in. o 
normal and diseased states; a range of modern immunological 
techniques -- including monoclonal antibody, as well as more: - 
traditional techniques; the clinical applications of the techniques — <- f 
as in ceil sorting, immunoassays, differential diagnosis, ff 
transplantation, drug targetting and tumour imaging, : 


The IMMUNOLOGY MODULE can lead to the following | 
qualifications: 


al RPMS Diploma in Immunology*, when followed by a 6 month. 
research project. 


b} London University Diploma in Clinical Pathology, when 
combined with a second subject module (Chemical 
Pathology, Haematology, Histopathology or Microbiology). 

c} Post-experience course for which students may register 
without being candidates for either diploma. 


* Medical Research Council Advanced Course Studentship 
availabie, 


Further information, application forms and currentfee scales F 
may be obtained from: School Office (DCP}, Royal 
Postgraduate Medical School, Hammersmith Hospital, Du $ 
Cane Road, London W120HS. Telephone: aae ee a © 
17 













*THE BULLETIN BOARD. 


Third International RSIS | 
Nature Conference : 


september 10-12, 1984 


Boston Park Plaza Hotel 
Boston, MA. U.S.A, 








POSTER 
SESSIONS 


Scientists who register for the 
conference and wish to display posters 
should contact: 














Posters Editor 
NATURE Magazine 
15 East 26 St., New York, NY 10010 


Please do not telephone. Write, including | 
a brief synopsis of poster subject and 
its scientific relevance. Poster space is 
limited, so we suggest you act promptly. 
INW4EB)C: $ 


















* Biologische Fachliteratur aus c aac” 
VEB GUSTAV FISCHER VERLAG JENA 
DDR-6900 Jena, Villengang 2 


5. Fittkau 
: Organische Chemie 


` Studienreihe Biowissenschaften. 5. überarbeitete Auflage. 1984. 


2 p Etwa 270 Seiten, 23 Abbildungen, 20 Übersichten, 31 Tabellen, L 8 


# S= 12emx 19cm, Brolin, etwa 23,—DM Bestellnummer: 5338144 


e Dieses beliebte und bewährte Lehrbuch wurde in der Terminologie 


«| < (UPAC, SI-Einheiten) auf den neuesten Stand gebracht und typo- 
a < graphisch. neu gestaltet. Es ist als obligatorisches Lehrbuch für 


| Studenten mehrerer Disziplinen eingeführt. 


E. Golovinsky 
Biochemie der Antimetabolite 


- 7984. Etwa 240 Seiten, 69 Abbildungen, 24 Tabellen, L6 = 17 cmx 
24cm, Leinen, 89,—M Bestellnummer: 533 843 5 


Die Antimetabolitforschung gehört zu den wichtigsten inter- 
disziplinaren Bereichen der Biowissenschaften. Mit der vorliegen- 
den Monographie wird ein Überblick über den gegenwärtigen 


| Kenntnisstand sowie über die Anwendungsmoglichkeiten von Anti- 


. metaboliten in Wissenschaft und Praxis gegeben. 


E. Günther 

-Lehrbuch der Genetik 
iy stark bearbeitete Auflage des ‘‘Grundrifi der Genetik’’. 1984. 485 
y eiten, 323 Abbildungen, 54 Tabellen, 12 Tafeln, L6 = 17 cm x 24 
cm, Leinen; 5 53, PM 


Bestellnummer: 5336536. 


R. Hagemann 
Allgemeine Genetik 


Unter Mitarbeit von T. Börner, R. Piechocki und F. Siegemun 
Studienreihe Biowissenschaften. 1984. Etwa 480 Seiten, 201 Abbi S 
dungen, 37 Tabellen, L8S = [2emx 19cm, Brolin, etwa 33,—DM 

- Bestellnummer: 533602 


Mit diesem Buch wird dem Leser eine moderne Darstellung de 

Gesamtgebietes der Genetik in ihren Grundlagen gegeben, wobei 
auch neue hochaktuelle Themen, wie die Gentechnik und zell: 
biologische Manipulationen, behandelt werden, Die “Allgemeine 
Genetik” sollte zur Grundausstattung jedes Studenten der Bio- 
wissenschaften und benachbarter Disziplinen gehören. 


E. Hentschel und G. Wagner 
Zoologisches Wörterbuch 


Tiernamen, allgemeinbiologische, anatomische, physiologische - 
Termini und biographische Daten oe 


2. überarbeitete und ergänzte Auflage. 1984. Etwa 600 Seiten, L8'S : 
= 12.cm x 19cm, Kunstleder, 25,~-DM 2 


Bestelnummer: 533 753 9. : 


in diesem gefragten Lexikon werden Tiernamen, und Termini 
sprachkundlich und durch pragnante fachliche Definitionen = 
erklärt, Außer dem lexikalischen Hauptteil enthält das handliche 
Werk eine Abhandlung “Einführung in die Terminologie und — 
Nomenklatur”, ein “Verzeichnis von Autorennamen” und eine 
Übersicht ‘System des Tierreichs’’. - 


A. H. Müller | 
Lehrbuch der Palaozoologie. 3 Bände 


Band II: Vertebraten. Teil 1: Fische im weitere 
Amphibien 


2. neu bearbeitete und erweiterte Auflage. 1984. Etwa. 680 Sei 
694 Abbildungen, L6 = 17 om x 24cm, Leinen, etwa 87, —DM 


Bestellnummer: 533 


Es wurden die neuesten Ergebnisse. fiber. die Fische im: we 


Sinne, die Amphibien und ‘Conodonten eingea beitet.: 
konnte das reiche Bildmaterial weiter v rbess rt-werden. 
insgesamt siebenteiligen Standardwerk d t Pala 200108 e 
Band lin der4, Annage unda vom Band ii mie eres aten) 
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Colin Russell Sydney Brenner 

(new history for science) (life of S. E. Luria) 

P. N. Johnson-Laird David L. Hull 

(essays of Jerome Bruner) (the honourable Wallace) 
Tom Banchoff Eric Ashby 

(world of two dimensions) (policy for environment) 
Owen Gingerich John Erickson 

(Ptolemy interpreted) (science In war) 
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The aai 
Purification of proteins, peptides and nucleic acids 
still presents the biochemist with the problem of how 
to preserve high biological activity, get good resolu- 
tion, and do it fast. 


The answer 
A new separation mode — Hydrophobic Interaction 
Chromatography (HIC)—an aqueous system where 
salt gradients regulate the ability of the column 
matrix to retain biomacromolecules, and keep them 
active. Control interaction between the hydrophobic 
sites of a protein with the hydrophobic ligands of your 
packing material, and you’ve got the answer — HIC. 
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Sample: 0.6 5 mg fre dried 


l 


ma sà 
A - wl 
maai t EEN aa 


-. ee... a, -m .- - - -n 














The facts 


LKB now introduces a new HPLC column that’s engi 
neered to meet the special demands of hydrophobic 
chromatography. The UltroPac® Phenyl-5PW colum 
eliminates all the problems caused by organic solveni 
provides mild separating conditions and ensures com 
plete accessability even far biomacromolecules up 
10 The result is outstandingly high biological activit 
very fine resolution and fast chromatography. 
Whatever your separation method, be it GFC, IEC, 
RPC and now HIC, LKB’s comprehensive range of 
prepacked columns lets you select the technique mosi 
suitable for your sample. A complete choice. 


in HPLC 


with fine resolution 
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1 you'll find it all in our new catalogue of HPLC 


mns and accessories. Get yourself a copy- and get 
facts. 





LKB 


BROMMA 


Head office: LKB-Produkter AB, Box 305, S-161 26 Bromma, Sweden 
Tel 08-98 00 40, telex 10492 
in US sales office: LKB Instruments, Inc. 9319 Gaither Road, Gaithersburg, 
Maryland 20877. Tel 301-963-3200, telex 909870 (dom.), 64634 (intern.) 
JK sales office: LKB Instruments Ltd., 232 Addington Road, S. Croydon, 
Surrey CR2 8YD, England. Tel 01-657 8822, telex 264414 


© sales offices in: Antwerp, Athens (for Middle East), Bangkok, Copenhagen, 
cerne, Madras, Moscow, Munich, Paris, Rome, Turku, Vienna, Zoetermeer 
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HPLC of biological 


macromolecules at the 
pH of your choice. 





Bio-Rad’s new anion and cation The Tools: new ion The Proof: rapid separation 
exchange HPLC columns offer exchange HPLC system of 30S ribosomal proteins. 
many unique advantages for the from Bio-Rad. 

high resolution separation of bio- BioRad 

logical macromolecules. Each of HPLC 

these four Bio-Gel® columns uses system 


a highly stable, resin-based pack- 

ing material with 1000A pore size 
matrices. Used with Bio-Rad’s 
modular HPLC protein system, 

these columns provide the follow- 
ing performance characteristics 


g pH operating range from 2-12 
allows separation of proteins at 
the pH most favorable for main- 
taining activity. 

@ Molecular weights up to 10° 
Daltons can be analyzed with 
no loss of capacity, resolution, 
or column life 

mw Matrices remain stable in both D. neona E, Be 
alkaline or acid solutions for ARA 
easy column cleaning 4 

marge sample loads (up to 5 mg 
per component on analytical me? os ù 
columns). Scale up to 15X with Š l 
preparative columns. 

m Compatible with common solu 33 
bilizing agents: urea, SDS, GUHC| Fig. 1B. 















66 10 133 166 


Gradient separations of total Vata sa edd Malc Capel, Dept of elect 
ae ; lar Biophysics j Bioc it stry, Yale University 
protein from E. coli 30S ribosomal 


subunits As always, Bio-Rad provides you 


with in-depth applications assis- 
tance. Give our applications staff 
a call at (800) 4 BIO-RAD, or con- 
tact us for Bulletin 1150. 


BIO-RAD 


Bio-Rad Laboratories— Chemical Division 
2200 Wright Avenue 

Richmond, CA 94804 

(415) 234-4130 





Also in Rockville Centre, N.Y, Australia, 
Austria, Canada, England, Germany, Italy, 
Circle No.07 on Reader Service Card. Japan, The Netherlands, and Switzerland. 
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Phosphatidylinositol 
turnover- i 


Source of a new second messenger? 


Amersham supplies a range of products for studying the receptor-stimulated 
turnover of phosphatidylinositol and its biological implications. 


L-3-Phosphatidyl[U-'*C]inositol CFA.641 
L-3-Phosphatidyl[2-*H]inositol TRK.713 
L-3-Phosphatidylinositol, 1-stearoyl-2-(1 -'4C]arachidonyl CFA.704 
L-3-Phosphatidylinositol, 1-stearoyl-2-(1 -4Cloleoyl CFA.690 
L-3-Phosphatidylinositol, 1-palmitoyl-2-[1-'*C]linoleoyl CFA.731 


myo-[2-sH]Inositol 


Aqueous solution, code TRK.317 


_-myo-[U-'*C]Inositol phosphates 
olen me ty (1:9), code TRK.807 code CEB.194 


p-(U-'4C]Glucose 6-phosphate, code CFB.147 GLUCOSE 6-PHOSPHATE 





myo-[2H]Inositol 
Now available in solution in ethanol:water (1:9), code TRK.807, for 


@ Greater stability @ Reduced blanks 


in assay of inositol phosphates. Ref. BERRIDGE, M.J. ef al, Biochem. J., 212, pp. 473-482, 1982. 





Related products: Calcium-45, code CES.3 Quin 2, code N.239 
(s2P]Phosphate, codes PBS.11/13/41/43 * 


Please contact Amersham or your local representative for further details. 
Amersham International pic 


Amersham England HP7 9LL Al i iersh am 


Amersham Australia PTY Limited Sydney Amersham Belgium SA/NV Brussels Amersham Buchler GmbH & Co. KG Braunschweig W Germany 
Amersham Corporation Arlington Heights USA Amersham Denmark ApS Birkered Amersham France SA Paris Amersham Japan Tokyo Amersham Nederland BV Utrecht 
Circle No.51 on Reader Service Card. 


NATURE VOL. 308 26 APRIL 1984 


NTERNATIONAL WEEKLY JOURNAL CF SENI 


=- a Ma 


HELPING 
BEHAVIOUR 
IN HYENAS 





Brown hyenas (Hyaena brunnea), used in the study 
reported on p.843 to assess the influence of sex and 
relatedness on the degree of helping behaviour in a 
mammalian community. 
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LaB-ANIMAL 
RESEARCH EQUIPMENT 


intertace Box S O, consumption | Apple- Thermometer 
Sere eae moe | CO, production 
Respiration Rate 


8 Dryer 
+ Continuous measurement of O,, CO, 
Air and respiration rate over a 24 hour 
Flowmeter period in ml/kg of body weight/ hour im 
Temperature Probe STP units for 1 to 8 animals 
we + Prints results every four (4) minutes 


« System adaptable to small or large 
~ Qp+2025% ° 
—— 
Po 


Computer Controller Animal Cage !I-8 1 
for 110 £ cages Thermex” interface converts Apple Il 


computer into an automatic printing 16 
f AT S oe 


He tare alpen 
CARDIAC OUTPUT BY 
THERMODILUTION 


C. Variety of rectal, intravenous, 
implantable probes, etc. available. Stores 
results on the floppy disk. Data transfer to À 
host computers via RS-232 line possible 
Applications: Prints and measures tem 
. 
Cardiac Output perature in multiple animals, 
` pyrogenic activity, blood 
Computer utilizes 
1/3 and 1/2 mm 
microprobes to 
measure cardiac 
output in rats. The 
same instrument 


flow distribution, etc 
works with a variety 
of other catheters 
when measuring 
cardiac output on 
dogs. horses or 
humans. Dye dilu- 
tion densitometer 
available as an 
option 


APPLE-Il INTERFACE FOR EIGHT (8) 
ANIMAL ACTIVITY MONITORS 


Multiple infrared beams monitor animal activity in 
the cage. Different animal cage sizes are available 
eg. 15" x 15” or 1m x Im, Apple-!l computer 
computes in periodic intervals the following 
information: total distance traveled, number of 
rearings. patterns of movements, separate number 
of stereotypic and ambulatory movements, time 
spent in each of 16 squares of “Open Field, number 
of entries into each square, left, right and partial 
rotations and histograms for each of the above for 
each animal 


































animals 

e Continuous airflow through system 

¢ High accuracy, >98% of full measuring 
range eg. typical error +30 mi 
oxyger/ka/hour in 3000 mi oxygen 
kq/ hour range 
























STARTLE RESPONSE 
MONITOR TESTS 
FOUR (4) ANIMALS 

























FEEDING & DRINKING 
MONITOR 


Eight electronic precision scales 
interfaced to Apple-!i! computer 
serve as solid or liquid food con- 
sumption sensors. 

























System produces surprise stimul according t0 a preset 





program. and measures and records the force of the 












response and the response time Tested and recorded by 
the system are the force of the startle retiex. the reaction 









time. and habitation Characteristics The system i also 





ALSO FULL LINE OF: 


* Animal Activity Meters for 
Rodents, Fish and Insects 

* “Rota-Rod’’ System with 
Electric Shock Enticement 
for Testing Endurance and 
Coordination 

* TV Camera Video Digitizer 
and Apple-!Ii Computer for 
Animal Activity and Social 
Contact Measurements 
(Automatic!) 

* Animal Tremor Monitor 

* Anxio-Meter for Testing 
Anxiety (according to 
Vogel principle). 

* Shuttle Boxes!!! Comput- 
erized Reflex Conditioners 
for Testing Memory and 
Learning. 


equipped with a stimulus programmer for fully automatic 
operation The system also inciudes an automatic printer 


wilh its own timer 
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Recent developments in Organized and presented by 
a er NATURE, the international 

ich have been descri f 

ournal of science P 
by their authors in Nature, j f *~ 
are helping to clarify the Perhaps the most important international 
causes of cancer. With each conference you could attend in 1984. De- 
the recent contributions of molecular 

passing week, more and voted to 
more people consider that a biology to the understanding of malignant 
full understanding of cancer arai 
cannot be long delayed. For Research Scientists 
But the implications for and Clinici ans 
physicians and their patients 


are still entirely unclear. IN SEARCH OF UNDERSTANDING... 





This is why NATURE has | SEPTEMBER 10, 11, 12, 1984 
chosen to devote its third BOSTON PARK PLAZA HOTEL 
international conference to Park Plaza at Arlington Street 
an occasion when Boston, MA 02117, U.S.A. 
researchers in the life The conference program has been de- To this end, the leading scientists making 


sciences and clinicians can signed for two groups of people — resear- formal presentations will also take part in 


: chers in the life sciences anxious to leam two-hour round table discussions, provid- 
assess the importance of about and discuss the latest develop- ing an ample and unusual opportunity for 
recent developments in ments in the molecular biology of cancer, y to take pe in detailed discus- 
molecular biology for the and physicians who consider that these ete ea O take Tet aa oly 

domctatgile d developments may eventually affect their ; 
understanding and, own work with patients. To take part in this important and novel 


ultimately, forthe treatment | 5... in the cont wil be Conference, register now and book your 


of cancer. restricted so as to provide opportunities for 
those participating to mix with and to 
question those responsible for the latest 
research. 


rooms (also limited) at the Boston Park 
Plaza Hotel and Towers. 
ia 


TO REGISTER FOR THE CONFER- 
ENCE: Return the form appearing in this 
advertisement, with your check, or an 
authorized purchase order from your 
organization. 


EARLY REGISTRANTS SAVE $50: I 
your registration and payment is received 
by July 1, you may deduct $50 from the 
regular full registration fee of $325. You 
pay only $275. 


THE SETTING: Boston Park Plaza 
Hotel and Towers, Boston located at Park 
Plaza and Arlington Street, just off the 
famous Boston Public Gardens and 
Common. 


ROOM RESERVATIONS: A large block 
of rooms has been set aside for attendees, 
but we do suggest that you reserve your 
accommodations early, to avoid dis- 
appointment. Rooms must be reserved 
directly with the Hotel, at (617) 426- 
2000, or 800-225-2008, Telex: 710 321 
1088. Be certain to mention your parti- 














RECRUITMENT CENTER: Private 
meeting rooms and staff will be provided 
for recruitment executives and scientists 
to discuss employment opportunities. 
Contact: Miss Gene Fein, Recruitment 
Services Manager, Nature Publishing 
Co., 15 E 26 St., N.Y., NY 10010, (212) 
689-5900. 


Conference Program 


September 10-12, 1984 
Boston Park Plaza Hotel 


Daily Themes: 

DAY 1 - ONCOGENES, 

DAY 2 - THE CANCER CELL, 

DAY 3 - PROSPECTS/PROBLEMS. 








TUESDAY, 11 September 

Exhibition Viewing: 8:30am — 6:30pm 
Recruitment Center: 8:30am — 6:00pm 
DAY 2 


THE CANCER CELL — HEREDITARY 
CANCER, TUMOR PROMOTERS 
AND CARCINOGENESIS 
9.00— 915 Chairman 
9.15— 10.00 Gene regulation 
P. Leder (Harvard) 
10.00 — 10.45 Hereditary cancer 
R. White (Utah) 
11.15— 12.00 Carcinogens and 
promoters 
I.B. Weinstein (Columbia) 
12.00— 12.30 —Clinician's view 
F. Gilbert (Mt Sinai) 
2.00— 4.00 Roundtable with 
morning speakers 
4.30— 5.30 NCIprogram 


WEDNESDAY, 12 September 
Exhibition Viewing: 8:30am — 3:00pm 
Recruitment Center: 8:30am — 3:00pm 





vi 5 DAY 3 
Æ cipation in the “Nature rt : to | MONDAY, 10 September PROSPECTS AND PROBLEMS — 
take advantage of these special lower | yp inion Viewing: 8:30am — 6:30pm DRUG RESISTANCE, MONOCLONAL 
rates: Singles: $70, 80 & 85; Double: | Recruitment Center 9:30am — 6:00pm ANTIBODIES AND NEW DRUGS 
$85, 95 & 100. DAY 1 a 9.00— 9.15 Chairman 
CONFERENCE DINNER: The Conter- | PaCrong WAND GROWTH 9.15—10.00 Diagnostics and 
ence dinner will be held on Tuesday AND WHAT THEY DO nyarapi 
evening, September 11th, in the Imperial 9:00— 9:15 en 
TO INSURE SEATING AT , Chairman 10.00—10.45  Immunotoxins 
rasta “ye es 9:15— 10:00 pio ae J. Uhr (Texas) 
NFERENCE DINNER, . Wein 11.15— 12.00 resistance 
include your dinner ticket requirements 10:00— 10:45 Growth factors Pues (MIT) 
and payment of $25 per person with your M. Spom (NIH) 12.00—12.30 —_Clinician’s view 
Registration. 11.15—12.00 HTLV R. Gallo (NIH) J. Gutterman (Houston) 
POSTER SESSIONS: A limited space 12.00—12.30 Clinician’sview 2.00— 4.00 Roundtable with 
4 S. Broder (NIH) morning speakers 
= poset n >e made seg oe 2.00— 4.00 Roundtable We men 4.45 Prospects 
: Sessions , morning speakers í ng remarks 
Publishing Company, 15 E 26 St., NY.. 4.30— 5.30 Thecancercell 
NY 10010. J. Caims (Harvard) 
» 
LLL E. SS Ss e SS SS mY e e er mcr ee er ee 
TO REGISTER FOR THE CONFERENCE, mail this form with your payment. 
| pie: = I understand that paid conf partici- 
under as a erence 
The Molecular Biology of CANCER pant, I may attend all sessions, and receive all 
| I wish to reserve Conference Registra- programs and other materials. | 
| tion(s) in the names of: (Please print or type) My Check for $ is enclosed. i 
f Charge My Credit Card as Shown: I 
i OAMEX  OVISA  OMASTERCARD l 
: Sad Seats at the Tuesd y Evening Din- Credit Card # Expiration date 
| ner in the names of: Soati i 
(as it appears on credit card) i 
| O Please Bill Me 
j Name Title O Please Bill My Organization 
RETURN TO: 
i Co. /Institution The Molecular Biology of CANCER | 
c/o NATURE PUBLISHING COMPANY i 
Address 15 E. 26th Street | 
NEW YORK, NY 10010 | 
City, State, Zip Phone: (212) 689-5900 
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roduct or 
service you 
didn’t know 
about. 
That's where 
our technical 
representatives 
can help. 


















KEY New England Nuclear 


Circle No.10 on Reader Service Card. 


There's always a possibility that 
something you're doing could be 
accomplished faster, or better, 

or more efficiently if you had the 
needed information. 


Often enough your NEN representa- 
tive has that information—whether 
it be a new method, a better prod- 
uct, or one of NEN's extra services. 


Just ask. The answer will come 
from solid training and experience. 
More detailed technical answers are 
quickly available, too. Our represent- 
ative will see that the question is 
handled by the most appropriate of 
several sources at NEN, such as our 
Technical Services Group, who spe- 
cialize in customer assistance. 


But first talk with the person who 
represents it all. A good idea may 
be only a conversation away. 





_ Askus to solve your most difficult 
„protein separation problems. 
ga undreds of researchers have seen proof of how Waters 


new HPLC systems isolate and analyze proteins faster with 
higher resolution and recovery 


High speed purification of High resolution mapping Total recovery of enzymatic 
monoclonal antibodies. of cellular proteins. activity 






ee 4 4 tetatateatais). _ 





bei slaelala Yodem b. 


0 25 min 0 15 min 










45 min 









a ' 


igh performance anion exchange Subtle differences in cell constitu- The use of non-denaturing buffers 
chromatography successfully sepa- — ents can be detected by using high with high speed isolation methods 
rates and purifies antibodies from cell resolution ion exchange chromatog- allows full activity recovery for many 
Culture and ascites fluid in less than raphy for the separation of crude labile enzymes. 
30 minutes. cell lysates. (Courtesy ot G. H.R. Rao et al } 
bd 


Let us show you how Waters HPLC 
Systems can improve 
your protein separations. 


Call ext. 2835 to arrange a technical presentation 
or a demonstration on your sample. 





BEE Waters Associates 


MILLIPORE 34 Maple St, Milford, MA 01757 (617) 478-2000 


For more information Circle No. 4 







We're well known for the quality restriction 
enzymes which we produce. But we ‘re also 
involved in much more. 


-We manufacture Message Dependant Lysate, 
< SPPI DNA, DNA/RNA Modifying Enzymes, 


immobilised Antibodies and Steroid Antisera. 


We also sell Riboprobe™, Packagene’” 
© RNasin” and GammaPrep™ systems. 

And we're currently developing new 
enzymes. 
ae Write or telephone us now for your free 1984 
catalogue and you ‘ll see just how much we 
_ can do for you. 
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By clapping student quotas on British universities, 


could save as much, and make a more liberal system, 


ALMOST exactly twenty-one years ago, the then British 
Government took its courage in its hands and declared that all 
“qualified”? young people would in principle have access to a 
place in higher education. By accepting literally overnight what 
was called the Robbins principle (after the chairman of the 
committee which recommended the change), the Conservative 
Government of 1963 agreed that the national interest of an 
industrialized state requires that higher education should be a 
right of all young people who could profit from the experience 
and not, as had previously been assumed, something of a 
privilege. This (for Britain) radical public policy was counted, at 
the time, a landmark in the development of the British 

,, educational system comparable in importance with the Education 
Æ Act of 1944, which legislated for universal secondary education 
“(and which was not fully implemented for more than a decade). 

At the beginning of the prosperous 1960s, the British 
Government also fell naturally into the assumption that the extra 
cost of providing this public service would be met largely from 
public funds, which has been the practice ever since. But now a 
later British government, frightened by the cost of its 
predecessor’s commitment, is seeking to abandon the Robbins 
principle — and is earning a thorough drubbing for its pains. 
Individual universities, universities collectively (represented by 
the Committee of Vice-Chancellors and Principals), the Royal 
Society and now a working party of the Royal Statistical Society 
have set out to tell the government why it is mistaken. The 
government has only itself to blame, for it is trying to solve the 
wrong problem in the wrong way. 

The real problem, about which the government is right to be 
concerned, is the cost. Over the decades, British universities have 
become steadily more dependent on public funds for their costs 
(which are largely the costs of salaries), Since Robbins, the 
gevernment has also paid students for being students, although 
-Mever with such generosity that perpetual studentship was 

attractive and always with the application of a demeaning (for 
students) assessment of parents’ capacity to meet maintenance 
costs. But for at least the past seven years, British governments 
have been alarmed that they might have signed a blank cheque — 
and have been looking forward for relief to the decline of the 
student age group expected in the coming decade. Even the 
Labour Government that went out of office in 1979 raised with 
the universities the issue of what they would do when there were 
more places in higher education than likely students. So far, the 
most tangible signs of the present government’s hopes and 
expectations are the several demographic projections it has 
published in the past eighteen months. The most immediate 
expression of its interest is the preamble to the questionnaire put 
out by the University Grants Committee last year, threatening 
„demographic contraction — and further financial contraction on 
~~ top of that. 









Detached view 
The Royal Statistical Society’s paper is written with a detachment 
that is all the more devastating for being almost a parody of what 


- would be expected from dry statisticians. Taking a lordly view of 


~ the several alternative projections of the future demand for higher 
> education that have been flying around in the past few months, 


the statisticians declare that most of the players in this arcane 





Who shall go to university? 






the British Government hopes to save money, It - 
if it encouraged a market in higher education. : 
_ numbers game have erred. Too often, they say, prognosticators. 
break elementary rules by forming an indicator such asthe age. 
participation rate in higher education, supposedly a measure of 
what proportion of each age group finds its waytoauniversityor 
some comparable institution, by dividing the number of new 
entrants (of all ages) in some year by the number of young people 
in an almost arbitrarily chosen age group, say that-of-l6-years 
olds. But the Royal Society, in its response to the universities’ 
questionnaire, is highly commended for having seen that previous 
attempts to calculate the proportions of young people from 
different social classes entering higher education were flawed by 
their neglect of the upward social mobility which there has been 
even in Britain. And the British Government gets only poor Pr 
marks, largely for having aggregated quantities (numbersof men __ 
and women, for example) that should not be lumped togetherand 
for not stating its underlying assumptions. eS 
The upshot of all this is finally to undermine the British 
Government’s opinion that it should be possible to restrict 
student numbers in higher education in the years ahead, and thus: 
to save money, and yet not seriously to depart from the principle 
that all qualified young people can enjoy the opportunity of 
higher education. The government has been saying that by the 
early 1990s, the demand for higher education in Britain will 
decline by 13 per cent-or more. The general consensus now is that 
if the rules remain unchanged, student numbers will decline by 
only half as much, and may even increase substantially if women. 
seize. an equal chance with men, or if upward social mobility = 
continues even through the recession. The British Government. 
now has no choice but to acknowledge that its sums are wrong. 00 
The delicate task of pointing this out in plain language falls to the 
University Grants Committee. 


Shrinkage | 
That the British Government’s hopeful predictions should be so 
thoroughly falsified is no surprise. It would be hard to find a 
single set of normal circumstances in any comparable country 
where, without artificial pressure from outside, a viable system of 
higher education has shrunk spontaneously. In Britain, there 
remain several crying needs still to be satisfied. There persists 
compelling evidence that the socially least favoured sections of 
the population go to higher education establishments less eagerly 00 
than they could, and should. The consistently smaller Proportions = 0 
of women than of men who seek higher education are further 
pointers to a need unsatisfied. And there is ample, if anecdotal, = 
reason why the three-year courses which are still the standarddiet =- 
of British universities are not long enough to be educative. The | 
case for the contraction of British higher education is paper-thin. 
The effort should be abandoned. | 

But how otherwise can we save money? That is what the => 
government will say. There are many obvious steps to take, which 
is why it is mystifying that a government which used to boast ofits 
determination should, in this field, be so pusillanimous. Many — 
universities and other institutions of higher education, the- 
polytechnics for example, have found themselves operating more 
economically in the financial pressures of the past few years, and. 
| there is no reason why that process should not continue. By the . 
| standards followed elsewhere, in the United States for examp 
| the ratio of full-time teachers to students is still generou 
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notion that students should be paid for their own maintenance | AA y dd 
(even at niggardly rates) while acquiring a decent education is a . LUUT 
desirable luxury, the most seemly means by which participation 


can be made more equitable, but it is a luxury that should be 
sacrificed before the volume of higher education is itself 
constrained. What the British Government should now do is what 
it should have done when it was elected five years ago — create a 
market mechanism in higher education that will allow both 
institutions and students to find their proper levels, and then to 
spend what is necessary to meet obviously desirable social and 
national objectives of equity of access. c 


Thanks but no thanks 
The Royal Society has broken new and 
dangerous ground in its acknowledgements. 





AUTHORS’ acknowledgements are in danger of running wild. The 
brief paragraph at the end of the standard scientific article in 
which authors thank those who have helped them with their work, 
once the most stilted part of any scientific publication, is fast 
become the most informal — and confusing. Gone are the days 
when those thanked were also dignified with accepted forms of 
address — “Dr”, “Mr” or even, sometimes, ‘‘Sir’’. More often 
than not, authors will substitute for the initials by which friendly 
colleagues are known bibliographically the sobriquets by which 
they are known about the laboratory (as in “I thank Bill Bloggs 
for acritical reading of the manuscript”). And while authors seem 
more meticulous than ever at recording the file numbers of the 
grants which they have enjoyed during the conduct of their work, 
they appear more than ever eager to distinguish between the kinds 
of services their colleagues have provided. Surprisingly, one of the 
pacesetters in this trend towards the informal is one of the oldest 
of all journals, the Proceedings of the Royal Society. 

In a recent issue (Series A, 392, No. 1802, 8 March), colleagues 
are thanked in the usual way for ‘‘discussions”’ ranging from the 
“helpful”? to the ‘‘enlightening’’ as well as for “technical 
assistance” (including, on one occasion, ‘‘in particular the 
maintenance of the computer”). Another colleague is credited 
with “an observation’ that ‘‘allowed the work in paragraph 2 to 
be brought to a close much earlier than I had anticipated”? while 
another described as a ‘“‘student and guest of our laboratory 
developed a numerical program that solves the system of 
equations and boundary conditions”. Grant-making agencies are 
thanked in the usual way. One contributor to this issue writes ““we 
also thank NATO for a travel and maintenance grant which made 
- this work possible’. This is in sharp contrast with the 

~ acknowledgement at the end of the preceding article, which takes 
the form ‘*This work was not supported by any military agency”. 

The objective of this brief message is no doubt clear enough, 
but it must be wondered whether the Royal Society is fully aware 
of where the use of such acknowledgements may lead. (Strictly, 
the form is that of the negative acknowledgement.) Will 
contributors to Proc. Roy. Soc. in future be permitted to say that 
their work has been carried out ‘‘despite the failure of the Medical 
Research Council to provide the grant requested’ or (for US 
contributors) “in the face of the difficulties caused by the 
enforcement of the Department of Defense memorandum DODD 
2042.2’’? On a more personal level, the management of the new 
acknowledgements may be even more difficult. Great dissension 
could be caused by the judicious use of phrases such as ‘with no 
help whatsoever from . . .’’, “the scepticism of the head of my 
department notwithstanding” and ‘‘this work would have been 
completed two years earlier if it has not been for errors in the 
computer program written by...”’. ° 

Although some may argue that the introduction of this new 
style will make for greater openness in the exchange of scientific 
information, the risks are so great that only the most august 
periodicals can face them head-on. It is hoped that Nature will not 
<c. be thought cowardly if, for the time being, it does not follow 
> Proc. Roy. Soc.’s brave lead. S 





Vi > about taxes 
The international pattern of taxation is a brake on 
personal mobility and a problem for Unesco. 





PEOPLE about to take sabbatical leave abroad ask two kinds of 
questions of themselves and their colleagues: ‘“*What will I do, 
with whom?” and ‘How can I arrange things so that I pay the 
least tax?” Questions of the first kind are professionally entirely 
proper; people rightly worry endlessly about them. Questions of 
the second kind usually take second place, with the result that the 
value of a sabbatical spell in a hospitable laboratory may be 
undermined by the domestic anxiety caused when local provisions 
for taxation are punitive — and are almost never fully 
understood. A little-noticed provision of the latest British budget 
(made public at the end of March, and which is not so much a 
forecast of government expenditure but of how the government 
proposes to meet that by taxation) is a splendid illustration of the 
pitfalls that abound. 

The United Kingdom has arrangements with many (but not all) 
of its trading partners which avoid the worst of all horrors — 
double taxation — in the country of one’s domicile and that in 
which one happens to be working. Partly out of recognition that 
short-term visitors to the United Kingdom would usually be 


paying taxes where they came from, would have found the move. ... 
from one place to another a considerable expense out of a short- 4 


term salary and would not, in any case, enjoy the full range of | 
social benefits that taxation is intended to finance, it has hitherto 
been the practice that visitors would not be taxed as severely as if 
they were permanent residents. No doubt many long-stay visitors, 
people posted to the United Kingdom for long periods by their 
employers, have gained financially, but the numbers have been 
small. But now that arrangement has been changed, and after a 
transitional period of five years, people earning incomes in the 
United Kingdom will be taxed as if they were permanent residents. 

Superficially, this is merely another way of accomplishing an 
equitable objective which happens to be very similar to the way 
things are arranged elsewhere, the United States for example. The 
obvious snag, however, is that the change will be a further 
complication of a pattern of taxation internationally that is 
already almost too complicated for ordinary people. The certain 
consequence is that the new development will be a further 
impediment to mobility internationally — some at least of those 
who may have been planning to spend a sabbatical year abroad 
will be persuaded to stay at home, where the intellectual 
opportunities are not in any case negligible and where the syste v 
of taxation is at least already understood. Even more serious 
complications arise when people work for short spells for 
international organizations which may enjoy what is superficially 
described as tax-free status. On many occasions, it appears, 
income earned in this way is reckoned by the visitor’s country of 
domicile to be taxable just as if it had been earned at home, and on 
other occasions there are adjustments to be made which are again 
impossible to understand, or at least to calculate in advance. 

The complications of the kaleidoscope of taxes confronting 
professional people on the move is probably already a serious 
brake on the creativity of the scientific enterprise. After several 
years during which governments have regarded funds for 
fellowships for visitors in both directions as discretionary in the 
sense that they can be raided freely, it is distressing that still _ 
further obstacles should be put in the way of movement. With the, 
migratory season in the Northern Hemisphere about to begin, 
there is an urgent need that the effects of international taxation on 
the mobility of professional people should be better understood. 
But the ideal is that there should be some generally recognized 
code of taxation for people such as scientists whose work requires 
that they should be free to move — and whose national- 
governments eventually share the benefits. Is it too much to ask _ 
that Unesco, not conspicuously overburdened these days with — 
worthwhile tasks, should help throw some light on this perplexing _ 
problem? a 
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Japanese telecommunications 





Japanese Torent 6 over compromises 
reached in two new bills intended to reform 
Japan’s telecommunications industry. The 


bills, which have just been submitted to the | 


Diet, are aimed at replacing the Nippon 
Telegraph and Telephone (NTT) mono- 


poly of Japan’s domestic telecommunica-: 


tions business by free competition in the 
supply of major services. A bitter dispute 
between the Ministry of International 
Trade and Industry (MITI), which took the 
United States’ side, and the more conserva- 
tive Ministry of Posts and Telecommunica- 
tions (MPT) over the content of the bills 
held them up until the last possible moment 
for submission in this Diet session. 

à For the United States, what is at stake is 

entry into Japan’s lucrative Value Added 
Network (VAN) market: the provision of 
telecommunications and computer equip- 
ment that permits the transfer of data from 
one computer to another. It is exactly these 
networks that Japan hopes will usher in the 

“electronic society’’ (see Nature 305, 364; 

1983) in which a single set of terminal 
equipment will give access to a huge range 
of information-processing and trans- 
mission services, and businesses with dif- 
ferent kinds of computers will be able to ex- 
change information freely, 

The United States is asking for the same 
complete freedom of access to VAN 
markets in Japan that is provided to Japan- 
ese companies in the United States. Despite 
some recent big orders, Japan buys only 

_ $200 million worth of US telecommunica- 
ions equipment each year compared with 
“the $1,300 million worth of Japanese 

equipment sold to the United States. 

The new bills do go a long way towards 
allowing free foreign competition in that 
they provide for equal treatment of foreign 
and domestic companies. But companies 
wishing to offer large-scale VAN services 
will now have to register their plans with 
the government, while smaller companies 





will have to report only when they have | 


= commenced business, 

These conditions are a huge advance 
over the original MPT demand that no 
company in which foreign ownership ex- 

ceeds 50 per cent should be permitted to of- 
r large-scale VAN services. What worries 
the United States, however, is that the bills 
do not say what is a ‘‘large’’ or ‘small’ ser- 
vice, nor define what will have to be reveal- 

ed to the government. for registration. 
These conditions are to be decided later by 

-© government ordinance. The United States 
-fears that the ministry could dictate the 

` fees, business activities and facilities to be 
_.. offered by foreign competitors and, on oc- 












casion, handicap them. 
MPT claims that it has opposed total 


liberalization of telecommunications 
because of their “importance to the econ- 


omy” and because the VAN. network 


handles “industrial and business secrets”, 


even though the disputed section of the bill 
refers to the use of rented lines, not to their 
construction and ownership (which re- 
mains restricted to Japanese companies). 
MITI, on the other hand, cited concern to 
ease trade frictions for its support of the US 
side. But what also lies behind the worst 
inter-ministerial battle for years is MITI’s 
desire to grab new territory: MITI claims 
VAN is an information processing service 
and thus within its jurisdiction while MPT 
argues that it is akin to telex. 

Just a few weeks earlier, a similar battle 
with international repercussions broke out 
over software. Then, MITI argued that 
software is subject to patent law (control- 
led by MITI and giving only 15 years’ pro- 
tection) while the Ministry of Education 
argued that it was subject to copyright law 
(controlled by its cultural agency and giv- 


- business entry into VAN services, MPT 


_ Of NTT (whose assets are more than 











ing 50 years’ protection). Critic 
without changes in the practic 
ministry of hiring its own sta 
it alone for life, ministries wi 
battle to extend their own 
whatever the public interest. 

As well as hanging on to na 


also fought for considerable retentio 
NTT’s vast monopolistic powers: "pr 
cisely what privatization was supposed | 
do away with. Plans to sell off twi 


million million ($44,000 million), annual 
sales more than Y4 million million {$19,000 
million) and with a third of a million people 
on the payroll) would have done much to. 
help the government budget deficit but 
were thwarted by MPT opposition. In- oe 
stead, the government is to maintain more Bo 
than a 50 per cent share in the new corpora- ae 
tion for at least the next five years anda 
part of the proceeds from the sale — which = 
should take place in April 1985 —willgoto 
NTT’s research and development funds. 
Although giants such as IBM and AT&T n 
can take the new corporation on, spacefor 
others will largely be determined. ‘by the ex- 
ercise of what Isashi Shinto, president of 
NTT, calls self-restraint. 

The whole legislation will be reviewed in 
three years’ time and a US Embassy 
spokesman says his country will apply 

“continuous pressure’. Alun Anderson 





Chemical weapons 


Proposals on ban treaty 


Washington 

WiTH much fanfare, the Reagan Ad- 
ministration has presented a draft treaty 
that would ban the possession of chemical 
weapons. The treaty would complement 
existing conventions that prohibit the use 
of chemical weapons and either the use or 
possession of biological weapons. 

The US draft spells out in exhaustive 
detail the mechanisms for verification, 
something the United States has insisted 
upon and which has been the stumbling 
block in the protracted negotiations with 
the Soviet Union. The draft, which was 
presented by Vice-President George Bush 
in Geneva to the 40-nation Conference on 
Disarmament, contains sweeping provi- 
sions for opening up the military and in- 
dustrial facilities of all countries to inter- 
national inspection. In addition to requir- 
ing systematic on-site inspections of 
declared stockpiles, production facilities 
and destruction facilities, the treaty would 
allow any party to demand — at 24 hours 
notice — an inspection of military or other 
facilities owned or controlled by a party 
nation. Furthermore, if an international 
“fact-finding team” to be set up by the 
treaty agreed, inspections would be order- 
ed on 24 hours notice in any party country. 

The Soviet Union has for many years 
resisted on-site inspection. Two years ago, 


however, Soviet Foreign Minister Andrei | 


Gromyko, in a speech to the United Na- 
tions, raised the possibility that the Soviet 
Union would accept limited provisions for 
on-site inspections. More recently, Soviet 
officials have indicated a willingness to ac- 
cept on-site inspection of the destruction of 
existing declared stocks of chemical arms. 
The Soviets’ immediate response to. the. 
American draft, however, has been to dis- 
miss it as election-year propaganda. That : 
view is shared by a significant numberof ~ 
President Reagan’s political opponents in 
the United States, who note that the ad-. 
ministration is also seeking funds from- 
Congress to produce chemical weapons for 
the first time since 1969. A 
-Under the draft treaty, each party would 7 
declare its stocks of chemical ‘weapons, 
production facilities and plans for destroy- 
ing its stocks, and would also provide 
regular production figures on chemic. 
plants used to produce certain. specified 
chemicals that could be used to manufac- — 
ture chemical weapons. Parties to the trea- 
ty would have up to 10 years to finish. the a 
destruction of their stockpiles. = 
Countries would be allowed to retain up = 
fo one tonne of ‘‘super-lethal toxic 
chemicals’? — with a lethal dose of 
than 0.5 mg per kg via subcutaneou: 
ministration or 2,000 mg-min m? via in 
halation — for research conducted fo 
“protective” purposes. Stephen Bud 2 



























Cancer 





Poor countries h 


THE World Health Organization (WHO) | 


today launches a campaign in New York to 
convince Western scientists that the 


developing countries have cancer too —. 


and that it can be controlled with simple 


measures. 


According to WHO statistics*, of 4.3 
million yearly deaths from cancer, 2.3 
million are in developing countries. After 
the most dangerous first five years of life in 
developing countries, cancer is now one of 
the three major causes of death (the others 
being accident and circulatory disease), 
says WHO. And as life expectancy rises — 
it is now 68 in Sri Lanka, 64 in Kerala state 
in India and 62 in China — so does cancer 
as a cause of death. And the trend is rising 
rapidly as other infectious and parasitic 
diseases are brought under control, and as 
Western habits such as smoking increase. 

WHO's cancer director, who has begun 
this campaign, is Dr Jan Stjernsward, a 
Swede who until 1980 was director of the 
thoroughly First-World Ludwig Cancer 
Institute at Berne in Switzerland. But time 
spent in Africa, partly among the Masai 
tribe administering BCG immunotherapy 
(‘when I was a witch doctor’’ he says) 

seems to have convinced him that there is 
more to be done about cancer in the 
‘developing world, where, he claims, one- 


third of cancers are preventable and one- | 


third curable, often by primary health care 
and screening. 

Stjernsward is distressed that 
governments in many developing countries 
are adopting expensive radiotherapy and 
chemotherapy technologies on the Western 
model precisely when the development 
of these techniques in the West has 
been “‘plateauing off”. At WHO, he has 
instituted a cost-effectiveness study of 
different therapies for oral cancer (caused 
mostly by tobacco-chewing) in India and 
Sri. Lanka, which found that giving a 
“Rolls Royce. Western hospital-type 
treatment to one individual would actually 
cost 19 lives that could have been saved 
from cancer by early diagnosis, he says. 
Cancer is recognized and treated very late 
in developing countries, Stjernsward finds. 
Yet a trial in India to see if village 
‘‘harefoot doctors’’ could learn to 
recognize the early stages of oral cancer 
showed that barefoot diagnosis was as 


good as a specialist’s after only two days’ 


training. 

According to data that Stjernsward has 
collected, the most rapidly rising form of 
cancer in developing countries is lung 
cancer — probably caused by smoking. 
Nearly a quarter of young Chinese males 





*See “Estimates of the worldwide frequency of twelve 
major cancers’’ in the forthcoming (May) issue of 
Bulletin of the WHO, Vol 62, p.163 (1984) by D. M. 
. Parkin, J. Stjernsward, and C. 5. Muir. 








| that salination has yet occurred, but the 
now smoke, he says, as a symbol of 
affluence, and smoking is rising by 2.2 per 


it, too 


of 1.1 per cent a year in the West. 

By continent, Asia has the most cancer 
deaths, in the world, 1,858,000 a year, 
followed by Europe with 1,398,000. North 
America has 447,000 cancer deaths a year. 
On current trends, world cancer deaths will 
rise to 8 million yearly by the year 2000. 

The world’s most common cancer is 


stomach cancer, followed by lung cancer; - 


however, as stomach cancer is declining 
and lung cancer rising, the two will shortly 
change places, the WHO figures show. 
Liver cancer, closely associated with 


Soviet agriculture 





| hepatitis B vaccine, although its present. 


cent per year in China compared witha fall | cost — as derived from blood — of $80 f 





| hepatitis B, shows up at only half the rate — 5 


of lung cancer but may be under- 
diagnosed. Stjernswärd has great hopes of 






three shots is far too expensive for healt 
agencies in developing countries, where the 
average health budget is $1-2 per head per 
year. 

But China, remarkably, with its own 
production, hopes to bring the cost of 


-blood-derived vaccine down to 50 cents for 


three shots. There will not be enough of 
that to go round, however, and the 
development of a cheap genetically- 
engineered vaccine — which seems just 
around the corner — would be very 
welcome. Robert Walgate 


Salt in the wounds 


SoviET agriculture could face serious prob- 
iems due to the salination of over-irrigated 
soils, Academician Anatolii P. Aleks- 
androv, president of the Soviet Academy 
of Sciences, warned recently at a high-level 
economic conference convened to review 
the progress of the ‘‘food programme” 
launched in May 1982. The purpose of this 
programme, Soviet publicists insist, is not 
merely to ensure sufficient food for the 260 
million citizens of the Soviet Union — 
which they claim has already been achieved 
— but rather a radical change in Soviet 
eating habits, bringing the consumption of 
animal products up to ‘‘world levels” and 
cutting down on carbohydrates. 

To feed the cattle and poultry needed for 
this new high-meat, high-dairy diet, the 
programme calls for a major switch from 









"One vp on the West again— 
our food is ready salted!” 





cereals to fodder grains in the warmer (but 


hectares under irrigation out of a total 
arable area of 214.6 million hectares, 


although part of this irrigated area is used — 


for non-edible cash crops, notably cotton. 
Aleksandrov did not state categorically 


tone of his remarks suggested that, at the 
least, the possibility is causing considerable 


concern. Already, it appears, a somewhat | 
unlikely contingency scapegoat has been 


selected. According to Aleksandrov, a 
twin-frequency sidewise looking radar 





drier) areas of the south and east. At | 
present the Soviet Union has 18.6 million | 






device developed under the space pro- 
gramme to determine the composition of 
the soil of Venus has been modified by- 
academy scientists to check the wetness of a 
irrigated soils. Petr Pleshakov, the | 
Minister of the Radio Industry, 
Aleksandrov reported, had ‘‘sworn’’ to 
put his device into full-scale production. 
Nevertheless, so far, ‘nothing had been 
done in this respect for many years.” Asa 
result local agronomy experts have no 
reliable information on the effects of 
irrigation in their area. 

Aleksandrov’s argument seems a little 
specious — the Venus-soil analyser was not 
invented for terrestrial purposes, and its 
adaptation seems rather to reflect party 
directives that the space programme should 
be seen to serve the national economy and 
that science should serve the food pro- 
gramme, It is difficult, too, to credit the 
implication that without the radars, it is 
impossible to monitor salinity. ee 

According to Aleksandrov, suc 
deficiencies as can be admitted in the food 
programme are the result of industry let- 
ting down the scientist. And sometimes the 
onus is with the planners — for instance, — 
after the Institute of Biochemistry and 
Physiology had spent time and effort in 
developing a biotechnological method for 
producing a fodder protein from ‘*naraf- 





| finaceous oil”, a ministerial decision was 


made to conserve oil and work had to start 
on using natural gas instead. 
Aleksandrov’s special pleading on 
behalf of the academy scientists did not, 
however, touch on the shortage of young 
scientific personnel for the food pro- 
gramme. According to a local conference 
in Estonia last winter, it is virtually 
impossible to attract young scientists into 
agricultural work. The monthly grant fora | 
postgraduate student in agriculture is only 






100 rubles (the average workers’ wage is 


about 175 rubles per month) and those who 


begin postgraduate work immediately after - 


their first degree get a reduced grantofonly — 
85 rubles a month. VeraRich 











_ NATURE VOL. 308 26 APRIL 1984 


Soviet science | 
A declinin: 


‘Los Angeles o> 

THE impact of Soviet science is surprisingly 
small and has markedly decreased in recent 
years, according to a study by Andrew 
Sessler, the plasma physicist who led the 
Lawrence Berkeley Laboratory for six 
years. Sessler first presented his findings at 
last year’s international conference on 
Soviet Jewry in Jerusalem. “I wanted a 
topic where I could get some hard facts’’, 
he said. 

The study has been based on the citation 
figures of the Science Citation Index 
published by the Institute of Scientific 
Information, Philadelphia. Sessler has 
compared data for 58 leading Soviet 









journals in 1975 and 1981. Since some | 


Soviet accomplishments are not published 
in the open literature, the study 
_ concentrated on the impact, not the quality 
of Soviet science. Two measures were 


, determined for each journal under scrutiny 


— a ranking by the number of original 
articles published in each periodical (by 
which test Nauk Doklady was ranked third 
in 1981) and the number of times a journal 
is cited elsewhere, or its ‘timpact factor”. 

Between 1975 and 1981, Sessler found, 

the number of source items in Soviet 
journals fell by 18.9 per cent. During the 
same period, there was a worldwide 
increase of 67 per cent. Sessler says this 
could be explained if Soviet journals had 
adopted stricter editorial policies, but the 
citation rate of Soviet journals fell by Hi 
per cent between 1975 (86,737) and 1981 
(77,130). This reduction, Sessler Says, 
occurred despite a worldwide 12 per cent 
increase in the citation of all other scientific 
journals. In specific scientific fields, the 
Mience Citation Index rating found that 
the best Soviet journals were on average 13 
times less effective than the leading 
journals. Sessler concludes that ‘Soviet 
_ Science is presently having very little impact 
on world science”. 

Why? One possibility is that Soviet 
science is hindered by its reliance on large 
block-funded institutes, Sessler said. Or 
the Soviet system of education may 
discourage young researchers’ initiative. 
Certainly, he says, the Soviet system faces 
a crisis in instrumentation caused by 
revolutionary developments elsewhere. 

Nevertheless, Sessler believes that Soviet 

„cence is certainly far stronger than is 
idicated by its measured impact. He 
‘guesses that there may be a shift in 
emphasis from basic to applied sciences, 
and that if more excellent scientists have 
been devoting their attention to military 
science, secrecy would have been 
increased. But political factors such as 
__ discrimination and reduced prestige for 
-scientists could also be at work. 

n Sandra Blakeslee 













-NEWS 


UK forestry 
Conservationists set to gain 


protection superior to that enjoyed by Sites 
of Special Scientific Interest, without. = 
creating more work for the already hard- 


THE British Forestry Commission is 
expected to make substantial concessions 
to conservation interests in a discussion 
document to be published early next 
month. The commission, which has been 
under increasing pressure over its laissez 
faire policies on broadleaved woodland, is 
likely to propose among other things that 
much stricter conditions should be 
imposed in future on private landowners 
seeking grant assistance for operations on 
ancient semi-natural woodland. 
Conservationists attach great 
importance to the preservation of ancient 
woodland because it supports a greater 
diversity of wildlife species than modern 
stands, some of which are not native to the 
country. Since 1947, 30-50 per cent of 
Britain’s ancient semi-natural woodland 
has been lost and the trend appears to be 
continuing. And the Forestry Commission 
has become the new bogeyman for 
conservationists because it has usually 
ignored the distinction between ancient 
and modern stands in its grant payments. 
There is also disquiet because the 
commission is at present following 
government instructions to sell off many of 
its own woods, some of which have later 
been destroyed and replanted with fast- 
growing species. Companies have been 
established which exploit tax loopholes and 


take advantage of payments made by | 


conservation bodies to protect ancient 
woodland. The Forestry Commission 
accordingly set in train a full policy review, 
which included consultations with the 
Nature Conservancy Council (NCC). 
NCC has over the past few years been 
drawing up an inventory of ancient woods 
in Britain, which is now halfway to 
completion. The inventory compares 
present-day stocks with the mapped 
distribution of woodland earlier this 
century. The figures are not encouraging, 
according to NCC scientists. The Forestry 
Commission now seems ready to accept 
that the NCC list could be used as the basis 
for a classification that would be used to 


provide special protection to ancient 


woodland in future. | | 
There are still problems, however. Mr 


John Kennedy, a member of the 
commission, points out that it is difficult to. 


enforce legal protection for forests that can 
survive a change of ownership. And thereis 


nervousness about making public the NCC | 


list of woods that could be protected. 
Owners who want to guard the right to 
manage their woods as they wish could 
refuse access to surveyors if they suspected 
that any regulatory changes might not beto 
their advantage. 

Despite the difficulties, the commission 
now seems to feel the time has come to 
clean up its reputation. Conservationists 


seem cautiously optimistic. One possibility . 


would be to confer on ancient woodland 





pressed Nature Conservancy Council, 
which is responsible for the protection of 
such sites. Tim Beardsley 





Herschel’s home 
imperilled 


THE museum in the English city of Bath 
that commemorates the German-born 
astronomer William Herschel may have to 
close after the summer. The museum is in 
the house at 19 New King Street, Bath, 
where Herschel and his sister Caroline lived 
when he discovered the planet Uranus in 
1781, and is Herschel’s only surviving 
residence. Although Japanese astronomers 
have been frequent visitors during the four 
years the museum has been open, too few 
British visitors have materialized and no 
corporate sponsors have emerged. 

Ironically, the Herschel Museum suffers 
from being in Bath which, although a 
tourist mecca, has too many museums. The 
city council has enough museums of its own 
to which it needs to attract patrons. The 
William Herschel Society has even had to 
pay to have a direction sign put up at the 
end of the street. The University of Bath, 
which has problems of its own with the 
Holburne of Menstrie Museum of Art, is 
unable to help, while another museum, the 
Postal Museum, is also under threat. 

So, in spite of support from the National 
Maritime Museum, of which the Herschel 
Museum is an outstation, the Victoria and 
Albert. Museum, which has lent a 1790 
square piano as well as other furniture 
(Herschel was a musician), and the Bristol 
Museum, it seems that a unique museum is 
doomed. 

Retired psychiatrists Elizabeth and 
Leslie Hilliard bought the house for the 
Herschel Society primarily because of their 
interest in its Georgian architecture. The 
garden has been replanted with herbs 
which Herschel’s sister Caroline, an 


| astronomer in her own right and compiler 


of the Catalogue of the Stars, would have 
used. John Mason, a member of the 


Herschel Society committee who restored 


the garden, dug up fused pieces of metal, 
the result of a recorded accident when 
Herschel was preparing lenses in his 
workshop which visitors now see. 
Enthusiasts of the Herschel Society (now 
copied in Japan) act as stewards and 
guides. | a 
As things are, the Herschel Museu mruns 

at a loss of more than £2,000 a year, which 
is being borne by the Hilliards. “My wife. 
and I cannot carry on indefinitely — we’ re 
in our eighties”, says Leslie Hilliard. 
Laurence Dopson 
















Radioactive waste 


+ 
Sea-dumping i 
BRITISH radioactive waste disposal prac- 
tices are to be examined by a remarkable 
independent review body established 
jointly by the government and the Trades 
Union Congress (TUC). A four-man com- 
mittee has been appointed to look into ex- 
isting evidence on the safety and environ- 
mental implications of sea disposal, and 
the government has undertaken not to 
attempt further sea dumps until the com- 
mittee has reported. 

Both the government and TUC have 
been embarrassed by last year’s decision by 
transport unions to prevent Britain’s 
annual dump at a designated site in the 
North Atlantic — the government because 
the industrial action effectively thwarted 
the first programme of the newly estab- 
lished Nuclear Industry Radioactive Waste 
Executive, and TUC because some of its 
constituent unions represent workers in the 
nuclear power industry. Recognizing com- 
mon cause, government and unions have 
agreed that an independent review might 
resolve the issue. 

At present, TUC says, it is opposed to 
the disposal of radioactive waste at sea, 
even for low-level material; it advocates 
land-based storage instead. Its chief com- 
plaint is that radioactive waste con- 
sultation procedures are “‘elitist’’ and keep 
the issue out of public view. But the unions’ 
willingness to participate in a review of the 
question suggests that TUC may be open to 
persuasion. 

Meanwhile, TUC has persuaded the 
government to accept on the new commit- 
tee Mr Peter Taylor of the Political 
Ecology Research Group, an organization 
not noted for its sympathy to the nuclear 
industry. The government has countered 
by including on the committee Professor 
Brian Funnell of the University of East 
Anglia, a member of its own Radioactive 
Waste Management Advisory Group. The 
committee’s chairman is Professor Fred 
Holliday, vice-chancellor of the University 
of Durham and a former chairman of the 
Nature Conservancy Council. — 

It might perhaps be questioned how 
much a four-man review can expect to 
achieve, especially since the Department of 
the Environment already has a large 
research programme investigating sea dis- 
posal options, including the emplacement 
of high-level wastes beneath the seabed, 
and the London Dumping Convention has 
a working group examining related 
questions. (The convention recently ex- 
tended a moratorium on sea disposal until 
after next year’s dumping season.) But Mr 
Taylor, for one, is undeterred, saying that 
existing models for dispersion of radio- 
nuclides at sea have been over-simplistic 
and that they fail to take into account the 
possible effects of lateral bottom currents 
and upwellings near land. He would also 








like to examine aesthetic attitudes to sea 





dumping, whose importance is recognized 
by the International Commission on 
Radiological Protection but which have 
not so far featured in disposal assessments. 

Tim Beardsley 


Inaction on Med 


MEDITERRANEAN beaches will remain 
polluted with heavy metals and untreated 
sewage at least for the time being, 
according to a decision taken by 
Mediterranean states last Friday, 13 April, 
in Athens, Greece. 

It was a black day for the United Nations 
Environment Programme (UNEP), whose 
nine-year cooperative exercise on 
measuring pollution around the 
Mediterranean coast has been essentiaily 
ignored by the states that commissioned it, 

The Egyptian UNEP executive director, 
Mustafa K. Tolba, pleaded with the 
meeting seriously to consider adopting 
environmental quality criteria for mercury 
in Mediterranean seafood and for the 
microbiological quality of bathing 
beaches, shellfish and the shellfish- 
growing areas. Said Tolba ‘‘If action is not 
taken now, the Mediterranean people may 
doubt how seriously committed you are to 
safeguarding the future of their sea”. 

To be cynical, however, it seems clear 
that so long as the tourists keep coming, 
while the cost of cleaning up sewage and 
industrial outfalls (or closing beaches and 
fisheries) is estimated to be many 
thousands of millions of dollars, and while 
the economic crisis persists, the 
Mediterranean states will be slow to 
comply with the finding that pollution 
levels are already too high for health in 
certain areas. Robert Walgate 
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Visa blocked 
Dr David Goldfarb, the Moscow Jewish 
biochemist, has had his visa for Israel can- 
celled on the eve of his departure and is now 
threatened with treason charges. 

Although Dr Goldfarb had been told he 
could never leave the country since his 
work had brought him into contact with 
state secrets, the Academy of Science final- 
ly arranged his visa, apparently by appeal- 
ing directly to the party central committee, 
bypassing the KGB. The academy scientists 
themselves felt threatened by the campaign 
of the military to have all sensitive areas of 
the life sciences classified as secret; they 
also wished to create an auspicious atmos- 
phere before the meeting of the Federation 
of European Biochemical Societies (FEBS) 
in Moscow in June. 

Last weekend, however, a KGB team 


went to Dr Goldfarb’s apartment, confis- | 


cated his personal files and strain collection 


and told him he was under investigation for _ 
attempting to take to the West material of 
importance to national security. Vera Rich 





Washington 
THE quarrel between US universities and 
the Department of Defense (DoD) over 
proposed new restrictions on the publica- 
tion of “‘sensitive’’ research may vanish as 
abruptly as it arose. At a meeting at the 
Pentagon last week, Dr Richard DeLauer, 
Under-Secretary of Defense for research 
and engineering, told a meeting of the 
DoD-University Forum that he did not 
favour a proposal developed by his own 
subordinate, Deputy Under-Secretary Dr 
Edith Martin, to create a new category of 
“sensitive” DoD-sponsored research that 
could not be published without DoD per- 
mission. 

DeLauer’s comments appeared to dis- 
comfit Dr Martin, who was present at the 
meeting, as much as it pleased the universi- 
ty representatives, led by Dr Donald Kene > 
nedy, president of Stanford University. 4%. 
Stanford is one of three universities con- 
cerned enough about the proposal to have 
written to DoD and to the White House 
science office warning that the proposal 
would prevent them from undertaking cer- 
tain categories of research for DoD. 

The contentious restrictions were part of 
an internal DoD report on the Pentagon’s 
approach to international technology 
transfer. It said that DoD contracts for 
work that was both ‘‘applied’’ and “‘sen- 
sitive” should in future give the Pentagon 
the right to prevent publication of the 
resulting findings. Dr DeLauer, however, 
claimed to be mystified by the meaning of 
“sensitive” research. He said that the crea- 
tion of such an ambiguous category would 
confuse DoD contract officers and was 
probably unnecessary; it would be bette 
for DoD to rely on its existing powers o 
formal classification. That is what the 
universities said at a recent meeting of a 
forum subcommittee on export controls, 
only to be told by Dr Martin that it would 
be a mistake to adopt an ‘‘all or nothing”’ 
approach based on classification, 

Meanwhile, both sides have good reason 
for patching up their differences as quickly 
as possible. DoD officials warned the 
universities last week that the 1985 bonanza 
proposed by President Reagan for DoD’s 
basic research (about half of which ends up 
in the universities) was under fierce attack 
by the House of Representatives’ armed 
services committee. Instead of growing bDY® 
6 per cent in real terms, as proposed in the | 
president’s budget, the budget could re- 
main level or even decline by 2 per cent. 

Dr DeLauer appealed to the universities 
to use their political influence to protect the 
budget proposals , saying that university ._ 
presidents could do more to bend the ears. 
of congressmen by inviting them to their ~. 
campuses to ‘‘give them some gee-whiz 
and show-and-tell”’ Peter Davi 

































Hungarian education 





now turning its attention to the university 
system as a whole, Béla Köpeczi, Minister 
of Education and Culture, told the 
National Assembly (parliament) last week 
that Hungarian higher education must be 
made more flexible and provide ‘‘greater 
opportunities for the teaching of the 
natural and social sciences’’. 

The content and structure of university 
teaching must be transformed, Köpeczi 
Says, SO as to emphasize student ‘‘self- 
education’’ and the development of 
““democratic forms and structures’’. 
Students should be given a freer choice of 
subjects while bureaucratic obstacles to 
university autonomy should be removed. 
In certain professions, ‘‘grades and levels” 
wm Should be established so that students 
could obtain a first degree after one or two 
years’ full time study, and, after a few 
years’ practical work, return to full-time 
study. 

Education in Hungary has been 
controversial at least since the late 1970s, 
when there were petitions and protests 
from parents fearing that the traditional 


gymnasia (grammar schools) were aboutto | 


be abolished. Party officials have since 
condemed as the development of 
“intellectual dynasties’’, the tendency that 
the children of graduates themselves 
should have the wish and intellectual ability 
to go to university. (But the trend appears 
to have been exaggerated by the publicists: 
last week, Köpeczi reported that nearly 40 
per cent of university students are now the 
gtildren of manual workers.) 
I Meanwhile, the new proposal intro- 
“duced last autumn (Nature op. cit. ), aimed 
at letting graduates start working for a 
higher degree immediately after their first 
degree, seem simply to have served further 
to confuse an already complex system, 
The new proposals, ostensibly aimed at 
stimulating the students’ initiative and self- 
reliance, seem also to have increased their 
work-load. The number of optional 
subjects will be increased, while standards 
are to be raised in language courses. 
Research facilities in universities will 
also be improved, and students will be 
allowed to attend courses in other faculties 
go broaden their outlook in professions 
“other than their own. This concession may 
be intended to encourage students 
to change faculties during their 
undergraduate years and thus help to solve 
the perennial problem of Hungarian higher 
education — how to attract students into 
the sciences from the humanities, which 
now attract more students than the 








universities can accommodate or the job | 


market can absorb. Vera Rich 
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Californian scheme’s success 


Los Angeles 

A PROGRAMME that gives professors extra 
money, students free training and industry 
new ideas is proving a spectacular success 
in California. Called Micro (the Micro- 
electronics Innovation and Computer 
Research Opportunities Program), it was 
established in 1981 by legislative fiat to help 
the state’s electronics and computer 
industry to maintain a competitive edge. 

The idea, due to former Governor Jerry 
Brown, is one of the few to be given con- 
tinued support by the new administration 
of Governor Dukemeijian. Under the 
scheme, a professor works up a research 
plan and submits it to a company. The idea 
must be on the “cutting edge” of research 
and not related to near-term product 
development. If the company likes the 
idea, it supports at least half of the 
project’s cost in cash and equipment 
whereupon the state, through the Univer- 
sity of California budget, supplies the rest 
of the funds. 

In Micro’s first year, 31 projects on six 
campuses received more than $2.1 million 
and 25 companies participated. Last year, 
51 projects involved more than $4.8 million 
and 33 companies. This academic year, 40 
companies are supporting 58 projects 
costing $3.9 million. The projects are in 
microelectronics, computer science and 
engineering. 

The programme rests on two concepts: 
decentralization and entrepreneurialism. 
The science works “bottom up,” says Al 
Barber, vice-chancellor at the University 
of California at Los Angeles. Everything 
depends on the individual professor, who 
initiates the proposal, garners support for 





Wildlife photographers, not. 
necessarily of the greater 
horseshoe bat (right), are invited 
to enter Britain's: “largest ever” 
wildlife photographic exhibition. 
Sponsored by Prudential 
Assurance in association. with | 
BBC Wildlife Magazine, The 
Fauna and Flera Preservation 
Society and the Natural History 
Museum, the closing date for the 
competition is 29 June, Details of 
the prize categories can be 
obtained from the British 
Museum (Natural History), - 
Cromwell Road, London SW7 
SBD, UK. The competition is 
open to professionais and 
amateurs and includes categories 
Jor various age groups. 


it, supervises and participates in the — 


research and maintains liaison with the 
partner company, represented by a single Ss 
person empowered, with the professor, to. 


decide what is interesting and worth o 
pursuing. ae 


All benefit — students by working on ee 


advanced research projects, by access to. 


ultramodern equipment and fellowship: a : 
support, professors by an alternative © 


source of funds, while the university gleans - 





research results, patent rights and trained 
students for half the usual cost. Industry 
gains new research ideas, a talent pool of 
young scientists in the community and 
strengthened university ties. 

Most projects involve advanced 
computer development, but one unusual 
study is aimed at the microcomputer 
control of ski bindings. Since 95 per cent of 
all ski bindings are sold by European 
manufacturers and the worldwide market 
exceeds $500 million, the California 
researchers hope that safer microcomputer 
controlled bindings could crack that near- 
monopoly. Sandra Blakeslee 















sir — Your leading article (Nature 8 
March, p.97) makes some telling points on 
the finer nuances of international nuclear 
politics. I should like to comment on one of 
the issues you raise: that of the imminent 
danger of the collapse of the Non-Prolifer- 
ation Treaty (NPT). 

There seem to be two contentious issues 
that the current nuclear weapons states 
refuse to address seriously. First, Article VI 
of the NPT requires them to ‘“‘pursue 
negotiations in good faith on effective 
measures relating to cessation of the 
nuclear arms race’’. There is scant evidence 
that any of the nuclear weapons powers is 
doing any such thing. 

Second, at least two of the current 
nuclear weapons states — Britain and the 
United States — reserve the right under the 
“safeguards” agreements signed with the 
International Atomic Energy Agency 
(IAEA) in 1978 and 1979 respectively to 
withdraw special nuclear materials from 
the civilian stockpile for military purposes 
if so deemed necessary by ‘“‘supreme 
national security” considerations. 

Indeed, Dr Charles F. Gilbert, then 
acting Deputy Assistant Secretary for 
Nuclear Materials at the US Department of 
Energy, told a congressional committee in 
1981 that the attempt to amend the US 
Nuclear Waste Bill by Senators Hart and 
Simpson, which would prohibit the 
“mining” of plutonium produced in civil 
nuclear reactors for military purposes, was 
not supported by the US administration. 
Gilbert said that the Hart-Simpson amend- 
ment would “restrict our ability to obtain 
plutonium and might have serious con- 
sequences if the United States should need 
additional (military) plutonium’’. 

Events since have shown the US admini- 
stration is indeed planning a nuclear 
weapons programme expansion that will 
demand a considerable build-up of its 
fissile material stockpile for warhead 
manufacture. In 1982, Dr Herman E. 
Roser, Assistant Secretary of Defense Pro- 
grams, US Department of Energy, told a 
congressional hearing that, with regard to 
the possible diverting of civilian plutonium 
to the US defence programme, ‘‘I do not 
believe we should foreclose that option 


because I don’t think we should foreclose 


any options, when it comes to the security 
of this country’. Yet Deborah Shapley 
reported (Nature 297, 255; 1982) ‘Critics 
of DoE’s plans. argue that if the United 


States starts taking civilian spent fuel from — 


its weapons programme, it will not have a 


leg to stand on when it tries to dissuade 


other countries likewise”. 

7 - This criticism applies equally to the 
Un ed Kingdom. Government. Article 14 

of s 

and Euratom states- 

Government may 





that. the. ‘British 
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“safeguard” agreement. with IAEA | 


thdraw special nuclear | 
=> materials from the scope of the agreement | 
n for “national security reasons”. Although 


the British Government states it has no 
intention of exercising this right, it con- 
tinues to reserve the right legitimately to 
divert civil nuclear materials for military 
purposes, if circumstances of dire national 
security demand so. 

Nature’s proper worry that the NPT may 
collapse at the 1985 Review Conference is 
certainly justified. The 1980 Review Con- 
ference only narrowly avoided such a fate. 
Events since then have exacerbated the 
situation, with suggestions that Argentina 
and Pakistan (Note 10) both non- 
signatories to the NPT, now have facilities 
to make their own nuclear weapons. 

The 1985 NPT Review Conference 
offers a real chance for a resurrection of 
trust and confidence between nations. It 
seems the nuclear weapons states must 
show willingness to take the first positive 
steps if the conference is to avoid disaster. 
The scientific community surely have a 
duty to help make sure this disaster does 
not occur. DAVID LOWRY 
Energy Research Group, 

The Open University, 
Milton Keyns MK7 6AA, UK 
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Plagiarism in texts 
Sir — It is difficult to see how any text 
book can be written without some kind of 
plagiarism since there can rarely be a 
scientist who can fill a book with the results 
of his own researches. Authors of larger 
text books are usually academics busy with 
lectures, research and administration and 
generally delegate the work to secretaries 
who are asked to rewrite such and such a 
piece incorporating a few additional pieces 
of recent research. The stage is not set for 
convergent evolution, so why not accept 
the fact? BRENNIG JAMES 
The Dectors’ House, 
Claremont Road, Marlow, Bucks, UK 





Citations overlooked 


SIR — In my review of John Nicholson’s 


Men and Women (Nature 307, 764; 1984) 1 


wrote that the author “‘rarely cites primary 


- sources”. This remark may have been mis- 


leading, since although he rarely cites them 
in the text, he does quote some primary 


sources (together with secondary ones) | 


at the back of the book. Although each 
reference includes the page number to 
which it refers, it would take a very diligent 
reader to connect the references with the 


text, since the references for each chapter 


are arranged in alphabetical order, not in 
the order of the pages to which they relate. 
STUART SUTHERLAND 


_ Centre for Research on 


Perception and Cognition, 
University of Sussex, 
Brighton BNI 90G, UK 
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Inviable usage 


| Sir — The Shorter Oxford English 


Dictionary defines the word ‘‘viable’’ a 
inter alia, ‘‘able to maintain a separa 
existence” and, pace Dr Gill (Nature 
312; 1984), it is in this sense that it is usually 
used in embryology and neonatology. A 
“viable” unborn child is, in fact, one that 
is capable of surviving if separated from its 
mother, when incidentally its life is 
protected under the Infant Life (Preser- 
vation) Act 1929, 

A fetus which can in no circumstances 
survive apart from the mother, when for 
example its lungs are not yet capable of 
being inflated, ought not to be described as 
“viable”, even though ‘‘in the appropriate 
environment’’, that is, in its mother’s 
womb, ‘‘itis indeed capable of maintaining 
its life, given adequate oxygen and 
nutrition’’. It is, however, possible, and 
perhaps useful, to draw a distinction 
between a fetus which is ‘‘previable’’, 
meaning that although it is not yet viable it 


is capable of later becoming so, and one... 
that is “inviable” which, although still @ 


alive, can in no circumstances be expected 
to achieve viability. C. B. GOODHART 
Gonville and Caius College, 

Cambridge CBZ ITA, UK 


SiR — Your correspondent (Nature 307, 
312: 1984) must have reasons of his own to 
obfuscate the meaning of ‘‘previable’’. 
The editors of Butterworths Medical Direc- 
tory (Butterworths, 1965) do not share his 
plight, and define the word to mean 
“before the point at which extra-uterine 
existence is possible’’. What can be plainer 
than that? R. P. S. JANSEN 
The Royal Prince Alfred Hospital, 
Missenden Road, Camperdown, 

NSW 2050, Australia 
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Xiaoping first? 

Sir — First name or last name first? ‘‘The 
Second Nuclear Wars Composite” (Nature 
306, 509; 1983) did little to settle the issue. 
This case in particular, the Chinese word 
“xiao” means diminutive and ‘‘ping”’ 
signifies peace. In a country officially 
espousing peace, millions of small children 
are endeared by the nickname Xiaoping, 
which happens to be Deng’s given name. 
To call him by that is perhaps seventy years 


too late. 


Gerontocratic tradition and authori- 
tative reverence demand all respectable 
Chinese except those in the inner circle. 
power to use his fullname, Deng Xiaoping. 
Westerners may be forgiven for calling him 
Deng, his surname. But to list “Reagan, 
Brezhnev, Mitterand, Thatcher and 
Xiaoping” is almost like saying “Reagan, 
Mitterand, Thatcher, Deng and Lenya.” 

RICHARD J. WANG 
John M. Dalton Research Center, 


_ University of Missouri, 
‘Research Park, 
Columbia, Missouri 65211, USA 






























ausation of AIDS revealed 


Secretary of Health Margaret Heckler announced in Washington this week that the retrovirus responsible 
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Jor AIDS has been identified by Gallo’s group at NIH; Montagnier s group in Paris has helped. — 


THE greatest obstacle in the study of the 


acquired immunodeficiency syndrome | 


(AIDS) has been the inability to identify 
the responsible aetiologic agent. The initial 
stage of the epidemic has been one of recog- 
nition and description'>. The publication 
of four papers this week in Science (dated 4 
May) by Dr Robert Gallo (National Cancer 
Institute) and co-workers on a novel 
human T-cell lymphotropic retrovirus, 
HTLV-III, provides compelling evidence 
for a primary association of this virus with 
the disease. Preliminary seroepidemologic 
data indicate that nearly all AIDS patients 

Aand patients with AIDS-related disorders 

= such as unexplained generalized lympha- 
denopathy have antibody to HTLV-II 
antigens. The prevalence of seropositivity 
among asymptomatic persons at high risk 
for AIDS is currently being determined. 
HTLV-III was readily recovered from a 
significant number of patients with AIDS 
and the lymphadenopathy syndrome. 

The hypothesis that AIDS is caused by 
an immunosuppressive retrovirus tropic 
for helper T-cells has been advanced by 
Essex and colleagues**. They showed an in- 
creased prevalence of seropositivity among 
AIDS patients and certain high risk 
groups, such as haemophiliacs, for anti- 
body which recognized envelope antigens 
of HTLV-I and HTLV-II. Similarly, Cher- 
mann, Montagnier and co-workers at the 

dasteur Institute in Paris have reported iso- 
ation of lymphadenopathy-associated 
retrovirus (LAV) from AIDS patients?:!, 
‘LAV is tropic for helper T-cells. Subse- 
quent characterization will define its rela- 
tionship to HTLV-HI, Proving that HTLV 
IH is the cause of AIDS cannot be readily 
done in accord with Koch’s postulates. 
Nonetheless, such evidence can be obtain- 
ed in cases of transfusion-associated 
AIDS, wherein a person lacking lifestyle 
‘risk factors for AIDS contracts the disease 
after receiving blood from a person who 
either has AIDS or is at risk for the dis- 
order'!-!", Demonstration of seropositivity 
and/or recovery of HTLV IHI from such 
#onor and recipient pairs will provide fur- 
= ther data for causation. Similarly, prospec- 
tive studies proving that seroconversion, 
particularly with recovery of HTLV-II, is 
both a necessary and sufficient event for 
development of AIDS will allow us to state 
definitively that this virus is responsible for 
the syndrome. Based on other viral diseases 
transmitted by sexual, blood and needle 
routes, such as hepatitis-B, we can expect a 
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cally related tọ 


. spectrum of clinical manifestations follow- 


ing HTLV II infection. Host or en- 


vironmental factors may well modulate - 


susceptibility and severity of clinical 
disease. Indeed, HTLV I is isolated from 
seropositive persons in endemic areas of 
Japan and the Caribbean who do not 
develop adult T-cell leukaemia. 

The geographic distribution of AIDS is 
an unusual one, particularly the occurrence 
of the disease in Haiti and Central Africa”. 
Identification of a region with high sero- 
positivity among the general population 
should provide circumstantial evidence 
regarding the geographic origin of the 
virus. Although HTLV I and HTLV. H 
have been recovered from homosexual men 
with AIDS in the United States it is unlikely 
that the seropositivity reported by Essex 
and co-workers among such high-risk per- 
sons using an indirect fluorescence assay 
was acutally measuring antibody cross- 
reactivity to HTLV HI. 

AIDS research can now shift from study- 
ing indirect manifestations of the AIDS 
agent to a direct examination of the inter- 
action of HTLV III with T-lymphocyte 
subpopulations, B-cells, monocyte-macro- 
phages and haematopoietic stem cells. All 
of these cell types have been noted to be 
dysfunctional in AIDS, and understanding 
how this virus disrupts so many immune 
responses should provide important in- 
sights into the murky web of interacting cell 
populations. We can also now ask whether 
infection with HTLV II is permanent or 
transient, and whether persistent infection 
is arequirement for development of clinical 
disease. Epidemiologically, data have been 


accumulated indicating a hierarchy of risk - 


for AIDS upon exposure to body secretions 
and excretions with semen, stool and blood 


thought to be the most contagious sub- | 


stances. With direct identification of the 


causative virus, we can now verify how the’ 


disease is transmitted and whether surface 


fluids such as sweat, saliva and tears could 


be infectious. 

It has often been said that AIDS offers a 
unique opportunity to understand basic 
mechanisms of the interaction of the cellu- 
lar immune system with infectious agents 
and in the pathogenesis of certain neo- 
plasms. Is there a direct role for HTLV HI 
in the genesis of Kaposi’s sarcoma or B-cell 
lymphomas, frequent tumours in these pa- 
tients? These neoplasms are epidemiciogi- 
‘Oo cytomegalovirus and 
Epstein-Barr virus respectively. Is there a 























| direct interaction between DNA viruses 
and retroviruses such as HTLV HI? Will 
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therapy directed against HTLV M, with 
improvement or restoration of immune 
status, result in the body’s own. defence __ 
mechanisms limiting such neoplasms? 

At present, there is no effective therapy 
for AIDS. Determining the effects of _ 
various therapeutic agents, such as alpha oe 
and gamma interferons and interleukin-2, 
on HTLV III infected lymphocytes may. 
provide direction for development of ra- 
tional therapy for the syndrome. Further- 
more, studying whether antibodyisprotec- 
tive against HTLV-III infection will deter- 
mine the utility of vaccination. Certain _ 
monkeys may be amenable to HTLV-II] 
infection and serve as models for vaccina- 
tion in man. But given the apparently long 
incubation period of AIDS", it will be dif- 
ficult to determine whether seropositive in- 
dividuals who do not have recoverable 
virus are indeed protected. 3 

The psychological, economic and 
logistical impact of identification of the | 
cause of AIDS is formidable'*. It is esti- o 
mated that there are now 10-20millionsex- 
ually active homosexual men, 15,000 
haemophiliacs, 500,000 Haitians, and 4 
million blood donors in the United States. 
Screening such populations isa Staggering 
enterprise. Not yet fully knowing the ulti, 
mate clinical significance of seropositivity 
and/or recoverable virus in such popula- 
tions will compound the complexities of 
testing. Difficult lifestyle questions conter- 
ning continued sexual activity will certainly 
arise for seropositive persons. 

AIDS is a tragic disease with consider- 
able morbidity and mortality. The work by. 


‘Gallo and colleagues constitutes a turning 


point in the struggle with this epidemic. = 
Identification of its cause should rapidly 
provide accurate information on the extent _ 
and pathogenesis of the disorder; preven- 





tion and therapy will require long-term ef- = 


forts. JeromeE.Groopman 
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Oncogenes and inositol lipids 


from Bob Michell 


THE discovery of oncogenes opened a new | 


era in studies of the control of the pro- 
liferation of both normal and malignant 
cells. The suspicion that the proteins coded 
by cellular oncogenes are participants 
in normal biochemical pathways essential 
to cellular growth control, and that these 
may go subtly awry in malignancy, is 
strengthened by the knowledge that the 
proteins encoded by oncogenes include a 
secreted growth factor)? , ahomologue ofa 
growth factor receptor* and several 
‘tyrosine-directed protein kinases’ which 
catalyse the same reaction as some 
activated growth factor receptors (see 
ref.6). What has been lacking is any clear 
knowledge of the nature of the cellular 
control pathway(s) affected by these 
proteins. But now studies by two 
communicating research groups indicate 
that some oncogene products act on the 
receptor-activated pathway in which the 
breakdown of an inositol lipid is 
stimulated, leading via an increase in 
cytoplasmic Ca?* concentration and 
activation of protein kinase C to cell 
proliferation’. 

The primary evidence of both groups is 
that certain oncogene products can act as 
inositol lipid kinases. Thus, Sugimoto et ai. 
show that purified pp60"**, the tyrosine 
kinase coded by the sr¢ oncogene of Rous 
sarcoma virus (RSV), can phosphorylate 
phosphatidylinositol (PtdIns), phospha- 
tidylinositol 4-phosphate (PtdIns4P) and 
1,2-diacylglycerol (1,2-DG)’. And Macara 
etal. demonstrate that p68", the tyrosine 
kinase coded by the ros oncogene of the 
avian sarcoma virus UR2, can phosphory- 
late PtdIns®. The final product of the 
pathways of inositol lipid biosynthesis is 
phosphatidylinositol 4,5-bisphosphate 
(Ptdins4,5P,), which is hydrolysed when 
appropriate receptors are activated". 
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Sugimoto et al. found that the transfor- 


mation of fibroblasts by a temperature- 
sensitive mutant of RSV led to a large 
increase in the cellular content of 
PtdiIns4,5P,, PtdIns4P and phosphatidate 
only at the permissive temperature’. Cells 
transformed by UR2 showed both an 
increase in ??P-labelling of PtdIns4P and 
Ptdins4,5P, relative to other phospho- 
lipids and an accumulation of inositol 
trisphosphate (InsP,) and bisphosphate. 

A clear and unbroken association 
between rapid inositol lipid turnover and 
rapid cell proliferation was first clearly 
established by Diringer'* and has been 
maintained in all subsequent studies 
(reviewed in refs 13 and 14), suggesting that 
the turnover of these lipids is either an 
essential element in control of cell pro- 
liferation or an invariable consequence of 
that proliferation. The former view is 
supported by the fact that several, though 
not all, receptor-directed agents that 
stimulate cell proliferation cause a very 
rapid increase in the turnover of inositol 
lipids, long before any overt proliferative 
response. The initiating reaction is prob- 
ably the breakdown of PtdIns4,5P, to 
1,2-DG and InsP, (refs 9-11), with these 
two cellular messenger molecules 
activating, respectively, protein kinase C 
(which is also the cellular target of tumour 
promoters'’) and the mobilization of Ca? + 
ions from an intracellular store'®. The new 
data suggest that one way in which some 
oncogenes (and possibly also growth- 
promoting hormones that activate tyrosine 
kinases) act is by enhancing the kinase 
activities responsible for supplying 
Ptdins4,5P,, either by acting as inositol 
lipid kinases or by modifying the activities 
of the intrinsic cellular kinases. 

Why should the breakdown of 
PtdIns4,5P, be a normal control reaction 
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| Structure of phosphatidylinositol deft) and diagram of interactions between oncogene 
| products, cell-surface receptors and inositol lipid metabolism (right). 
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y innonproli ferating cells and also a stimulus 
_ to proliferation? Possibly there is some sort 


of threshold of signal intensity that has to 


triggered in competent cells. This mig 
provide a rationale for the frequent 
observation that a combination of 


tyrosine-kinase-directed stimulus (insulin, — i 
-epidermal growth factor) and Ptdins4,5P,_ 


breakdown directed stimulus (bombesin, 
vasopressin, prostaglandin F,,) is a much 
more potent activator of proliferation than 
is either stimulus alone!’'®. In this 
interpretation it would be envisaged that 
one stimulus enhances the supply of sub- 
strate to the signalling reaction activated by 
the other stimulus, so leading to a greater 
intensity of signal input to the cell than can 
be achieved by either stimulus alone. An 
exception would be platelet-derived 
growth factor, which seems to be a potent 
stimulus both to a tyrosine kinase!’ and to 
inositol lipid breakdown”. 

If activation of proliferation does indeed 
require a combination of a high rate of 


Ptdins4,5P, synthesis and a signal that 
activates PtdIns4,5P, breakdown, then š 


any oncogene product that could enhance 
the activity of either of these pathways 
might act as a proliferative signal, provided 
that normal environmental signals ensure 
some activity of the other arm of the 
system. If so, it may be anticipated that 
oncogene products that control, have or 
may have kinase activity (sis, erb-B, src, 
ros, fps, fes, abl, yes) will serve to control 
PtdIns4,5P, supply, whereas other 
oncogenes might encode proteins (for 
example, receptors, PtdIns4,5P, phospho- 
diesterase or protein kinase C) involved in 
the pathways in which PtdIns4,5P, 
breakdown acts as a signal. There is some 
evidence that the latter pathways involve a 
guanine nucleotide-binding regulatory 
protein”: could this be p21, the GTP-. 
binding protein coded by ras oncogenes? th 
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NEWS AND VIEWS 


Contraction and stretching in 





basin formation 
from Norman H. Sleep 


BASINS on the continental shelves of 
passive (or Atlantic) margins and platform 
basins within the continental interior are 
generally a few hundred kilometres wide 
and contain several kilometres of nearly 
flat-lying sediments. The processes under- 
lying the deposition of these sediments 
have been the subject of extensive investi- 
gations in recent years, particularly in the 
context of oil exploration. Because rocks 
deposited near sea level are encountered at 
great depths in bore holes, deposition is 
thought not to be a simple process of filling 
in pre-existing depressions but to be con- 
trolled by subsidence of the underlying 
bedrock. Recently, Cochran' has 
_ presented a detailed model which attributes 
_#® the subsidence both to thermal contraction 
and to stretching of the lithosphere. 
Cochran’s model is grounded on the 
basic concepts of the formation of passive 
margins by continental break-up?-5. 
Geologically, a continental rift valley 
widens into the young margin of a small 
ocean and finally into the mature passive 
margin of a major ocean. As a rift develops 
along the nascent margin during 
continental break-up, hot mantle is 
emplaced beneath it in the same fashion as 
mantle is emplaced at a mid-oceanic ridge. 
After the rifting event, thermal contraction 
of the lithosphere beneath the margin 
causes subsidence, which is followed by 
deposition of sediments. Crustal thinning 
during break-up, the second feature of 
Cochran’s model, is necessary if the 
¿process is to produce a basin. Without 
‘crustal thinning, thermal expansion of the 
“lithosphere would produce an uplift which 
would return to sea level when it subsided. 
Erosion during the thermal uplift as the 
mechanism of crustal thinning was over- 
emphasized by the earlier workers, myself 
in particular’, because our data were 







obtained from boreholes landward of the | 


- region of significant stretching and because 
_ we were impressed with the major uncon- 
formity which followed break-up in these 
landward areas. We now know that in the 
more seaward areas, there is no major 
break-up unconformity; the amount of 
crustal thinning in the seaward areas is so 
v@pgreat that it must be produced by 
~" stretching. 









contraction of the lithosphere were pub- 
lished early in the plate tectonic revolution, 

the idea found little immediate acceptance 
and it was not until 1976 that the mech- 

- anism was discussed in a summary of a con- 

© ference on Atlantic margins®. A partial 
_ explanation for the initial resistance is that 
. American geophysicists believed that a 





Although the original papers on thermal - 


proto-ocean existed in the Atlantic and 
thus excluded the possibility of continental 
break-up’ or they believed that the break- 
up was Permian and thus too early for 
thermal contraction to cause Cretaceous 
subsidence (for example, ref. 8: the 
presently accepted age of the rifting of the 
East Coast of the United States is near the 
Triassic~Jurassic boundary’). Acceptance 


Of plate tectonics by scientists studying 


basins was also slower than in other fields 
of earth science. For example, J. Lamar 
Worzel, a leading researcher on 
continental margins, remained strongly 
sceptical of plate tectonics until at least 
1976 (ref.10), by when proponents of 
thermal subsidence>!!-)) had convinced a 
significant portion of the geological 
community. 

The oil shortage and a wealth of new 
data encouraged the more detailed physical 
studies which form the immediate basis of 
Cochran’s model. In particular, Watts and 
Ryan'* introduced the concept of “driving 
load’ — the amount of subsidence which 
would have occurred in the absence of sedi- 
ment loads and regional redistribution of 
loads by flexure of the lithosphere. They 
extracted the history of the driving load 
from the record of sedimentation on the 
Atlantic coast of the United: States by 
correcting for sedimentary processes such 
as compaction, weight of the sediments 
and changes in water depth. McKenzie!5 
subsequently proposed a simple one- 
dimensional thermal model of continental 
break-up in which the lithosphere is 
uniformly and instantaneously thinned by 
stretching during rifting. In general, this 
process involves. rapid subsidence as the 
crust is thinned during stretching, followed 
by gradual subsidence as the lithosphere 
cools. Subsequent work on basin 
mechanics, such as Cochran’s, has 
involved combinations, modifications and 


applications of the methods of Watts and 


Ryan and of McKenzie, including 
determination of palaeotemperatures and 
petroleum maturity within the sedimentary 
column. 

Clearly, McKenzie’s model is a simple 
but elegant approximation. Atlantic 
margins and interior basins have finite 
width and even at plate tectonic rates it 
takes several million years to stretch the 
lithosphere. For example, the periods of 
Permian stretching in the Basin of Paris 
and Tertiary stretching in the northern Red 
Sea may last more than 20 Myr. Cochran 


has studied gradual stretching of a finite 


two-dimensional basin’. For rifting events 
of greater than 20 Myr his results are sig- 
nificantly different from those of the one- 


a i er 











dimensional model because of the am 

of cooling that occurs during the rift 
stage. The post-rift subsidence is redu 
by 25 per cent at the centre of the basi 
the lateral flow of heat causes minor uplii 
on the flanks of the basin. After the rift 
ends, the lithosphere becomes more rigid 
and the cooling of the material beneath the 
rift causes subsidence to extend over the ~ 
flanks of the rift valley. The basin becomes 
progressively wider as the lithosphere ` 
thickens and stiffens with time. Con- 


_ siderable overestimates of the palaeo-heat 
_ flow of the basin result if the gradual syn- 


rift sedimentation is attributed to post-rift 
thermal contraction. 

Cochran has developed a good starting = 
model for application to an actual basin. — 
How useful it will be will depend on how » 
precisely uniform is the stretching in the 
crust and mantle lithosphere; stretching 
may involve nearly intact blocks and 
highly attenuated zones. Furthermore, the , 
assumption that lithospheric heating is- ~ 
directly related to crustal thinning by the 
geometry of stretching, which gives 
McKenzie’s and Cochran’s formulations _ 
much of their elegance, isopento question. 
Substantial heating of the lower 
lithosphere, probably by bulk delam- 
ination and replacement with hot 
asthenosphere without significant 
Stretching, is common around hot-spot 
volcanoes, such as Hawaii'®. Lithospheric 
heating is thus possibly more widespread 
then crustal thinning during continental 
break-up. If the lithosphere on the flanks 
of a rift is already hot, then additional 
uplift from the lateral flow of heat from the 
rift would be obscured. eae 

Cochran’s model is fully analytical and 
can be evaluated quickly. For. practical 
application to petroleum maturity, it is: 
probably accurate enough because: sedi- 
mentological effects, such as compaction 
and the subsequent change in thermal 
conductivity, give rise to greater uncer- 
tainties in palaeotemperature than do the a. 
simplifications of the model. Because the’ 
importance of slow rifting must. be 
recognized, the industrial geologist should 
give careful attention to his seismic sections ee 
before applying Cochran’s model. ty 
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Cell biology 





Gel models for cell motility 


from Harriet Harris 


ACTIN filaments in many motile cells are 
randomly orientated in complex networks 
rather than in the parallel arrays of striated 
muscle, raising the question of how they 
participate in the organized movement of 
cells. The groundwork for attempting to 
answer that question was laid some years 
ago when it was demonstrated that soluble 
extracts of cells, prepared in the cold, 
formed gels on warming. Actin was a ma- 
jor component of the gels, some of which 
contracted in the presence of ATP, and 
myosin was identified in contracted 
material. However, crude gels may contain 
a bewildering assortment of components so 
it has been profitable to turn to recon- 
stituted gels to test the effects of 
characterized proteins on actin behaviour. 
In particular, this allows the assessment of 
the combined effects of proteins which 
have such apparently opposing actions on 
actin as gelation and contraction. Two 
papers in the Journal of Cell Biology 
demonstrate the progress being made in the 
study of reconstituted gels from sea urchin 
eggs! and macrophages’. 

Macrophages contain a long flexible 
actin-binding protein (ABP) that cross- 
links actin filaments into gels’. If myosin is 
included with actin and ABP in the gels, 
they contract in an ATP-dependent man- 
ner: moreover, the effect of cross-linking 
the actin filaments with ABP is to lower 
substantially the amount of myosin re- 
quired for contraction’. This is likely to 
resemble the physiological situation 
because, when phagocytic cells extend 
pseudopodia around a particle which is 
destined for ingestion, both myosin and 
ABP concentrate within the pseudopodia’*. 
A further degree of sophistication is im- 
parted by the addition of macrophage gel- 
solin, a protein which solates actin gels in the 
presence of calcium ions’. When calcium is 
present it abolishes the amplifying effect of 
ABP on actomyosin contraction. In a gra- 


dient of calcium concentration, the 


gelsolin-containing gels contract away 
from the highest calcium concentration’; 
thus the ionic gradient imposes direction- 
ality on the movement of a randomly orien- 
tated macromolecular array. 

A quantitative analysis of the structure 
of gels formed by the assembly of actin in 
the presence of ABP shows marked dif- 
ferences from networks of actin filaments 
alone 2; the filaments are shorter and form 
a perpendicularly branching network, 
whereas free filaments cross each other at 
random angles. If the structural and 


mechanical properties of these gels can be | 
correlated in detail, the properties of net- 


works in cells may be deduced. 
= The popularity of sea urchin eggs for 
-~ studies of cytoskeletal behaviour is largely 





due to the substantial changes in actin 
organization that occur on fertilization: 
the cortical actin polymerizes®’ and micro- 
villi, containing cores of actin'® and 
fascin!!, form on the cell surface. Sub- 
sequently, cytoskeletal contraction occurs 
in the cleavage furrow during cell division. 
The questions posed by this system are, 
first, what are the precise changes in the 
structural organization of actin and, se- 
cond, how are these changes regulated? To 
approach these problems Kane and col- 
leagues have studied the gelation properties 
of sea urchin egg extracts. Upon warming, 
soluble extracts from unfertilized eggs 
form gels!? which, if prepared under condi- 
tions such that the myosin remains active, 
contract in the presence of ATP!’. 
Recently Kane has prepared synthetic 
mixtures of purified components which 
form stable gels at low ATP concentration 
and contract when the ATP concentration 
is increased'. The minimal requirements 
for such contractile gels are actin, cross- 
linking proteins and myosin. Superficially, 
therefore, both crude extracts and 
synthetic gels from sea urchin eggs appear 
analogous to their macrophage counter- 
parts; the detailed organization of the actin 
filaments is, however, different. In the 
eggs, the cross-linking proteins are the 
58,000-molecular-weight fascin and a 
220,000-molecular-weight polypeptide. 
Fascin links the actin filaments into needle- 
like bundles, which are then linked into gels 
by the 220,000-molecular-weight compon- 
ent, which has no independent cross-linking 
effect on actin'*. The gel thus consists 
of sets of actin bundles whereas the macro- 
phage gel consists of separate filaments. 
It is unclear whether this network of 
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bundles is a useful model for the organiz- 
ation of actin in the egg cortex. The 
behaviour of actin-fascin bundles in a net- 
work might be rather different from their 
physiological role in the cores of microvil L 
The synthetic gels are also deficient in some” 





| important biochemical properties of the 


crude system; for example, fascin is 
excluded from crude gels upon con- 
traction, but retained in synthetic acto- 
myosin contraction. Until these points 
have been clarified, Kane’s synthetic gels 
cannot be assumed to be a good model for 
sea urchin egg cortical actin. Nevertheless, 
they should provide a useful assay for 
additional regulatory components as these 
are found and purified. 

An intriguing property of randomly 
ordered macromolecular systems is that 
directed movements may be brought about 
by directed stimuli. Examples are the 
response of macrophage gels to calcium 
gradients and sea urchin gels to ATP, but 
the scope could be broadened to include 
gels containing gradients of selected pro- 


tein components. In this respect, the... 
behaviour of gels may be seen as a direct & 


contrast to that of muscle, in which 
directed movement is brought about by the 
action of a uniform stimulus on an ordered 
system of filaments. € 
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Free-electron lasers 


Past the visible light barrier 


from C. R. Pidgeon 


ALTHOUGH many experiments have suc- 
cessfully demonstrated the free-electron 
laser (FEL) as an amplifier of laser light, 
until a year ago the gain threshold for 
actual laser oscillation in a mirrored optical 
cavity had only twice been surpassed. A re- 
newed burst of activity in the last twelve 


months has resulted in demonstrations of | 
FEL oscillation in three new wavelength | 


regions. 


In a FEL amplifier, one observes or. 


infers the amplification of an external laser 
beam as it interacts with an undulating 
electron beam passing through the periodic 
magnetostatic structure of a ‘wiggler’. By 
contrast, a FEL oscillator produces a laser 


| stimulated emission in successive electron 





beam without the need for an external 
laser. The spontaneous radiation generated 
by undulating electron bunches in the wig- 
gler is reflected back and forth between a 
pair of end-mirrors, generating enough. . 


bunches to produce and sustain a laser ~~ 
beam. : 
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(Granatstein, V. L. etal. Appl. Phys. Lett. 

30, 384; 1977) used a puised-diode electron 

beam to achieve FEL oscillation at 400 am 
_ in the far-infrared — a wavelength so long 
that lasing is facilitated by electron- 
eiectron plasma interactions that are not 
useful at short wavelengths. 

The successful generation of a 0.65-um 
FEL beam in 1983 at the French electron 
storage ring ACO was the first operation of 
a FEL oscillator at a wavelength in the 
visible region (Billardon, M. et al. Phys. 
Rey. Lett. 51, 1652; 1983). Moreover, it 
was the first operation of a FEL using the 






circulating electron beam of a storage ring - 


and the first to achieve laser oscillation 
with an ‘optical klystron’ — a modified 
wiggler design for enhancing the gain of 
FELs. Both were used because the FEL 
gain is drastically reduced at short wave- 
lengths — crudely speaking it depends on 
the number of electrons per optical wave- 
length along the beam. Therefore to 
achieve the net gain required for oscillation 
(of ~ 2 x 10~ per pass), it was necessary to 
go to the high current densities and low 
Æ@ angular spread characteristic of storage 
Tings and to use the optical klystron con- 
figuration: the three central periods were 
replaced by a three-pole dispersive section, 
strongly enhancing the optical bunching 
produced in the first section, thereby giving 
greater energy exchange (gain) between 
electrons and radiation field in the second 
undulator section. Typically, 75 uW aver- 
age Output power was obtained fora 2 kW 
intracavity peak power, giving 2.4 x 105 
efficiency with respect to the total synchro- 
tron radiation power. Tunability was 
shown to be limited only by the cavity 
mirror coatings, whose average reflectivity 
was at the technically available limit of 
99.965 per cent. Higher ratios of gain to 
loss are expected from the use of better 
mirrors and smaller beam transverse 
mensions, 
£ -More recently a laser oscillation at 11.6 
“ym in the near-infrared has been achieved 
by passing the electron beam of the Stan- 
ford superconducting linac through a 
tapered wiggler built at TRW, California 
(Edighoffer, J. et al. Phys. Rev. Lett. 52, 
344; 1984). The tapered wiggler configur- 
ation, in which the spacing between suc- 
cessively alternating magnet poles is 
gradually decreased towards the down- 





stream end of the wiggler as the electron | 


beam gives up energy to the radiation field, 
is the principle current approach towards 
the achievement of very-high-power, high- 
efficiency FELs in the near-infrared. To 
compensate for the average energy loss of 
- the electrons to the optical wave, the mag- 

— netic field is made a function of the wiggler 
position, hence retaining a constant 
resonant condition for the output wave- 
length. The output power was reported as 4 
W average or 1.2 MW peak (in a4 ps micro- 
pulse) at 1.57 um, extracting energy from 
the electron beam in the tapered wiggler 
with an efficiency of better than 1.2 per 
cent. 
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Last November, the FEL at Los Alamos 
National Laboratory joined the small 
group of FELs that have achieved oscil- 
lation. During 70 us pulses, 1 kW average 
Output power was generated, which is 
reportedly a 100-fold improvement over 
previous experiments. By adjusting the 
electron energy the output wavelength 
was tuned over the range of 9-1! lyn — the 


limits being set by the characteristics of | 
dielectric-coated ZnSe mirrors. The FEL | 


utilized a high-gain low-efficiency uniform 
wiggler. The efficiency of laser output to 
electron energy was about 0.25 per cent; 
small-signal gain was 15-20 per cent per 
pass. | 

There are hopes that tapered wiggler 
lasers will eventually operate with effic- 
iencies closer to 20 per cent. But these high- 
power devices are probably too disruptive 
for storage ring beams. Restricted to linacs, 
they may be limited to infrared appli- 
cations, though a tapered wiggler lasing in 
the visible is the goal of the radiofrequency 
linac development programme of the Math 
Sciences Northwest and Boeing groups. 
Clearly, efficiency is a much more impor- 
tant issue for the military and industrial 
uses of tapered wiggler FELs than it is in the 
use Of visible and ultraviolet FELs, based 
on storage rings, for research purposes. 

In the coming months we can expect a 
number of other FEL oscillators to become 
operational. In Britain, the UK FEL is a 
collaborative programme between Heriot 
Watt and Glasgow Universities and Dares- 
bury Laboratory, based on the 30-150 


100 years ago 


The River Congo, from its Mouth to 
Bólóbó, by H. H. Johnston 


ALTHOUGH claiming to be little more than the 
record of a passing visit paid to the Lower 
Congo Basin towards the end of the year 1882, 

this is really a wor ermanent interest to the 
naturalist and ët gist. The author, a young 
and ardent student of biology in its widest sense, 
here conveys his essions of West African 
life and scenery ina series of graphic pictures, 
which owe much oF their freshness and vigour to 
























MeV linac at the Kelvin Laboratory, 
Glasgow. The experiment is ¢ 
ym, but a tuning of at least 2-20 pam is be 
investigated, with extension via 
to the visible range of the spectrum. 
tunable high-intensity picosecond la 
source is intended for research into funda 
mental properties of solids and molecul ar 
genes. A flexible high-gain uniform wiggler 
system, constructed from permanent mag- 
net blocks, is enabling a thorough study of 
its operating parameters. A very similar. a 
programme is under way at CNEN - 
(Atomic Energy), Frascati, usinga20MeV 
microtron source, allowing FEL operation 
in the range 25-35 um with a permanent i 
magnet wiggler; at a later stage anew 30. 
MeV source will allow extension downto 
10 yan. Bell Telephone are usinga 20 MeV 
commercial microtron in conjunction witho 
a long helical magnet to give an output tun- 
able from 100 to 400 ym, dedicated to 
spectroscopic studies. The University of 7 
California at Santa Barbara hope to 
establish a user facility, based on an 
electrostatic accelerator, for far-infrared — 
condensed matter studies with an average 
power of several kilowatts. Livermore are 
preparing to apply an alternative linac 
technology — the ETA and ATA high- 
current induction linacs — to the tapered 
wiggler FEL. Visible and UV storage ring 
experiments include those at Brookhaven 

and Frascati, and further extension to the 
extreme-UV down to $00 Å at Stanford. 0 


C. R. Pidgeon is in the Department of Physics, 
Heriot Watt University, Edinburgh EH14 4A8. 








Fic. 3.1, Mu-yansi; 2, Mu-téké; 3, Mushi Kongo. 


the circumstance that they are always: cia at Eo 
first hand from nature. R 

There is a deeply interesting chapter. on thë ; 
“People of the Congo”. Here we find the 
Bantus as a race distinguished by a. -g00 
observer, not only from the Hotten 
Hamites, and Negroes proper, but even from 
surrounding Negroid populations. Fur 
the Bantus themselves are sai 
considerably in physical appe 
statement fully borne out by the a 
typical heads of a Mu-yansi, a M 
Mu-shi-Kongo (see Fig. 3). - 
From Nature 29, 579, 17 April 188 
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Plants that track the Sun 


from Harry Smith 


THe facility with which heliotropic leaves 
and flowers turn to face the Sun has for so 
long been part of nature lore that it may 
well seem surprising to the casual observer 
that so little is known of the mechanisms of 
perception and response of foliar 
orientation. An even more puzzling 
problem of photoperception is posed by 
the so-called compass plants, whose leaves 
have a fixed orientation along the 
meridian. Our ignorance is particularly 
frustrating in view of the satisfying under- 
standing of the ecological significance of 
these phenomena which has developed in 
recent years, as shown in a recent paper of 
Werk and Ehleringer!. They analysed the 
behaviour of- Lactuca serriola, a common 
weed whose cauline leaves have laminae 
facing east-west. The ecological advantage 
of this strategy seems to lie in the decreased 
light interception at the middle of the day, 
which reduces leaf surface temperature by as 
much as 5°C, a major factor in limiting 
water loss: Photosynthetic rates are high, 
however, in the morning and afternoon, 
when water relations are more favourable. 
The opposite strategy — that of maxi- 
mum interception of light — is favoured by 
plants whose leaves track the Sun with their 
laminae perpendicular to the direction of 
solar radiation. The increase in the daily 
rate of net photosynthesis due to such ‘dia- 
heliotropic’ movements is considered to be 
of particular advantage in seedling estab- 
lishment. and for ephemeral or annual vege- 
tation constrained to complete its life cycle 
quickly before the onset of long periods of 
drought or thermal stress*. Ehleringer 
and Forseth* recognized solar tracking in 
plants of 16 families growing in the arid 
regions of the southwestern United States, 
including both C3 and C4 species. In terms 
of total daily photosynthetic photon 
fluence, they estimated diaheliotropic 
leaves to be 38 per cent more effective in 
light interception than were fixed horizon- 
tal leaves, and an amazing 167 per cent 
more effective than non-tracking vertical 
leaves of random azimuth’. Relating these 


values of potential photosynthesis to actual - 


productivity indicates that diaheliotropism 
increases carbon assimilation by at least 
30-40 per cent, principally by enhancing 
photosynthetic rates in the morning and 
evening, when solar elevation is low and 
plant—water relations are favourable. An 
intriguing. example of the ecological 
advantage of heliotropism occurs with 
certain flowers in which solar tracking 
elevates the temperature within the floral 
parts, producing ` ‘solar furnaces’ which aid 
both pollinatio yn and seed development*. 





__ paraheliotropism, in which leaf laminae 
oe are ee ee to the Sun’ s TAYS, ensuring 


e ment: to diaheliotropism is- 


minimum absorption of radiant energy and 
consequent reduction of the heat load on 
the leaf with obvious benefits in times of 
water stress’. 

In contrast to the irreversible orientation 
of the leaves of compass plants — which is 
fixed during leaf development by a mech- 
anism that seems to involve photo- 
reception, since plants grown in the shade 
have randomly orientated leaves! — the 
leaf movement of heliotropic plants is 
reversible. Unlike stem phototropism, it is 
not the result of asymmetric growth; in 
most cases the movements are caused by 
specialized pulvinal — or ‘hinge’ — cells 
situated at the bases of leaves and/or 
leaflets, although some petioles appear to 
have pulvinal characteristics along most or 
part of their length. Changes in the ionic 
relationships between the pulvinal cells and 
their neighbours result in rapid spatial 
variations in turgor throughout the 
pulvinus region, causing movement of the 
dependent lamina’. The perception prob- 
lem, therefore, becomes one of under- 
standing how the direction of the Sun’s rays 
incident upon the leaf is transduced into 
internal signals which regulate the ionic 
characteristics of specific pulvinal cells. 

The general characteristics of diahelio- 
tropic movements are well-defined in a 
recent paper by Vogelmann and Bjorn on 
Lupinus succulentus'®. Typically, when 
they irradiated a leaf with a beam of white 
light directed obliquely at the upper 
surface, leaf movement began 30-60 min 
later, and reached a maximum rate of 
about 15° per hour. Importantly, 
irradiating the lower (abaxial) surface of 
the leaf caused no response. Using 
Lavatera cretica, Koller had previously 
shown experimental rates of movement of 
more than 90° per hour, far greater than 
the minimum required to track the Sun!'. It 
is also interesting that a beam directed from 
the base to the tip of the leaf causes it to 
rotate upwards, whilst the opposite orien- 
tation of the beam causes downward rota- 
tion; in both cases, the adaxial epidermis 
comes to lie perpendicular to the beam". 

The perception of vectorial stimuli by 
plants is a particularly perplexing problem. 
Haupt and Feinleib have put forward two 
possible scenarios: either each sensor cell 
perceives the direction of the stimulus and 
the resultant intracellular gradients are 
integrated within the organ during trans- 
duction, or different sensor cells are stimu- 
lated differently because of the directional 
nature of the stimulus and the intercellular 
gradient is transduced to the orientation 
response!?. For heliotropism it is not yet 


possible to distinguish between these two | 
possibilities and a satisfactory hypothesis 


for vectorial photoperception does not exist. 
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, To find even a promising. idea it is 
necessary to go back 70 years to the work of 
| Haberlandt'*, who was far ahead of his 
time in so many fields of plant physiology. 


Studying the relationships between 
structural anatomy of plant cells and their 
evident functions, he described the wide- 
spread occurrence of papillose epidermal 
cells — surface cells which are raised more- 
or-less into the shape of a dome but in 
which the inner walls are flat and parallel to 
the leaf surface. Such cells act as surface 
lenses and concentrate perpendicular light 
into a central illuminated zone of the inner 
wall, leaving the outer parts and the 
flanking walls comparatively dark. 


Haberlandt originally thought papillose 


epidermes concentrated light on to the 
photosynthetic mesophyll cells but later 
came to regard them as ‘the optical sense- 
organs of foliage-leaves’'*. By ingenious 
experiments on surgically removed 
epidermes he showed that bright spots 
could indeed be visualized in positions 
corresponding to the papillose cells, and he 
was even able to focus the image of a micro- . 


scope stand using the particularly bulging a 


cells of Anthurium warocqueanum. By 
wetting one portion of a heliotropic leaf 
with a thin film of water, separating it from 
the remaining dry portion by a black paper 
screen and exposing each to an oblique 
beam of light, Haberlandt showed that the 
leaf always orientated itself preferentially 
in response to the stimulus received by the 
dry region. This is exactly what would be 
predicted were the epidermal cells acting as 
condensing lenses. Oblique illumination of 
the epidermis results in a relative darkening 
of the central region of the inner wall and a 
relative brightening of part of the flanking 
regions — sufficient, perhaps, to estabish 
the intracellular gradient which may be the 
prelude to the movement of the leaf. Little 
modern evidence on the epidermal ana- 
tomy of solar-tracking leaves appears to 
exist, although the prevalence of papillos 
epidermes in petals has been highlighted by 

Kay et al. who see their importance more 
in terms of light reflection than light 
perception. Perhaps a return to the ideas 
and methods of Haberlandt would prove 
illuminating, in more ways than one. 5 
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from William D. Hardy Jr 


PET cats develop retrovirus-induced 
lymphoid malignancies more frequently 
than any other mammal. The aetiological 
agent of feline lymphoid tumours is the 
feline leukaemia virus (FeLV), a highly 


contagious chronic leukaemia virus that | 


induces both FeLV-positive and FeLV- 
negative lymphosarcomas. Like other 
chronic leukaemia viruses, and in contrast 
to acute leukaemia viruses, FeLV does not 
possess a transforming gene (oncogene) 
and induces leukaemia only after a long 
period of latency. But among the chronic 
leukaemia viruses of mammals, FeLV has a 
unique propensity to recombine with a 
variety of cellular sequences, thereby being 
converted into a variety of acute 
A transforming feline sarcoma viruses 

distinguished by the oncogene they carry. 
Now, on pages 814, 853 and 856 of this 
issue of Nature, three independent groups 
report finding defective FeLV proviruses 


containing the myc oncogene in the DNA . 


of 8 of 58 pet cats with naturally occurring 
FeLV-positive thymic lymphosarcomas and 
provide some evidence to suggest that a myc- 
containing leukaemia virus may be trans- 
mitted contagiously between cats!-}. If so, it 
would provide the first example of a 
naturally occurring oncogene-carrying 
leukaemia virus of mammals. 

All acute transforming sarcoma and 
leukaemia viruses have been identified and 
isolated by virtue of their ability to trans- 
form fibroblasts and/or haematopoietic 
cells in culture*. Since FeLV derived from 
eline lymphosarcomas does not transform 





probes and Southern blot analysis to study 
the cat c-myc locus in lymphosarcoma 
DNA'?. In order to show that the novel 
myc sequences found were encapsidated in 
functional viruses the Neil! and Mullins? 


groups inoculated feline embryo cells | 


either with supernatant from cultured 


thymic lymphosarcoma cells or with blood. 


plasma from cats with thymic lympho- 
sarcomas. After inoculation the DNA of 


the embryo cells was extracted and digested- 


with the restriction enzyme Kpnl. Since 
myc fragments of proviral origin can be 
distinguished from those of the cellular 
anye gene, it was possible to prove that the 
“-embryo-cell DNA contained myc 
sequences that were derived from viruses in 
the supernatants or plasma even though the 
cells showed no evidence of morphological 
transformation. This finding raises the 
possibility that myc-containing FeL Vs may 
be transmitted contagiously among pet cats 






rather than generated de novo in each case. | 
It should be noted that the occurrence of | 
. myc-containing FeLVs varied markedly! . 





fells in vitro, the three groups used myc. 
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between the three studies. Neil’s group | 


found evidence of c-myc alteration in four 
of nine naturally occurring FeLV-positive 
lymphosarcomas, in one of seven FeLV- 


negative lymphosarcomas, in two of three. 


T-cell lymphosarcoma cell culture lines and 
in two of four experimentally induced 
thymic lymphosarcomas!' whereas the Levy 
and Mullins groups, combined, found 
myc-containing proviruses in only three of 
sixty-one naturally occurring lympho- 
sarcomas’. These variations may rep- 
resent the different extent of contagious 
spread of such viruses in Scotland! and the 
United States*, or the selection of certain 
tumour types (thymic lymphosarcomas) by 
the Scottish group and not by the others. 
Most naturally occurring leukaemias of 
animals are caused by contagiously 
transmitted chronic leukaemia viruses. 
Although the chronic leukaemia. virus, 
avian leukaemia virus, induces bursal 
lymphomas in chickens via integration 
close to, and activation of, c-myc‘ (which, 
in some way, leads to activation of asecond 
oncogene, B-/ym*), there is so far no 
evidence of oncogene activation by a 
chronic leukaemia virus in any naturally 
occurring mammalian leukaemia. In one 
mammal, the mouse, however, there is sug- 
gestive evidence of a related process in the 
form of env gene recombinant chronic 
leukaemia viruses. Three classes of murine 
leukaemia viruses. (MuLV) can be dis- 
tinguished on the basis of their host range 
in tissue culture which is determined by the 
viral env gene’. These are: ecotropic, which 
replicate only in murine cells; xenotropic, 


which replicate primarily in heterologous. 


cells; and mink cytopathic focus-forming 


(MCF) viruses, which. replicate in both 
murine and heterologous cells. 


MCF 
viruses are recombinants: between eco- 
tropic MuLV and endogenous eny 


sequences related to xenotropic viruses®.? , 
DNA of embryo AKR mice (high Jeu- 
- kaemia strain) contains about 10 non-tan- | 
dem copies of intact MCF-like env gene 


sequences with a proviral structure!®. In 
spontaneous AKR thymic lympho- 
sarcomas, these MCF-like env sequences 
are regularly found to have recombined 
with a specific region of the 3’ end of the 
ecotropic env gene. This specific recom- 


bination appears to be the proximal event | 


in the induction of AKR lymphomas and 
chronic viraemia is probably needed to 


generate the leukaemogenic MCF recom- 


binant virus. 
There is recent intriguing evidence for 
the existence of MCF-like env gene recom- 


binant FeL Vs. Elder and Mullins have 
shown a PRE resemblance between the 





these exogenous sequences cannot. be 
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nucleotide sequences of the T genes : 
of subgroup FeLV-B anda Moloney virus- 
derived MuLV MCF virus". Both FeLV-B- 
and MCE-MuL V bi can inf sct cells of various : 


















uninfected cats contains mü ip 
sequences that are related to the: genom of 
contagious exogenous FeLV!2!4, alth 








induced to become infectious viral par- 
ticles'?. Recently, the endogenous : 
sequences have been shown to be signifi- 


cantly shorter than the exogenous infec- 
-tious FeLV genome!’ but withonlya small 


deletion in the eny region. It is possible that 


` these endogenous env sequences may re- 


combine with exogenous FeLV and form. 
recombinant FeLV-env gene products. eee 
Recent data! from this institute Suggest — 
recombination of that type as the best ex- 
planation for the presence of the FeLV- 
induced tumour-specific antigens on the 
cell surface of all feline lymphosarcomas!”. 
It is tempting to speculate that theremay __ 
be a relationship between the generation of fen 
env gene recombinant FeLVs and onco- 
gene activation. In this regard, Cloyd has 
found that lymphomagenic MCF viruses of 
thymic origin, AKR-247 and C5811, repli- 
cate selectively in immature lymphocytes 
present only in the thymic cortex of mice!®.. 
One might postulate that similar env gene 
recombinant FeLVs infect only a subset of 
lymphocytes, those with specific receptors 
for the protein products of the. recom- 
binant genes, and that integration of the 
FeLV provirus in members of this subset 
might lead to leukaemogenesis by 


-activation or alteration of c-mye or some 


other cellular oncogene. Further studies of. 
FeLV-induced lymphoid tumours of pet 
cats may give us a clearer picture of the 
importance of oncogene-containing acute 
leukaemia viruses and. env gene recombi- 
nant chronic leukaemia viruses in leukae- 
mogenesis. g 
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More numbers coincide 


SIR — In the correspondence from Marcus 
Gossler | we are informed that, in the event 
of the statistical evidence being sufficient, 
“the numerological result has to be taken 
seriously and cannot be dismissed by any 
non-mathematical reasoning’’. However, I 
think it also reasonable to point out (and I 
am sure all concerned would agree) that, 
although any such statistical evidence 
would undoubtedly give cause for the 
results to be taken seriously, any proof of 
physical significance can only rely on the 
verification of predictions arising from the 
said? results. 

I also think it reasonable to retract the 
statement, made in my article’, that ‘‘I 
would. state categorically that coincidence 
is ruled out’’, as it is purely personal opi- 
nion and not based on any statistical 
analysis of the results. At the same time I 
would state my view that the commentary 
by John Maddox? is also largely a matter of 
personal opinion, though its critical view- 
point was only to be expected in view of my 
“categorical” conclusions. 

In the absence of any analysis of a verifi- 
able statistical nature, my best defence lies 
in various new results I have produced. 
These undoubtedly increase the statistical 
evidence in favour of there being some- 
thing to take seriously, although just exact- 
ly what that something is remains no less a 
mystery than in my original results. 
Perhaps it is best just to present the results 
and let readers decide for themselves. 

My results are primarily based on a 
system in which the proton mass is re- 
presented as n° and the electron mass as 
n/6. One point worth bearing in mind 
(something I failed to raise in my article) is 
that 2/6 is the volume of a sphere of unit 
diameter. 

In these units I note that 
Mu = cube of harmonic mean of mand n? (1) 

Result (1) is quite accurate, the values be- 
ing 108.262 and 108.264 respectively. 

It is obvious, of course, that the most 
hopeful candidates for significance are 
those results that are independent of any 
choice of mass units. One such result now 
follows and, paradoxically, it will be seen 
(from the next few results) that it does have 
a direct bearing on my choice of units. 


Where R is the radius of a sphere whose 


volume is equal to the mass (in any units) of 

a particle (for example Rp is that radius for 

the proton, and Rn? is that radius for the 

particle pi-zero). 

. fn (Rp- Rn) = n(Rn°)? = mM (2) 
‘The accuracy of result (2) is such that the 
left-hand expression (volume of a sphere of 

‘radius Rp - Rn?) is just 1.0000059 times the 
two right-hand expressions. 


Whatever one makes of results (1) and 


(2), I feel that there can be few critics who 
would not agree that the following result, 
in view of results (1) and (2), should pro- 


vide (in the event of a statistical analysis) | 
sufficient 1 ground; for my “theory” to be 














taken seriously. | 
For a value of n‘ for the proton mass, 
Rp—Rn® = 2.9146418 (3) 
harmonic mean of nande = 2.9146474 
There may be a connection between 
results (2) and (3) and 
ef= nitr’ (4) 
The accuracy of this result is such that 
e®-(n5+n4) = 0.000017 
Result (4) means that result (1) can be ex- 


pressed as 
My = (2n°/e)? (5) 
These are a few of the more interesting 
new results I have produced. Result (4) 
means that the array of powers of n in my 
article? can be expressed, fairly accurately, 
in terms of the value e as well as n. The 
above is not a full list of all those new 
results that I consider to provide the basis 
of the evidence in favour of my hypothesis 
being taken seriously, and I suggest that 
anyone wishing to know of the other results 
should contact me at the address given. 
Even if one considers the evidence 
(which at this stage can only be of a 
statistical nature) to be sufficient, there re- 
mains the problem of the lack of any 
predictions arising from the results. I there- 
fore have to be objective, and agree with 
John Maddox? that it is one thing for the 
results to be ‘‘successful’’ (statistically) but 
quite another matter to prove that this suc- 
cess would make us ‘‘any wiser about the 
way matter is constituted’’. 
PETER STANBURY 
Flat 2, 3 Ferndale, 
Tunbridge Wells, 
Kent TN2 3RL, UK 
1. Gossler, M. Nature 306, 530 (1983). 


2. Stanbury, P. Nature 304, 11 (1983). 
3. Maddox, J. Nature 304, 11 (1983). 





Inverted logic 


Sır — In his comment on perception of 
relief in micrographs (Nature 306, p.428; 
1983), D.J. Cook has fallen victim to the 
very pitfall he sought to warn against. The 
replica image he describes as ‘‘correctly 
oriented” is upside down, and it is in fact 


his ‘‘inverted’’ picture which gives proper | 


perception of relief. Topographical detail 
in micrographs of this 
‘“lluminated” not by light but by depo- 
sition of an electron-dense metal, usually 


platinum. In a standard positive photo- 
graphic print, the custom is to orientate the | 


picture with the direction of metal depo- 
sition from the bottom so that black 
deposits of metal lie below the protruding 


objects they pile up against, and white 


shadows are cast above them. The brain 
will then correctly perceive such objects as 
projections because it assumes the black 
deposits to be shadows cast by light from 


above. If a photographic reversal tech- 
nique is used to produce a negative print, 
the white shadows cast by the metal can be- 


turned into black ones. This then enables 


| the <a to be ewed asif Tuminated by 
tight, that is, with the direction of metal 


| photomicrograph, the key to correct orien 


type is 





deposition from the top. In either type of 


tation lies in knowing from which directic 
the metal was originally deposited. This is 
simply done by reference to in-built 
markers of known topography, for exam- 
ple, the particles that cover freeze- 
fractured membranes. 

The ‘‘series of channels” described by 
Cook are, in reality, a network of ridges. 
They come from a tight junction viewed on 
the half-membrane sheet left attached to 
the cell’s protoplasm after splitting the 
membrane by freeze-fracture. 

N.J. SEVERS 
Cardiothoracic Institute, 
2 Beaumont Street, 
London WIN 2DX, UK 


@ D.J. Cooke replies —- I accept Dr 
Severs’ comments, which endorse my 
original point. Several times recently I have 
been misled or irritated because electron 
micrographs have been presented in such a 


way that the immediate percept of relief + 


was incorrect. I therefore sent the letter in 
the hope that I could influence contribu- 
tors to Nature to orient their electron 
micrographs in a “top lit” configuration 
which would elicit the correct perception of 
surface relief. I feel this would help those 
who read articles in Nature which include 
electron micrographs but who do not use 
electron microscopy themselves and I in- 
clude myself in this category. 

The illustration I used was not an 
original electron micrograph but from a 
book and was chosen as a good specimen of 
this particular relief reversal (channel to 
ridge and vice versa). 

It now appears that I inadvertently chose 
a better example than I previously thought 


since the original publication was just such. 





an inverted image. My comments in the let- 
ter referred to the orientation as originally 
published, the left-hand photograph being 
the same as in the book, as can be seen from 
the lettering, while the right hand 
photograph corresponds to the book being. 
inverted. D.J. Cook — 


School of Pharmacy, 
Portsmouth Polytechnic, 
Portsmouth POI 2DZ, UK 
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SPRINGBOOKS 


n recent years study of the history of science has been transformed. 
Colin Russell discusses the change in attitudes. 


FOR most working scientists, excursions 
into the history of science are rather like 
eating Easter eggs: a harmless amusement, 
enjoyed by the very young and the very old, 
but strictly for holidays. Heroic tales 
from the past glories of science have long 
been deemed appropriate for youthful 
readers, and much history of science 
has been written by elderly, if not 
retired, scientists with half an eye on 
their own niche in the hall of fame. In 
fact both these characterizations of 
history of science — juvenile improve- 
ment or geriatric propaganda — are 
really caricatures. But if once they 
were partly true they are mercifully so 
_ no longer. 

+ In the past 25 years or so, study of 
the history of science has changed out 
of all recognition. In a word it has 
been “‘professionalized’’. It is taught 
in several hundred universities in the 
Western world. A new breed of 
professionals, equally hungry for 
knowledge and anxious to display 
their skills, sustain a whole range of 
specialist journals and societies. 
Whatever be the causes (and they are 
complex), the professionalization of 
history of science and history of tech- 
nology has not only given the subject 
its most substantial boost so far but 
has also posed new problems. 

The raising of professional 
standards of scholarship really does 
mean that the ‘‘old”’ history of science 
is no longer adequate. It simply will 
t do, for instance, for books to be 
‘produced without references, 
adequate documentation or an index. 
Popular works that ignore such aids to 
the reader will have only the most 
limited value nowadays. 
Archimedes’s bath, Newton’s apple 
and Wohler’s destruction of vitalism 
are myths (and clichés) best forgotten 
in the light of modern scholarship. But 
these are relatively trivial matters. One of 
the rudest words which the new profes- 
sionals love to apply to what they see as 
outmoded history of science is 

“Whiggish”. To indicate the depth of 
appprobrium associated with this 
apparently mild epithet, let me give an 

example. 

In 1899 one H.W, Picton published The 
Story of Chemistry, complete with a com- 
mendatory preface from Sir Henry 
Roscoe. Chemical history was divided into 
nine periods, the first four taking us up to 
the middle of the eighteenth century. The 
next three were: “The Childhood of 
_ Truth’’, “The Conflict with Error” and 








“The Triumph of Truth”. Picton saw 
chemical history as the inexorable, if 
gradual, conquest of error (which he called 

““mysticism’’) by truth. Those, like the 
phlogistonists, who opposed and retarded 
the emergence of the true oxygen theory of 
combustion, were given short shrift. The 









ne ete 


“Doctor Phiogiston, The Priestley Shaan or ie Political 
Priest!’? — Joseph Priestley in caricature (1791), a man in 
whom science, politics and religion were inextricably mixed. 


| fact that, at the time, they had the most 


cogent reasons for believing what they did 
is irrelevant. They were wrong — but only 
in the light of later research. Such history, 
written from the vantage point of modern 
science, offers no real insights as to why 
things happened as they did: it explores no 
intellectual culs-de-sac; worse still it makes 
no serious attempt to get inside the minds 
of those who were wrestling with most 
fiendishly complicated problems; and 
embedded within it is the unspoken 


assumption that truth will out some day, | 


and that scientific progress is inevitable. In 


this respect its writers show a remarkable | 


similarity to the Whig historians, who saw 
world history as leading to the ultimate 


establishment and triumph of the B: 
Empire. 

Picton was quite typical of his time 
history of science still has its own bran 
Whigs. These continue to present science i 
triumphalist terms, very flattering to the 
scientific community but curiously devoid: 






of any inkling that science might — just 
might — be unable to control its own des- 
tiny and that of the human race. Wasnota 
most successful television series entitled 
The Ascent of Man? Yet this was, as Pros oo 
fessor S.L. Jaki has reminded usin Angels, o 
Apes and Men (Sherwood Sugden, 1983), 
‘an old shoe stitched together with — 


Darwinian inconsistencies” (p.61). 
Claiming to derive values from facts, 

it seemed blissfully unaware of the 
culturally generated assumptions in 
the mind of Darwin and his followers, 


some respects the Whigs are perfectly. 
right. The scientific method does, if. 
properly applied, expose errors and. 
lead to an ever greater apprehension 
of truth about nature. It is a very per- 
verse historiography that ignores that- 
fact. But it is equally perverse to- 
imagine that the practitioners of- 
science operate in a cultural vacuum. 
They, and we, are affected by the pre- 
vailing climate of opinion and this will 
have a profound effect on how science 
is perceived. Isaac Newton had only 
one head. The same brain which pro- 
cessed the theory of universal 
gravitation also preoccupied . itself. 
with matters of state, with personal 
problems in his family, with specu- 
lations about alchemy and with great 
issues of Biblical study and theology. 
Itis foolish to imagine that Newton or 
anyone else could compartmentalize 
his intellectual life to such an extent 
that his science was completely 
autonomous. If we really want to 
: f: understand how science developed we 
“3 = Shall ignore its wider context at our 
= = peril. This is one pitfall mercilessly 


a oe Z exposed by contemporary work in 


2 history of science. 

In stepping gingerly round this one, 
however, we are in imminent danger 
of falling into another. Given that the 

history of science can only be understood ina 
mature way by taking into account all kinds 


of other influences, the subject becomes i 


fair game for those who have an ideological 
axe to grind, consciously or not, Thus some 


Victorian writers, intoxicated with theidea . oe 


of progress and unimpressed by the fili- 


bustering of the established church inthe 
_wake of Darwinism, rewrote the history of -> 
science in terms of a conflict between _ 


science and religion, whose outcome wasas ` 
inevitable as any good Whig could expect. 
One particularly notorious work of 1875; 
History of the Conflict Between Religio 
and Science by the American pioneer j 
photochemistry J.W. Draper, was-still 
print a year or two ago, as was its less; 


The difficulty, of course, is that in © 
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olic successor of 1895, A History of the 
Warfare of Science with Theology by A.D. 
White of Cornell. These books represent 
the fag-end of a tradition which, if no 
longer alive and kicking, is still able to 
display some vestigial traces of animation. 
Today historical justification for that 
position is amazingly hard to justify. H is 
widely accepted on all sides that, far from 
undermining it, science is deeply indebted 
to Christianity and has been so from at 
least the Scientific Revolution. Recent 
historical research has uncovered many 
unsuspected links between scientific enter- 
prise and Biblical theology. The ‘‘conflict’’ 
model is not just a harmless anachronism. 
It is truth standing on its head. 

Or again, an early Marxist view of 
Newton purported to explain his Principia 
largely in terms of social and economic 
forces. Since then various attempts have 
been made to reduce science to a social epi- 
phenomenon and nothing more. Probably 
on account of their huge if unspoken 
assumptions, historical essays of this kind 
have not been conspicuously successful. 
Such crudities carry little weight today, yet 
they can remind us of more subtle ways in 
which our own presuppositions can 
nurture a distorted view of the history of 
science. In a recent lecture published in the 
Times Higher Education Supplement 
(2 March 1984), the Oxford historian of 
science, A.C. Crombie, has warned us 
against ‘‘politicized historiography’ as 
fiction disguised as truth. Its ultimate 
condemnation is that it aims ‘‘to promote a 
party line. . . by exploiting the trust upon 
which a true republic of letters must rest’’. 
Whether this exploitation is from the 
political right or left it is also the republic of 
science which is in danger, and the threat 
must be taken seriously. Whether perfect 
objectivity can ever be obtained in science 
or history is another matter. But it’s not a 
bad thing to aim for. 

If modern history of science has exposed 
some of the old pitfalls in a new light it has 
also invented some of its own. Perhaps the 
most obvious transformation in recent 
years is that, in some areas, history of 
science is no longer fun. The feeling seems 
to be abroad that the hallmarks of scholar- 
ship must be an over-serious, if not ponti- 
fical, exposition. If the reader is bored out 
of his mind, that is his fault, not the 
author’s. This is a great pity because many 
of the insights so painfully won and 
meticulously documented are of real 
importance for those who practise, teach 
or administer the sciences. Fortunately 
there are still many distinguished scholars 
whose lucid writings confound these 
criticisms and make excellent reading. But 
there are some who don’t, and that is a pity. 

Perhaps the biggest danger of profes- 
sionalization lies in its exclusiveness. There 
is a tendency in some quarters to cultivate a 
language and style that is all very well in 
internal communications but not at all 
helpful if a wider audience is addressed. 


Articles replete with personalized 





opinions, with footnotes longer than the 
text, with arcane references to 
“paradigms”, “‘hegemony’’, ‘‘cultural 
legitimation” and so on cut little ice with 
those outside the favoured circle. Sadly, I 
can offer little encouragement to writers of 
such material that their work commands 
attention from the many active scientists 
who, nevertheless, may be quite interested 
in the origins of their subjects. 


At a conference some years ago to | 


celebrate the bicentenary of an important 
British scientist, papers were planned 
about his literary work, his reforming 
ideals, his public lectures, his institutional 
affiliations — even his sporting life! Only 
as an afterthought was anything proposed 
concerning his science, though that was the 
single reason for his importance. Instances 
like this can be multiplied. They arise when 
a rightful concern with the context of 
science has been extended to an almost 
monomaniac obsession, to the virtual 
exclusion of its content. The effect is 
simply to alienate large numbers of 
potential readers whose interest is 
primarily in the science itself. But does it 
matter? 

Certainly it does. Science without its 
history is like a man without a memory. 
The results of such collective amnesia are 
dire. Inchemistry, for instance, most of the 
great histories over the past 200 years were 
not written, as is often alleged, by chemists 
in their dotage, but rather in their prime of 
life. At least they thought historical studies 
conveyed some of that most desirable com- 
modity ‘‘relevance’’. And so they do. They 
help us to understand something of the 
forces, internal and external, which 
fashion the shape of science, whether in the 
structure of scientific theories, the nature 
of experiments, the influence of religion or 
politics, the role of education and so on. 
They can save us from the bankruptcy of 
Whiggish triumphalism. They can add to 
our teaching a human dimension that can 
demonstrably reduce the alienation from 
science displayed by many young people in 
recent years. And, in rare cases, they can 
even assist us at the laboratory bench. 
Remember Lord Rayleigh and the inert 
gases? 

The history of science was once 
conceived as part of science. Quite rightly, 
recent historians have come to see that it is 
also an important part of history. I believe 
that it is part of both. It has recently been 
argued that German history of science has 
failed to progress beyond narrow scientific 
confines, and to address itself to a wider 
audience of historians, sociologists and 


others. In the English-speaking world, | 


however, we appear to suffer from the 
opposite malaise. So far has our pendulum 
swung towards history that we often fail to 
communicate with the world from which 
our subject sprang: the world of science 


itself. For historians to suppose that this | 
does not matter would seem to imply a 
most curious evaluation of their own work. 


It almost suggests that modern science does 








not need to take into account its origins and 
that it would have happened anyway. That 
is the most Whiggish philosophy of all! 
However, there are signs that a ne 
synthesis is emerging and the reluctance | 





“Newton with his prism and silent face’’, the 
personification of scientific abstraction. The 
first seven words are those of Wiliam 
Wordsworth, describing the Roubilliac bust in 
Trinity College Cambridge. 


consider issues internal to science itself is 
diminishing. In so far as this engages the 
interest of a new generation of potential 
scientists it is surely to be welcomed. 

One of the most encouraging signs of 
renewed interest amongst scientists is the 
emergence of historical groups within the 
larger scientific societies. For some years 
such groups have existed for chemistry, 
astronomy and one or two other sciences. 
Now they are enjoying a new prosper- 
ity, and they are being joined by analogues 
in the life sciences, geology and other sub- 
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„Maser and Fellows of Trinity College Cambridge. 


jects. In my experience some of the most. 


stimulating, enthusiastic and perceptivyg 


discussions in the history of science have 
taken place in such settings, both in Britain 
and elsewhere. 

A recent celebration of the 250th anni- 
versary of the birth of Joseph Priestley 
drew capacity audiences. They listened to 
historical papers ranging from Priestley as 
a victim of political caricature, through the 
relations between his theology and his 
chemistry, to the growth of pneumatic 
chemistry and the techniques available for 
gas analysis. This was in the middle of a 
highly technical, scientific conference. It is 
not in the least unique and is simply one 


illustration of two most desirable trends... 
now discernible in the history of science’ 








that it must be fully alive to the cultural | 


context out of which science developed, 
and that it must also be earthed in the 
practice and theory of the science whose 
development it seeks to describe. 0 
Colin Russell is Professor of History of Science 
and Technology at the Open University. His 





most recent book is Science and Social Change. 


1700-1900 ¢Macmillan/St Martin’s Press, - 
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In between psychology 





N. Johnson-Laird 











In Search of Mind: Essays in Autobiography. By Jerome Bruner. 


Harper & Row: 1984. Pp.306. $19.25, £14. 





THE imaginary line that divides the two 
cultures runs through the middle of 
psychology. On one side lies a science that 
aims to explain the mechanisms underlying 
behaviour and the mind. Its practitioners 
propose explicit theories, often modelled in 
the form of computer programs or axiom- 
atized within a formal calculus, 
and attempt to test them in 
controlled experiments on 
human beings or animals. On the 
other side is a more diffuse and 
older subject, sometimes called 
‘“‘humanistic’’ psychology. It 
assumes that the most important 
aspects of mental life may not be 

* open to scientific explanation. Its 
“practitioners are committed to 
human values, to the “growth” 
of individual personalities, and to 
the healing of sick or disturbed 
minds. 

For once, the grass looks paler 
on the other side of the fence. The 
scientists perceive their 
humanistic colleagues as ideal- 
istic and soft-headed social 
workers, whose ideas take far too 
much for granted, and who seem 
uninterested in submitting them 
to experimental test. The 
humanists see their opposite 
numbers as hard-nosed but short- 
sighted scientists wedded to the 
experimental investigation of 

‘trivial phenomena such as the 
Mistribution of reaction times to 
simple visual stimuli. In fact, the. 
line of demarcation is not a sharp 
one, but a shifting boundary 
between two regions in imminent 
danger of total dislocation. What 
is remarkable about Jerome 
Bruner, the author and protag- 
onist of this book, is that he 
straddles the divide. 

Bruner tells the story of how a bright 


middle-class New York Jewish boy, who | 


was blind for the first two years of his life, 
grew up to become a world-famous 
psychologist. His very first experiment was 
gan unwitting childhood replication of 
“Edmund Gosse’s attempt to demonstrate 
the consequences of idolatry. Gosse knelt 
and worshipped a chair in the expectation 
of being on the receiving end of a thunder- 
bolt. Bruner questioned the existence of 
God, and adopted a more direct procedure. 





In the middle of a thunderstorm, he 
challenged the Almighty to strike him | 


down. Gosse reports that his religious faith 
| Survived unscathed but henceforth he put 





less trust in the testimony of his father. 
Bruner with hindsight also offers a 
Freudian interpretation of his experiment, 
though it may be significant that he later 
ran into trouble at college for refusing to 
attend compulsory chapel. 

Few people of Bruner’s generation 





probably set out to be psychologists. He 
tells us that he “landed in” the discipline 
because of the place (Duke University), the 
people (Berlin-trained Gestalt psycho- 
logists) and the times (the 1930s). The 
initial brush with Gestalt psychology con- 


tributed to his later success, because the 


United States was then dominated by the 
intellectual isolationism of the Behav- 
iourists. They were so hard-headed about 
scientific psychology that they took the 
mind to be a ghost in the machine, which 
could be exorcised by the proper study of 
nerve, muscle and behaviour. Bruner never 


succumbed to. Behaviourism, and he was to. 








take a central parti in the two major, and 








related, revolutions in. American peyeho- 
logy: the recovery of the mind as a respec- 
table topic for scientific i investigation, an 
the re-discovery of the role of unconscio 
mental processes. 

Bruner began by setting a new fashion 
the study of perception, the so-calle A 
“New Look”. He and his colleagues 
carried out a series of experiments showing _ 
that people’s desires, attitudes and. expec 
tations can affect the way they see the 
world. For example, children over- 
estimate the size of coins, and children 
from poor homes make a greater error than. 
those from affluent ones. Other studies 
showed that an emotionally charged word 
sometimes takes very much 
longer to recognize than a more 
neutral word — as though the 
perceptual system defends the 
perceiver from the unpleasant- 
ness associated with the word. 
Such a result still strikes some 
psychologists as too paradoxical 
to be believed — how could a 
word be threatening unless it 
was recognized? — but it would 
hardly have surprised 
Helmholtz, who believed that 
perception was an unconscious 
process culminating in conscious- 
ness. The ‘‘New Look” gave rise 
to a long methodological 
wrangle, but it established 
Bruner’s reputation. Never one 
to present a stationary target, he 
turned to the study of thinking, 
and started a new fashion for 
experiments on how people form 
concepts defined in terms of the > 
conjunction or disjunction of = 
properties. When he and George 
Miller set up the Harvard Center 
for Cognitive Studies at the 
beginning of the 1960s, the mind 
had finally been given back to 
American psychologists as a 
necessary topic for scientific 
investigation. 

Despite his central role in these 
affairs, Bruner retains some scep- 
tism about a full-blooded: 
scientific approach. He writes: 
I think I am suspicious of ‘formal’ ee 
models of human behaviour cp LR 
theories couched exclusively in mathematical 
terms or in abstract ‘flow diagrams’. T have = 
always been sympathetic to the ‘metaphors of ~ : 
computation and information processing, but PERE 








| resistant to getting trapped in their necessary = 


measurement constraints. Perhaps. I feel that 
such systems of measurement trap you on their 5 
flypaper while you are still wanting to fly. Their ee 
precision exacts a very high price in hae or 
abandonment of imagination . ees 
Here, Bruner’s insight into himself- f ray 
have deserted him. It is a fallacy to ass! 
that theories modelled in the fe 
computer programs demand. any 
precise constraints on empirical mez 
ments than those couched in the 
ular. The real constraint of 












programs is that they do not allow the 
theorist to take too much for granted; this 
constraint can liberate the imagination. 
The truth is that Bruner has no taste for this 
- sort of theorizing, perhaps because he lacks 
- the necessary background. Indeed, at one 
point, he refers to himself as a *‘non- 
scientist’’. 

The danger of a dislocation between 
Bruner’s scientific and humanistic tenden- 
cies reaches a maximum in his essay on 
consciousness. He distinguishes its 
evolutionary origin as a ‘‘tool’’ for solving 
problems from its ‘‘ornamental’’ role as a 
vehicle fot “making visible the unseen, 
making possible the unimagined’’. He 


>. draws a parallel distinction between two 


- modes of discourse — the formal scientific 
mode, and the narrative mode of the poet 
and myth-maker. The essay itself jumps 


= from one mode to the other, its very form 


buckling under the pressure. 

After the triumphs of the “New Look”’ 
and the study of thought, which were both 
to launch a thousand experiments into the 
literature, Bruner shifted his attention to 
schools, and to the reform of the curri- 
culum, His best ideas were thwarted by 
politicians, but he nonetheless served to 
shape certain aspects of the educational 
system in the United States. Subsequently, 
he returned to the laboratory to investigate 
children’s cognitive development. As he 
candidly admits, his work here was too 
close to Piaget’s, and it was less well 
received. At the beginning of the 1970s 
after the Harvard Center had been 
disbanded, Bruner, always ready to move, 
came to England to the Watts professor- 
ship of psychology at Oxford. One of the 
most absorbing essays in the book 
describes his life in universities, and 
compares Harvard and Oxford to the 
latter’s disadvantage. In retrospect, one 
can see that although the Oxford intel- 
lectual milieu suited him, the department 
of psychology did not. It lay entirely on the 
scientific side of the border, whereas he 
retained his scepticism. Ultimately, bored 
by ‘‘Bruner-bashing’’ seminars, he 
returned to the United States. 

Although Bruner has written a number 
of widely praised books, this one is his best. 
Its success rests on two factors. One is 
Bruner’s talent for being at the centre of the 
cognitive revolution. The other is his skill 
in re-creating on paper his own personality 
` and cast of mind — a vivid, and very 
_ unEnglish mixture of passion, restlessness, 

gregariousness and intellectuality. He is 


indeed an intellectual first, a psychologist 
second and a scientist third. His book is | 


bound to be widely read by psychologists; it 
should be read by anyone who wants to 
understand what has happened to Ameri- 


can psychology in thepast halfcentury. L 





P.N, Johnson-Laird is Assistant Director of the 
Medical Research Council’s Applied Psy- 
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The Planiverse: Computer Contact with a 
Two-Dimensional World. 

By A. K. Dewdney. 

Poseidon, New York: 1984. Pp.267. 
Hbk $16.95, pbk 39.95. To be 
published in the UK on 1] May by 
Picador, hbk £7.95, pbk £2.95. 
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ONE hundred years ago Nature published a 
review of Flatland: A Romance of Many 
Dimensions, Edwin Abbott Abbott’s 
classic tale of A Square, a two-dimensional 
creature who encounters a visitor from the 
third dimension. Now there appears a new 
book, The Planiverse by Alexander 
Keewatin Dewdney, hailed by the pub- 
lishers as a worthy successor to Flatland. 
For those of us who received our first 
challenge to think about lower and higher 
dimensions from Abbott’s little volume, 
this claim must be viewed with scepticism. 
Yet the claim is correct. 

Dewdney’s volume is a fable for our own 
time that will delight anyone who likes a 
good story and who enjoys a mind- 
stretching experience. Subtitled Computer 
Contact with a Two-Dimensional World, 
the book introduces us to ‘*Yndrd’’ 
(Yendred), a creature we meet only on the 







and the world of the observed lead to « 





i video screen of a professor of computer 
| science, Dewdney himself, and his team of 
students. The progressive encounters 


which intermesh the world of the observe 


amazingly rich description of Arde, a tw 
dimensional planet, complete with a well- 
developed technological society, worked 
out in fascinating detail. But this is no 
video game and still less a dry treatise on 
two-dimensional science. It is simul- 
taneously a fine tale of adventure, as we 
accompany Yendred on his trek in search 
of higher meaning for existence, and the 
story of Dewdney and his students as they 
become caught up in the experience and are 
themselves educated through their contact 
with Arde. 

The original reviewer of Flatland found 
some parts of the book tedious, as A 
Square went on at length about the physio- 
logy and psychology of perception, or 
described his society’s blinkered view of 
women’s education (an effective satirical 
device by Abbott, a distinguished school- 


master well known for his liberal leadership: 


in the cause of education for women) 2 
Similarly some readers of The. Planiverse 
will find parts of it slow going, even though 
the author has relegated many technical 
asides to special boxes or to an appendix. 
Yet the pace of the book gives assurance 
that each new chapter will present some- 
thing quite different, as the author strives 
to include material of interest to a wide 
range of readers — biology, astronomy, 





Yendred and his father go fishing 


“When the mast had been put up and all the gear and tackle made ready, we realized 
that the boat had no bow or stern as such. Being completely symmetrical about its mast, 
bow and stern could be determined only by which direction the boat was moving. This 
ceased to puzzle us when we realized that a two-dimensional boat could not ‘turn around’. 
«The mast of the boat has two sections, a stout lower section inserted in a well-braced 
framework, and a graceful upper section resting on this and held in place by two wedges or 
pegs. Two long ropes dangled from the top of the mast. There were lockers for food, tackle, 
and line, as well as two holds for the catch. At either end of the boat were oars. One of these 
was soon being pumped by Yendred’s father; the other was folded up to be used by Yendred on 
their return. Ingeniously designed, the blades of the oars were hinged so that when the rower 
pulled down on the handle and the blades stroked toward the rear, they formed a rigid paddle. | 
When the rower pushed up on the handle, the blades moved forward, folding out of the way so | 
as not to counteract the boat’s forward motion, (From The Planiverse.) 








| | 
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sociology, physics, art, engineering, 
religion, on and on. 

Indeed, when earlier work on a plane 
world was reported by Martin Gardner in 
«Scientific American in 1980, Dewdney 
ceived over one thousand letters so there 
no lack of enthusiasm for the subject. 
What is exceptional about the present book 
is that it brings all of us in to share the ex- 
citement of discovery of this new land. 





‘When Flatland first appeared, some readers : 
were disappointed that the author did not - 


consider in more detail the physical laws 
which govern such a two-dimensional world. 
A contemporary of Abbott, Charles 
Howard Hinton, published A Plane World 
in 1884 and later his own An Episode of Flat- 
land in 1907, trying in each to work out the 
scientific and technological implications of 
planar existence, Dewdney’s book is more 
a successor to Hinton’s work than 
Abbott’s, although some of the basic issues 
concerning artificial intelligence, and the 
interaction of the observer and the 
observed, parallel a number of the key 
questions in Flatland. The Planiverse, too, 
æ lacks explanation at crucial points. The 
“mechanism by which the original contact is 
established and maintained is certainly 
mysterious; the technique of ‘‘eaves- 
dropping’’, though effective in moving the 
story along, seems far fetched: and the 
description of perspective and ambiguity 
seems to ignore the fact that Ardeans are 
functionally binocular, at least when they 
turn their heads. It seems certain that the 
author will receive a great many more 
letters from readers who become intrigued 
by this enterprise. 

Names can also be a distraction. In 
Flatland Abbott used “A Square” and 
‘The Chief Circle” while Hinton’s all-too- 
human protagonists were “Laura Cart- 
wright” and “Harold Wall’. Dewdney’s 
creatures have unpronouncably exotic 

names — Tba Kryd, Kewbt and so on — 
“and they speak with a syntax reminiscent of 
‘that of Yoda in The Empire Strikes Back. It 
is difficult, apparently, to find a middle 
ground. 

But these points will not distract a reader 
who becomes gripped by the tale. The end- 
ing leaves us wanting more, and not fully 
understanding what we have experienced. 





At the conclusion of Flatland, the hapless 


narrator, A Square, in the cell where he 
has been imprisoned for his unorthodox 
higher-dimensional views, wonders if it has 
all been but the fabric of adream. Dewdney 
and his students at least have one another, 

but they too have to face the insubstantial 
„ading away of their contact with Arde as 
“the image of Yendred disappears from their 
screen. 

Flatland is more alive than ever after one 
hundred years. The Planiverse will take its 
place alongside that book as a worthy com- 
panion, treating us all to the challenge o 
other dimensions, — 0 
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Among the shifting 
sands: 

Science in its place 
David Bohm 


Critique of Scientific Reason. | 








By Kurt Hübner. Translated by Paul R. 


Dixon Jr and Hollis M. Dixon. 
University of Chicago Press: 1983. 
Pp.283. $27.50, £22. 





For several hundred years, scientific 
modes of reasoning have generally been 
taken as the proper forms for the expres- 
sion of knowledge, not only in science but 
in most other areas of study. In this book, 
Professor Hübner makes an important 
contribution to the growing questioning of 


science as a unique road to truth. By show- | 


ing how science is a special case within the 
larger sphere of human cognition, he not 
only brings out the limitations of scientific 
thinking but at the same time clarifies the 
basis on which such thinking is able to take 
place. 

Hübner begins by criticizing Kant’s 
notion that a priori categories, such as 
causality and reciprocity, present us with 
the necessary framework within which any 
experience at allis possible. He illustrates 
his point with quantum mechanics as a case 
study. In doing this, he cites the Bohr- 
Heisenberg approach, in which the quan- 
tum theory permits only transformations 
from statements concerning observables to 
other such statements without giving any 
notion as to how these transformations 
came about and as to what were their 
causes. This approach is then contrasted 
with my own proposals, made in 1951, of 
an alternative interpretation of the theory, 
in which the transformations could in prin- 
ciple be followed in detail and explained 


causally. From the possibility of having 
these two different interpretations in the 


same theoretical domain, it follows that 
neither the notion of causal principle nor 
that of an acausal principle is actually in- 
herent in what is. To assert either causality 


Or acausality as a principle of unlimited 
validity is therefore not justifiable. Rather, 


each of these positions is a methodological 
postulate, and considerations beyond 
those of scientific fact and theory are what 
actually make possible a decision between 
these alternatives, at any particular stage in 
the development of a science. 


I would like to remark in passing that I | 


think that Hübner is right on this point. 
(Indeed, I did put my own views rather dog- 
matically, but only at the beginning. Since 
then I have suggested that we use both 
interpretations to obtain a greater insight 
into the meaning of the quantum theory 


than is possible with one of them alone — 


see D. Bohm and B.J. Hiley Foundations 
of Physics 12, 1001; 1982). : 
Professor Hiibner then goes on to 





under consideration, but also as a wide 
- range of additional theoretical precepts, 
such as those having to do with the | 5; 
functioning of measuring apparatus and 
the allowable procedures for collecting and ee 





generalize these conclusions. He criticiz 
the notion of facts that stand by thems 
and shows that they all depend cruci: 
what he calls systems-ensemb € 
systems-ensembles are characterized 
certain kinds of presuppositions, which he 
terms precepts. These are contained no 
only as tacit assumptions of the theories 


admitting data. Even more important are 


the axiomatic principles (e.g: Euclidean . 
geometry), judicative precepts (i.e. rules. 


for accepting or rejecting theories) and 
normative precepts (such as causality. or: 


non-causality). These all have a certain @: 3 

priori character, and yet they differ from oe 
Kant’s notion of a fixed and universal a- pir 
priori, in that it is the historicalcontextthat 
determines them. As knowledge develops — 


these precepts are therefore constantly — 
changing. At first, this change merely ex- 


plicates what is implicit in the overall struc: 


ture of ideas. But from time to time, the 


entire system-ensemble undergoes aradical 


mutation (corresponding to what Kuhn 
calls a scientific revolution). In this pro- 
cess, there is no fixed and final truth that is 


_ being approached. After a long time, the 


systems-ensemble changes so much that 
what was recognized as a fact in an earlier 
system often has no place in the later 
system. Thus, mediaeval alchemical facts, 
based on the accepted precepts of the time, 
have, for the most part, no place in physics 
and chemistry. We may expect that, in a 
century or two, precepts may have changed 
so much that many of our own present-day 
facts will also have little or no place in the 
thinking of that time. 

Clearly, Hubner is here criticizing Karl 
Popper, who, he asserts, is leaving out the 
whole body of historically grounded 
precepts which Popper tacitly takes for 
granted in his attacks on historicism. 
Hübner further points out that, indeed, no 
theory can be falsified (or verified) except 
within such a system of historically based 
precepts. 

Hübner is not denying the role of the ac- 


_ tual experimental results and the creative 


insights of scientists, as they try todealwith — 
contradictions, within the particular — 


systems-ensemble in which they are work- 
ing. Rather, he emphasizes that even these > 


experimental results and creative insights 
have to work in a context that isdetermined 
by the total set of historically developed 
precepts that are part of the general back- 
ground of scientific thought of a given 
time. 

He then extends these notions to hi 
torical science and shows that, at botti 
is also based on sets of facts an 
growing in a context of hi 
developed precepts. This argumer 
to a comparison of the moder. 
and technological systems ~ en 
precepts, and those prevailin 
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earlier time when mythological precepts 
held sway. Hübner makes it clear that in 
those times the fact itself was expressed in 
terms of mythological precepts, and so was 
experienced in a very different way to that 
which is now common (e.g. art and the 
sacred were sensed as one and indivisible). 
This account of the nature of the difference 
is such that I, for one, was able for the first 
time to appreciate the significance of the 
mythological approach to life as a whole, 
and to see that within it everything is at least 
as consistent as it is in our approach 
through science and technology. 

Of course, Hübner does not expect us to 
return to a mythological world. However, 
he does suggest that sooner or later the 
world of science and technology will have 
to give way to a new world with a very dif- 
ferent system-ensemble of precept. In this 
way, he indicates that the problems of our 
present scientific and technological world 
(e.g. pollution, destruction of the environ- 
ment, creation of a meaningless way of life 
and so on) may dissolve away. On the other 
hand, within our own system, it is by now 
becoming evident that these problems can- 
not really be solved in any fundamental 
sense. 

Thus far I have dealt with only some of 
the main points treated in the book. There 
are further important criticisms of a 
number of scientific and philosophical 
theories in it, as well as a carefully 
developed historical account of how Kepler 
came to discover his elliptical orbits. This 


account not only illustrates Hibner’s. 


theses concerning the role of systems- 
ensembles. It also serves to raise the point 
that had Kepler followed Popper’s judi- 
cative precepts on falsifiability, he would 
have dropped his work long before it could 
have reached a successful conclusion. 
Thus, he argues, Popper’s falsifiability 
criterion cannot be universally valid. 
Critique of Scientific Reason makes a 
new and original contribution to the under- 
standing of how the development of know- 
ledge actually takes place. Doubtless, 
though, it contains features that can be 
criticized. For example, while Hübner 
claims that his own ideas are not in- 
separably based on precepts (as yet 
unstated), it is by no means clear this is 


actually the case. It is to be expected that 


some of those who have been criticized by 
Hübner will make rejoinders that further 
serve to show the limits of his work. For the 
present, | would only add that just because 
it shows the boundaries of scientific 


reason, his approach tends to make scien- 


tific research seem less significant and thus 
may tend to damp the passion needed for 


great and original scientific discoveries. — 


Nevertheless, it must be said that on the 
whole this book deserves very serious con- 


sideration, especially by scientists and. 


philosophers. G 
seercirase-nmteeeinemausasusamarcnnternster NEEE eaan 
David Bohm is Emeritus Professor of Theor- 
etical Physics at Birkbeck College, University 
of London. 
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Quantum Theory and Measurement. 

Edited by John Archibald Wheeler and 
Wojciech Hubert Zurek. 
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Wyar is quantum mechanics about? Is it 
about individual systems or about 
statistical ensembles? Is it about objec- 
tively existing entities, or about the results 
of measurements or about the sensations of 
the observers? 

There is no general agreement, and a 
reference book containing the most 
important papers on the conceptual 
problems of the subject has been needed 
for a long time. In Quantum Theory and 
Measurement, John Wheeler and 
Wojciech Zurek have tried to satisfy this 
need. They have selected forty-nine papers 
to illuminate the meaning of quantum 
theory as it is disclosed in the measurement 
process, among them the key papers of the 
magnificent Bohr-Einstein dialogue, the 
famous paper by Einstein, Podolsky and 
Rosen, and Schrodinger’s cat paradox (in 
an English translation). Most welcome are 
the hitherto unpublished lecture notes by 
Eugene Wigner on the interpretation of 
quantum mechanics, as well as a trans- 
lation of London and Bauer’s classic ‘“The 
Theory of Observation in Quantum 
Mechanics’’. A pleasant surprise are the 
papers stressing the engineering aspects of 
quantum measurements, specifically 
dealing with optical channels, quantum 
noise and non-demolition measurements. 

Why is the theory of measurements in 
quantum theory so controversial? Perhaps 
it is because our textbooks have uncritically 
adopted the pragmatic rules that working 
physicists required in the hectic time 
around 1928 in order to be able to use the 
new but yet incompletely developed 
quantum mechanics. In 1927, John von 
Neumann formalized not only the unitary 
time evolution given by the Schrédinger 
equation but also a second kind of state 
change which he supposed to occur during 
a measurement. This so-called projection 
postulate involves a projection of the state 
vector onto a subspace determined by the 
outcome of the measurement and is 
commonly referred to as the ‘‘collapse of 
the wave packet’’. Within the traditional 
formalism this collapse of the wave packet 


cannot be described by the Schrödinger | 
equation. This situation gave rise to severe 


philosophical disagreements and wild 
speculations. Even mind and conscious- 
ness have been evoked as a way out of the 
alleged paradoxes of quantum measure- 
ments: Since the view that quantum events 
do not exist in the absence of some 
observing mind is not to everybody’s 


SBOOKS 


| admissible but rather cheap way out of this. 


liking, many disquieted physicists 
abandoned the view that the task of science 
is to describe nature. One formally 


dilemma is to adopt a very narrow-minde 
positivistic or operationalistic viewpoint; 
claiming that all a theory can do is to 
describe and predict the results of measure- 


ments (that is, to adopt an ‘‘epistemic 


interpretation’). From this point of view 
the state vector is just a calculational tool, 
jt does not represent reality. In its most 
extreme variant, the referent of the theory 
is the mind of the observer. 

All the so-called paradoxes of quantum 
measurements depend crucially on the 
fiction of a “measurement of the first 
kind” (a measurement which is supposed 
to be instantaneous, repeatable and give 
sharp values). Faced with the strange 
consequences of the projection postulate, 
it is astonishing that so often the existence 
of measurements of the first kind is taken 
for granted. Allactual measuring processes 
we really understand today (nuclear 
magnetic resonance experiments, for. 
example), are certainly not measurements “> 
of this type, and they can be discussed 
without the projection postulate, In 
contradistinction, a full theoretical 
account of the traditional two-slit 
experiment is extremely complicated and 
out of the reach of our present abilities. Its 
consideration in terms of the collapse of the 
wave packet has only the status of a rule of 
thumb which should not be taken too 
seriously. 

As to this book, it is in my view most 
unfortunate that the editors have not 
concerned themselves with modern 
developments. Obvious omissions are the 
proof that in quantum mechanics 
repeatable measurements can only exist for 
observables with a discrete spectrum (that 
is, the projection postulate is irrelevant for 
the most important observables; Davies 
and Lewis, 1970; Srinivas, 1980); Holevo’S 
discussion of optimal quantum 
measurements (solving the old problems of 
the joint measurement of incompatible 
observables and the measurement of the 
time parameter); the generalization of the 
unitary time evolution to completely 
positive dynamical semigroups (which 
settles many questions of irreversibility in 
quantum mechanics); and the logical possi- 
bility that the referent of quantum 
mechanics is objectively existing individual 
systems (i.e. an ‘‘ontic interpretation” in 









| the sense of Scheibe, 1964). 


Every theoretical discussion of a realistic. 
laboratory experiment is a difficult unde 
taking. An axiomatic approach starting 
with some postulates about measurements 
(such as von Neumann’s projection 
postulate) can never do justice to the 
complex nature of actual experiments. 
From a modern point of view, the measure- 
ment problem of quantum mechanics is a’ 
problem of the interaction of quantum 
systems with classical systems. A classical 
system is characterized by a Boolean logical 
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Structure (or, equivalently, by a 
commutative algebra of observables). The 
essential difference between classical 
systems and quantum systems is not the 
w occurrence of Planck’s constant of action 

‘(classical systems may very well depend on 
= Planck’s constant) but the fact that 
quantum systems are entangled by 
Einstein~Podolsky~Rosen correlations. 
. This holistic feature of quantum mechanics 
may be difficult to grasp for a scientist 
educated in the classical Cartesian 
tradition. Thirteen well-selected papers of 
this collection document the experimental 
reality of the holistic non-separability of 
quantum systems, 

In order to understand measurements, 
we must understand the existence of 


classical subsystems in a quantum world. 
That is the main problem and a tough one. | 
If it is solved, a measurement can be des- 


cribed by a channel (in the sense of 


Umegaki) which transfers the state of the: 


quantum object to a state of the classical 
output system. Much research in this field 
has been done in the past decades and many 


Æ new important results are known. None of 
them is mentioned in the book. Equally 


disappointing are the commentaries. For 
example, in their ‘‘Guide to Some Further 
Literature” the editors say that Gleason’s 
theorem ‘“‘simplified the axiomatics of 
quantum mechanics”. Such a phrasing is 


grossly misleading: Gleason’s theorem is a. 


conceptually important result explaining 
why linear functionals can be used to 






regretted, 






describe quantum states. Another example 
of the editors’ disregard of present research 
is to do with the irreversible behaviour of 
some quantum systems. The reprinted 
papers deal with ergodic properties and are 
certainly of historic interest, but helpful 
comments are lacking. I think it should 
have been the editors’ duty to inform the 


non-specialist why ergodic properties alone. 
are irrelevant and why one has to require 


stronger mixing properties. 
In an anthology of this sort, some 
arbitrary decisions are unavoidable, But 


still it is hard to understand why the editors 


decided not to reproduce the thoughtful 
and masterly ‘“‘Quantum Physics and 


Philosophy,. Causality and Complement- |. 
arity” by Bohr (1958) and “On the Inter- | 
pretation of Quantum Mechanici aby is 


Fock (1957). 


Although the many omissions may be |. 
this set of papers makes = 
fascinating reading. The editors expect that | 
their collection can be used as a source = 
book for a seminar on the subject. The | 


historical aspects are certainly well covered 


so it is, indeed, an obvious starting point | 
for those entering the field. But it far from ae 


represents the state of the art, and no 
reader should suppose that the book will 


allow him to catch up with modern: | 
developments. 3 i ke} 


Hans Primas is Professor in the Laboratorium 


fir Physikalische Chemie. at ETH-Zenirum, : : 


Zurich. 





Mechanics of physics 
Abraham Pais 


The Quantum World. 

By J.C. Polkinghorne. 
Longman: 1984. Pp.100. Hbk 
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THE Curate of St Michael and All Angels in 
Bedminster is an interesting man. He 
knows that ‘‘science has achieved its 
success by restricting itself to a certain type 
of inquiry”, and he was elected FRS for 
contributing to this success. He knows too 
that there are other issues which are 
essential for a grasp of our World but 


which are beyond the ken of science. “God _ 


is not to be put to the test,” 

These sayings of the Curate, culled from 
his recent article in the London Times, 
made me turn to his new book, The 
,duantum World, with the confidence that 
Mit would not serve up that blend of the 
` material and the mystic which of late seems 
so palatable to so many. I was not disap- 
pointed. This book is short and lucid. It 
demands thinking but no knowledge of 
higher mathematics. Its language is simple. 
Having been reared on the principle that it 
is not nice to use eight-letter words in 
public, | am happy to report that the word 
ontology occurs only once. Formulae are 












given here and there but mainly to show | 
what they look like. Nine brief appendices | a 
introduce the reader to more arcane |- 
subjects including a half-page derivation of | 
John Bell’s celebrated. criterion for the 
validity of quantum mechanics which has 
recently been subjected to stringent labor- 
quantum 


atory tests, (No surprises: 
mechanics. works.) A helpful glossary is 
also included. Princes and Poppers alike 
will derive benefit from this handsomely 
produced volume. 

‘*Professional practitioners of quantum 
mechanics can calculate away without 
worrying about the outcome of the debates 
about the foundations of their subject” 
(p.16) which centre on the question: is it 


necessary to include a specification of the 
experimental arrangement in defining what 


we mean by a physical phenomenon? 
“No”, 
uses the code words: objective reality. 
‘*Yes’’, says the quantum mechanic whose 
code word is complementarity and who 
bases his argument on the ineluctable inde- 
terminacy principle. After giving a clear 
account of the transition from the classical 
to the quantum era, the author guides us 
through the quantum arguments by the 
fitting device of a tour through thought 
experiments which illuminate this subtle 
issue. One sucl : that of Ein- 
stein, Podolsky 
author follows ¢ 










says the classical mechanic who. 


egret that the : 


f ers : by referring to the | ‘issued i in paperback by ae Univ 











EPR result as a paradox. The EPI 
logically impeccable, merely show 
objective reality and complet 
cannot both be true. Einstein ne 
a paradox. Nor was he “‘wistful[ly] longir 
after a determinate hidden’ variabl 
theory” (p.73). He never referred. to. 
“hidden variables” in his writings and in 
fact often called them a cheap way out; ae 
In addressing these questions ot a 
principle, care with language is of. the oe 
essence. I cannot subscribe to the author's 
statement (p.60): “Measurement involves = 
an intervention by our everyday world into 




















John Polkinghorne er testimony to the fact 


that physics is necessary but not sufficient for 
salvation, that science and religion can coexist in 
harmonious complementarity”. 


the quantum world”. I would rather say 
with Bohr: “There is no quantum world 

. It is wrong to think that the task of 
physicsi is to find out how nature is” (p.79). 
May we then not ask what the World is? 


s Of course we may, but here physics 


“restricting itself to a certain type of i 
inquiry” cannot give answers. The 
author’s life as well as his oeuvre, especially 
this lovely little book, bear testimony to the 


fact that physics is necessary but not 


sufficient for salvation, that science and i 
religion can coexist in harmonious comple- 

mentarity. He would agree, I think, with 
the quantum mechanic’s reply to Einstein’s 
assertion that God does not play dice: how 

do you know? ane 





Abraham Pais is Professor of Physies at the 

Rockefeller University, New York, His. 

graphy of Albert Einstein, ‘Subtle is 
Jirst published in 1982, has” 
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Cockcroft and the Atom. 

By Guy Hartcup and T.E. Allibone. 

Adam Hilger, Bristol/Heyden, Phila- 
delphia: 1984. Pp.320. £18.95, $34. 





SINCE the title of Hartcup and Allibone’s 
book may sound a bit vague, perhaps | 
should begin by saying what Cockcroft and 
the Atomis about. It does not set up — as it 
seems to me — to be a full-dress biography 
of John. Cockcroft (1897-1967), or a 
history of atomic science during the 
first half of the twentieth century; 
rather to be planned as a sort of docu- 
mentary about the context of events in 
which Cockcroft’s life, as scientist and 
man of affairs, was central, of events 
in the world of atomic physics that he 
influenced or that influenced him. 

Does the plan succeed? For most 
readers I imagine the answer will be a 
straight ‘‘yes’’: for myself, some mild 
reservations. The book has been 
extensively ‘‘researched’’, as it is now 
called — records have been consulted, 
letters read, people interviewed; the 
facts laid end-to-end in chronological 
order. “A comprehensive compil- 

ation” is the phrase that springs to 
mind. (The mother-and-father of the 
comprehensive compilation is of 
course the computer.) Every event is 
noted, every participant named. 
Speaking as a novelist — and why not, 
if there is a fresh view to be added 
thereby? — I find something Zola- 
esque about the authors’ naturalistic ™ 
piling on of detail, maintaining 
throughout exactly the same degree of 
detail: what I miss is Zola-esque art; that is 
tosay, in down-to-earth terms, an author’s 
personal voice sounding through, an 
author’s personal intelligence commenting 
and interpreting, an author’s personal 
literary talent — the things that make one 
want to read a book for itself, as well as for 
the information it contains. 

I don’t doubt that many readers will feel 
I’m asking too much: out of 100 ears on 
which my mild strictures fall, 98 will 
probably be deaf to them. Just as well, 
perhaps, since the comprehensive compil- 
ation is with us, and will be so to an 
increasing extent. (Yesterday a youthful 
American pupil of mine said to me enthus- 


jastically: “The word-processor makes | 


writing so easy!’ Just so.) However — to 
be fair — one can’t help but feel that all the 
facts are there. Yet on some pages there are 

as many as a dozen names, normally far too 


many for comfortable reading. Comfort- 
able enough for me in this case, because | 
of men I'd come | 





often half of them wi nen 1 
_ across myself in my time; but for the com- 





- fort of other readers I’m not so sure. All the 





he Cockcro 
Ernest Walton seated to observe the scintillations. 














same, when it’s compiled as successfully as 
this one, the comprehensive compilation 
undeniably earns its place in the library. 

I was an admirer of Cockcroft, a fine, 
stocky, sensible, cautious Yorkshireman, 
who indulged in a minimum of speech and 
in practically no change of facial 
expression. (That expression was neverthe- 
less amiable, thoughtful, smiling.) If one 
addressed a remark to him, it was only 
when, after the ensuing silence, he either 
took the famous black notebook out of his 
pocket or actually said something, that one 
knew for certain that he’d heard. It gave me 
lasting pleasure to think that at a dinner- 
party in his house I’d made him burst into 
laughter — till I saw in this book a photo- 
graph of him laughing with George 


a ee 
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ft-Walton accelerator, 


Gamow. Well, Gamow was a funny man. 

It was a theoretical memorandum 
of Gamow’s which sowed the seed of the 
Cockcroft-Walton ‘‘atom-splitting’’ ex- 
periment, the first of its kind, in 1932. 
Cockcroft cottoned on to what Gamow 
was saying about bombarding elements 
with protons, and he addressed to Ruther- 
ford a calculation (reproduced in this 
book) that led to the famous experiment 
being set up. Then something odd hap- 
pened. Using a lithium target bombarded 
with a beam of protons, Cockcroft and 
Walton began by looking for gamma-rays; 
and it was when Rutherford, fed up with 
their getting no results for a couple of years 
from their electroscopes, told them to 
install fluorescent screens, that they 


promptly picked upthe alpha-particles into 


which the lithium atoms had been split; a 
prime experiment, for which the two of 
them were awarded a Nobel prize for 
physics — nineteen years later. James 
Chadwick, for discovering the neutron at 
about the same time got his Nobel in three 
years — very properly, for he had made 






April 1932, with 


-Snow’s The Masters, the Fellows elected 


what was in the sheer physics of it an abso- 
lutely fundamental discovery. The authors 
of this book take in their stride Cockcroft 
and Walton’s being made to wait so long — 
theirs not to reason why, they say. But what 
about ours? Did it take the Nobe 
committee nineteen years to recognize the 
experiment as breaking open an entirely 
new line of powerful experiments to be 
made with particle-accelerators? Or did it 
take those members who opposed the 
award all that time to disappear from the 
scene? Or what? Someone must know. 
There’s a fascinating detail I should really 
like to be told. 

Chadwick, speaking clearly for the 
‘‘nhysics-is-physics’’ school, said of 


Cockcroft: 











For example, his knowledge is wide but it is 
not at all profound; his views are of rather a 
dull everyday hue. On the other hand his 
temper is so equable and his patience and 
persistence so inexhaustible that we can put 
in lively and relatively irresponsible men who 
have the real feeling for research without 
fear of upsetting the balance. 


snobbery about the physics-is-physics 
school to which Cockcroft was neither 
born nor bred. He was an applied 
physicist. Between leaving school and 
turning up at Cambridge in 1922 to read 
for the Mathematical Tripos, he had 
taken a mathematics degree at 
Manchester University, served as a 
signaller in the trenches at Passchen- 
daele, returned to Manchester Tech to 
take a degree in electrical engineering 
£ while doing a Metro-Vick apprentice- 
5 ship. Yet how right Chadwick's intim- 
z= ations turned out to be, of what Cock- 
croft could be entrusted with, both 
inside and outside the world of physics 
— spending the early years of the 
Second World War on the vital practic- 
alities of radar; then taking over they 
wartime atomic scientists’ team in” 
Montreal and Chalk River; then coming 
back to run them in Harwell, each team 
having its contingent of “‘lively men with a 
real feeling for research’’. (As I was party 
to appointing many of the Harwell contin- 
gent, I should be the last person to say any 
of them were “‘relatively irresponsible’’.) 
“Without upsetting balance.” That 
exactly describes Cockcroft’s reign at 
Harwell from 1946 to 1958, during which 
he directed some of its most important 
research: he may have been neither a super 
administrator nor a born manager — but 
the place balanced. E 
The authors observe that Cockcroft had. 
his failures and disappointments, made his * 
mistakes. He made a mistake — astonish- 
ingly against caution — with his over- 
optimism about the experiments aimed at 
generating power from fusion. And his 
private hopes of going back to his old 
college, St John’s, Cambridge, were 









dashed when, in a magisterial election 


which reminded him and his wife of C.P. 
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M. MORS 


A fascinating. and controversial portrait of 
the man -who,. though he may be regarded 
in modern terms as a theoretical physicist, 





proposed the molecular hypothesis which 
forms a cornerstone of modern quantitative: 


chemistry. l ie 
373 pp. Cloth Dfi. 160,— / US $ 59.50 / 
-£ 39.50 ISBN 90-277-1624~2 
Boussingault 


Chemist and Agriculturist 
FLW.J.McCOSH 
The first biography in book form which 


charts the life and work of Jean Baptiste 
Boussingault (1802-1887), whose achieve- 


ments include fundamental research in soi 


science and plant nutrition, metallurgy- of 
iron and steel, and the first accurate deter- 
mination of the photosynthetic quotient: 
approx. 350 pp. Cloth DH. 140, —/ us $ 
53.50 / £ 35.50 ISBN 90-277~-1682-X 





Thomas Beddoes M.D., 1760-1808 
Chemist, Physician, Democrat 
D.A.STANSFIELD 


This work at last shows Beddoes in the 
context of the scientific and political 
revolutions of his day and explores his 
influence on the poet, Samuel Taylor 
Coleridge, as well as on the career of the 
scientist, Humphry Davy. 

260 pp. Cloth Dfl. 140,- / US $ 54.00 / 
£ 35.75 ISBN 90-277-1686-2 


Otto Hahn and the Rise of Nuclear 
Physics 
= W.R.SHEA (ed) 
M The papers in this volume provide lucid 
“accounts of the development of Hahn's 
pioneering work in radioactivity and atomic 


physics. 
252 pp. Cloth Dfi. 115,— / US $ 49.95 / 
£ 29.25 ISBN 90-277-1584-X 


Solvent-Dependent Flexibility of 
Proteins and Principles of Their 
- Function 
I. KAIVARAINEN 


This book aims at providing a better under- | 
standing of the fundamental principles of 
the functioning of protein molecules and | . 


m their interaction with the surrounding 
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Thermal 


and photochemical aspects of 
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dealt with. | 
120,—- / US $ 44.00 / 
£ 30.50 ISBN 90-277-1 767-2 


Milankovitch and Climate 


-Understanding thë nepang to Astronomical 
-Forcing 


ASL BERGER etal leds.) 


Features original results. obtained from 
numerical climate. models, going» further. 
than the usual statistical demonstrations 
in “showing that orbital variations are a 
major influence on our planetary climate, 
966 pp. {set of two volumes) Cloth Df. 
310, / US$ 117.00/ £79.00 

ISBN 90-277- 1791-5 


Clusters and Groups of Galaxies 
F. MARDIROSSIAN erai, leds.) 
Topics covered include the spatial distribu- 


tion and the clustering of galaxies: the 


properties of superclusters: clusters and 
groups of galaxies: radio and X-ray observa- 
tions; the problem of unseen mattter; 
theories concerning hierarchial clustering, 
pancakes, cluster and galaxy formation and 
evolution. 


682 pp, Cioth DH. 240,— / US $ 89.50°/ 
£60.95 
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Structure and Evolution of the 


Magellanic Clouds 

S. VAN DEN BERGH and 

K.S. DE BOER leds.) 

Covers topics including ‘stars and star 
formation, clusters and cluster formation, 
the interstellar medium, gaseous coronae 
and supernova remnants, radio ‘surveys, 


andthe nature of the most massive single 
star ever suspected. 


448 pp. Cloth Dfl. 
£31.75 | 
Paper Dfil, 
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M.CAPACCIOLI {ed.) 
This volume provides up-to-date informa Or 


with results, and 24 review ‘lectures by 
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Observational Tests of the Stellar 


| Evolution Theory 


A.MAEDER and A. RENZINI (eds) = 
The book provides a cross-check of the _ 
numerous recent results in ground-based 
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890 pp. Cloth Dfi. 
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| Photogenerated Reagents 
in Biochemistry and 
Molecular Biology 


by H. Bayley 

Laboratory Techniques in Bio- 
chemistry and Molecular Biology 
Volume 12 

Series editors: T.S. Work and 

R.H. Burdon 


This volume provides detailed des- 
criptions of the properties and 
syntheses of the most useful photo- 





comprehensive and critical 
‘descriptions of the major experi- 
ments that can be performed with 
photochemical reagents. 


| 1983 208 pages 
-Hardbound Price:US $56. 25/ 








| ISBN 0. -444- 80486-2 





lipolysis, mammalian lipases and 
several other lipases. 


1984 544 pages 
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Topics in Molecular 
Pharmacology Volume 2 
edited by A.S.V. Burgen and 

G.C.K. Roberts 
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articles that range from discussions 
of the basic physical chemistry of 


| intermolecular interactions to des- 


criptions of complex membrane- 
bound receptor systems. 
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Price: US $69.25/Dfl. 180.00 
ISBN 0-444-80495-1 
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| Pathobiology 
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je -edited ei P.Cohen 

Molecular Aspects of Cellular 
| Regulation Volume 5 
. This third volume provides autho- 
| ritative accounts of a number of 


systems in which the importance of 
this phenomenon has come to be 
recognised over the past few years. 


1984 xx + 250 pages 
Price: US.$75.00/DfEL 195.00 
ISBN 0-444-80525-7 


Separation Methods 
edited by Z. Deyl 
New Comprehensive Biochemistry, 


-Volume 8 


Series editors: A. Neuberger and 
LLM. van Deenen 

This volume presents an overview 
of current chromatographic and 





| electromigration separation 


methods with the emphasis placed 
on diverse biochemical ap plications 
with the necessary background in 
theory and instrumentation. 


1984 554 pages. , 
Price: US $75.00/DEL 195.00 
ISBN 0-444 -80527 -3 


Lysosomes in Biology 
and Pathology Volume 7 


edited byJ.T. Dingle, R.T. Dean and |. 
W. Sly dy 
Volume 7 in the well-established 
series ‘Lysosomes in Biology and 
Pathology’ covers the major 

advances which have recently 

been made concerning the biosyn- 
thesis and intracellular transport of 
lysosomal enzymes. 


1984 512 pages 


Price: US $125.00/Df1. 325.00 
cing -444 - 80523 -0 


| This book summarizes for the first |- st AA 
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| remarkable contributions ultra- Arsen 
structural research has made to our} = ee 
-| understanding of basic disease 
| processes. 
| 1984 608 pages | 
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bolism, epidemiological data, and 

mechanisms of toxicity for the 
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Immunology 
edited by W.H. Hildemann 
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recent advances in this rapidly 
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prehensive coverage of both basic 
and applied aspects of imm unology. 
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Psychiatry and Old Age 
edited by DW.K. Kay and 

G.D. Burrows 


As the title suggests this is a hand- 


book of studies’ dealing with 
important new knowledge on the 
ageing brain which has reawakened 
clinical interest in old problems 
and posed many new ones. 
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Handbook of 
Mutagenicity Test 
| Procedures 


edited by B.J. Kilbey, M. Legator, 
W. Nichols and C. Ramel 
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experiences in particular tech- 
niques of mutagen testing and to 

| set these out in a form which could 
provide anyone attempting a 
specific test with all the necessary 
background information on 
materials, experimental design, 
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-| way with a minimal need for 
_ additional expert help. 
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of evolution. 
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Price: US $49.50/Df1. 129,00 
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Experts in the field of neural and 
behavioral birth defects describe 
their own research and review 
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This series of volumes on ‘Key E nvironments’ concentrates attention on those areas 
of the world of nature that are under the most severe threat of disturbance and 
destruction. The authors expose the stark reality of the situation 

7 without rhetoric or prejudice. 


From the foreword by HRH The Duke of Edinburgh 
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First ti tles in the series 


SAHARA DESERT 


Edited by J L CLOUDSLEY-THOMPSON 


The Sahara is the world’s grandest and most awe- 
inspiring desert. Much of it man-made, mostly of 
comparatively recent origin, it is today expanding 
inexorably into the Sahel savanna bordering its 
southern flanks. 
300 pp 142 illus 
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GALAPAGOS 


Edited by R PERRY 
Since the establishment of the Charles Darwin 
Foundation there has been a great. surge of scientific 
investigation into the ecosystem of the Galapagos 
Islands. The results of the last two decades of 
endeavour are explored in this volume. 
336 pp 126illus 576 lit refs 
0.08 027996 1 (H) 


| Edited by A JOLLY, P OBERLE and 
This is the first handbook on Madagascar's unique 

fauna and flora available in English combi ning articles 
by Malagasy, French, En glish and American scientists. 
250 pp 172 illus 110 lit refs Summer 1984 
0.08 028002 LCD © £14.95 US$23.95 


Oxford OX3 OBW, UK 


Summer 1984 
£14.95 US$23.95 


705 lit refs 


Summer 1984 
£14.95 US$23.95 
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Forthcoming titles include 


WESTERN MEDITERRANEAN 
Edited by R MARGALEF 
250 pp 
0 08 028870 7 (H) 
AMAZONIA 
Edited by GT PRANCE and TE LOVEJOY 

Spring 1985 
£14.95 US$26.95 approx 


Spring 1985 
£14.95 US$26.95 approx 


300 pp approx 
0 08 030776 0(H) 


ANTARCTICA. 
Edited by N BONNER and D WALTON 
350 pp  I50illus 150 lit refs 

0 08 028881 2(H) 


RED SEA 


Edited by A EDWARDS and E HEAD 
350pp 150illus 150 lit refs 

0 08 028873 1 (H) 
Standing/continuation orders for this series are invited. 
Fully descriptive leaflet available on request. 

Prices are subject to change without notice. 

Sterling prices apply to UK and Eire customers only, 
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the Senior Tutor, and not Cockcroft, to be 
their Master. The upshot was a turn in his 
career, a definitive turn to Whitehall and 
national affairs, It is interesting to 
speculate whether, if he had gone back to 
‘Cambridge then; he would have played a 
comparable part in first national and later 
international affairs (though in a less 
definitive way he was already embarked on 
both.) He was persuaded to join the 
Defence Research Policy Committee. As a 
committee-member in the conventional 
sense, he was practically a non-starter, for 
the simple reason that he rarely said 
anything; but that didn’t mean he was not 
cogitating, participating and resolving on 
action. His action took place outside the 
committee-room, in.private meetings with 
the members and other people one at a 
time. “I flit from office to office”, he 
wrote in amusingly candid self-observation 
— and with a spark of literary talent. 

In his days at the Cavendish Laboratory 
in Cambridge, Cockcroft’s colleagues had 
remarked on his extraordinary gift for 
_ Switching his full concentrated attention 

4 from one objective to another, usually with 
= “desired, tangible results in each. This gift 
served henceforward in affairs, national 
and international. He flitted from office to 
office, in London, Washington and 
Moscow; helping to render balances un- 
upsettable while determinedly edging them 
in the direction of reason and sanity. It was 
in his earlier concern with promoting the 
flow of knowledge, about developments in 
atomic science, between his own country 
and the United States that, despite the 
American preoccupation with secrecy, he 
began to win the confidence of Wash- 
ington: through the revival of his old 
friendship with Rutherford’s Russian 
protege, Kapitza, he began, against the tide 
of Russian suspicion, to win the confidence 
of Moscow. Needless to say he did not get 
ail he wanted, but what he did get was 








“sprang from a deep feeling for human 
beings and human society in general, for 
the community of nations. Having been 
one of the main instigators in establishing 
in his own country the peaceful use of 
atomic energy for generating power, he 
began to speak out for control of nuclear 
arsenals, playing a part in bringing about 
the Test Ban Treaty. His political — and 
moral — stance is splendidly defined at the 
conclusion of Oliphant’s tribute to him: 


In politics he was an old-fashioned liberal, 
seeking always the middle way of decency and 
fairness. If he was intolerant in any way, it was 
ge! inhumanity, the greed and self-seeking of 
< Mboth the extreme right and the extreme left. He 
never sought power, but when it came to him, he 


pany 


exercised it with wisdom and restraint. less 
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William Cooper is the pseudon ym of the 
novelist Harry Hoff; his most recent book is 
Scenes from Later Life (Macmillan, London, 
1983). From 1958 to 1972 he was personnel 
consultant to the United Kingdom Atomic 
Energy Authority and the Central Electricity 
_ Generating Board. 
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SPRINGBOOKS 
A feeling for the 
unfathomable 
Martin Gardner 


Reality and Empathy: Physics, Mind and 
Science in the 21st Century. 
By Alex Comfort. 











| State University of New York Press: 


1984. Pp.272: Hbk $39.50; pbk $12.95. 





Dr ALEX Comfort, trained in classics at 


Cambridge University, is the British geron- 
tologist who made a fortune with his best- 
sellers The Joy of Sexand More Jay of Sex. 
Discussions with bright students at the 
Neuropsychiatric Institute, University of 
California at Los Angeles, where Comfort 
now teaches, impelled him to set down on 
paper the ideas that have swirled in his 
brain since he discovered the joy of QM 
(quantum mechanics). 

Comfort’s main theme, like that of 
many another recent book, is that QM is 
such a revolutionary new way of looking at 
the Universe that if it could be *‘popularly 
empathized, it would be a blockbuster” 
(p.25). By “empathize” Comfort means 
made so intuitively clear that non- 
physicists could feel what it is all about. 

The book's first sentence, ‘Worlds are 
created by brains’’, is intentionally 
ambiguous. You quickly learn that 
‘“‘world’’ means a world-model, or map, of 
reality, but later on you encounter the view 
that perhaps brains have created the 
outside world as well, Objective reality and 
mind could be related by what Douglas 
Hofstadter calls a “*strange loop”. 
Somehow ~— just how is the ultimate 
mystery — Being was able to bifurcate into 
matter and minds that allow the matter to 
see itself. Matter and mind may be 
epiphenomena of one another, like 
Escher’s picture of two hands, each 
sketching the other. 

Comfort professes to be immune to the 
epidemic of ‘‘pseudo-east nonsense” now 
infecting the West — what he calls a mix of 


“‘Aquarians, acid-heads, and amateur a 
mystics’, speaking ‘‘yoga-babble’’? and | 


tossing up ‘“‘premature Taoists who write 


popular books on physics” (pp.37-38). The | - 


public would do well to stop listening to 
“itinerant swamis who preach in mottos 


.Out of fortune cookies” (p.33), and turn 


instead to the original sacred literature of 


Buddhism and Hinduism where they would _ 


find that introspection had indeed 
produced visions. in surprising harmony 
with the empirical results of modern 
physics. 

What do QM and Eastern thought have 
in common? Comfort believes it is a way of 
seeing our pluralistic phenomenal world as 
an illusion produced by an impenetrable, 
timeless, unfathomable reality. Comfort 
seldom calls this reality God, preferring 
instead the impersonal Brahman of 
Hinduism. Although QM makes no onto- 
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logical statements, it is neverth 
saturated with anomalies that. € 
thinks support this Eastern insigh 

Consider the notorious EPR (Ei 
Podolsky-Rosen) paradox, invente 
Einstein and two associates as a thougt 


experiment, but which recently h 
received strong support from laboratory — 
experiments. Two photons (in one version) ` 
are emitted in opposite directions by an 
interaction that gives them oppo 
In QM, neither particle has a definite spin 
until measured, yet the two are so corres 
lated that if you measure A, thereby. n 
creating, say, a plus spin, B will acquire a ee 
minus spin even though it may be light 
years away. It is worse than that. If Ais 
measured a second time, it again will 
acquire plus or minus spin with eguak 
probability. If the spin alters, the 
companion particle instantly changes to. 
the opposite spin. It is like tossing someone. - 
a glove, Comfort writes, then if you turn 
the companion glove inside out, the other - a. 
glove will at once invert to preserve the 
pair’s opposite handedness. l 
Einstein believed that his paradox: 

proved the incompleteness of QM. 
Comfort agrees. The best way out, he 
thinks, is to adopt what he calls the 
“‘thingless universe” of David Bohm, a 
QM expert who has long been an admirer 
of Eastern philosophy. In Bohm’s vision, 
particles are ‘‘explicates’’ of an “implicate 
order’, a substrate that is outside our space 
and time. Comfort likens the particles to 
EMENT 
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spots that seem to move on the screen of a 


computer game. But nothing is really 


moving. Points of light are merely | 


switching on and off in obedience to signals 
from invisible hardware. Perhaps Zeno 
was right. Motion is unreal. The outside 
world is what the Hindus call maya, an 
illusion conjured up by the motionless 
Brahman. 

It is easy to see how this vision could 
furnish support for the psi forces that para- 
psychologists claim are indifferent to space 
and time. Comfort makes a great pother 
about his neutrality with respect to psi: “I 
have no idea whether paranormal phe- 
nomena exist or not” (p.229). However, he 
is a vigorous advocate of what he calls 
“demonic” conjectures — efforts to see 
the world in ‘‘non-human’’ ways. It may 
be, he writes, that altered states of 
consciousness give authentic glimpses into 
bizarre but fruitful world-models. He 
shares with psychoanalyst Jan Ehrenwald, 
an ardent advocate of psi, the conviction 
that anecdotal evidence for psi, such as 
telepathic dreams, is far stronger than any 
laboratory result. Such evidence is SO 
voluminous, Comfort says, that to 
attribute all of it to self-deception, coin- 
cidence or fraud seems to him like doubting 
the existence of badgers. 

Scientists such as Oliver Lodge, who 
became Spiritualists, Comfort considers 
much less credulous than sceptics suppose. 
They ‘‘probably’’ did not see discarnate 
spirits, he allows, though they 
“apparently” did observe “uncanonical 
transfer of information’? (p.218). These 
are curious remarks to come from a man 
who insists that his personal estimate of the 
odds for psi being genuine are fifty-fifty. 

Comfort’s fondness for demonic models 
prompts him to look benignly on many 
other conjectures that most scientists 
consider hogwash. Rupert Sheldrake, for 
instance, is persuaded that members of a 
species are united by a ‘morphogenetic 
field”. If you train some rats to find their 
way through a maze at Harvard University, 
rats of the same species will learn to run the 
maze faster in Scotland. Sheldrake may be 
wrong, Comfort admits, but he is raising 


an important question. Comfort is pleased | 


that Sheldrake’s challenge has not affected 


Ea nate it 
New in paperback 

@ Causality and Chance in Modern Physics by 

David Bohm, with a new preface by the author. 

Publisher is Routledge & Kegan Paul, price is 

£3.95. The book was first published in 1957 and 

reviewed in Nature 181, 658; 1958. 


© Quantum Fields in Curved Space by N. D. | 


Birrell and P. C. W. Davies, published by 
Cambridge University Press. Price is £13.75, 
$27.95. For review see Nature 297, 166; 1982. 


@/ cad Pollution: Causes and Control by R.M. | 
Harrison and D. P. H. Laxen, published by | 


Chapman & Hall in the Science Paperbacks 
series. Price is £7.95, $23. 

@The Ecology of Algae by F. E. Round, 
published by Cambridge University Press. Price 


is £22.50, $39.50, For review see Nature 297, | 


521; 1982. 
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| colleagues like an “inopportune flatus in 


an elevator’’. 

“Karl Pribram’s holographic model of the 
brain is another demonic theory that 
Comfort finds comforting. The Universi 
may be a monstrous hologram, each ti 


a 


part, like one of Leibniz’s monads, 


containing the whole. The book is not yet 
closed, Comfort is also convinced, on the 
role of Lamarckism in evolution. His 
wildest speculation is that sabre-toothed 
tigers, which flourished before humanity 
was on the scene, may not have really been 
“there” except in a vague way, their pale 
reality sustained only by the low-order 
brains of the beasts that saw them! 
Comfort borrows from Hofstadter the 
whimsy. of interrupting his prose with 
comic dialogues. A lion and a unicorn step 
down from a coat of arms to argue about 
scientific method. A snake named Wilber- 
force, after the cleric who debated with 
T.H. Huxley, discusses evolution with a 
mockingbird. Gezumpstein, ademon from 
beyond spacetime — his sole task is to 


invent testable hypotheses — models rein- > 
carnation with a row of isolated spots 4h 


created by painting a line along one side of | 
a helix. Adam demands of God, his 
psychiatrist, that she reveal the real reason 
why he was kicked out of Eden. 

The cleverest of these interludes tells 
how Gezumpstein’s conjectures take the 
form of balloons. He distributes them to 
scientists who blow them up and keep them 
inflated until they are punctured by a fact. 
The facts are called “‘poppers’’, a play on 
the name of Karl Popper. Balloons given to 
mathematicians last the longest, but no 
balloon is “‘popper-proof’’. Many last for 
centuries before bursting. Some are 
allowed to deflate, only later to be blown 
up again. 

The book is stimulating, funny, quirky; 
marred by a rambling, repetitious, 
disjointed organization. Comfort hasia, 


' fondness for awkward terms such an 


‘‘Shomuncularity,’’ ‘“‘pre-scientoid’’ and 
““dogsbody’’, a neologism borrowed from 
James Joyce’s Ulysses. He seems to have 
no interest in any modern Western philo- 
sopher except Popper. George Berkeley, 
who more than any other thinker struggled 
with all of Comfort’s ontological puzzles, 
is not in the index, though I discovered a 
trivial reference to him on page 197. 
Readers unacquainted with modern 
physics will find most of the book unintel- 
ligible. A section on how each moment 
of history can be undetermined, even 
though Brahman is timeless and. 
unchanging — it just is — I found totallyy. 
opaque. And although I learned much, I7 
finished the book with a dizziness from its 
endless zigzags, and a feeling that Comfort _ 
could have made his points much clearer if 


he had tried. E 


Martin Gardner isa science writer. Among other 
books he is author of The Whys of a Philo- 
sophical Scrivener (Harvester, 1983) and Order _ 
and Surprise (Prometheus, 1983). sea ee 




























Oxford University 


> d New and recent books from Oxford Science Publications 
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Bey 
Jon Darius 
Brings together 100 of the most 
significant scientific photographs of 
the last 150 years, chosen for their 
importance in recording and 
contributing to scientific discovery. 
Each photograph is fully documented 
and its scientific significance 
explained, 

O 19 853245 8, £15, 200pp., b/w and 


colour photographs throughout 
Clarendon Press 
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Nuclear Power 
Technology, 


in 3 volumes 
Edited by Sir Walter Marshall 


For the first time, a comprehensive 
and up-to-date reference work 
written by specialists within the 
industry, and presenting current 
knowledge on all aspects of the use 
of nuclear power, 

Vol 1: Reactor Technology 


FA 


O 19 851948 6, £35, 500pp. 


Vol 2: Fuel Cycle 


0 19 851958 3, £35, 432pp. 


Vol 3: Nuclear Radiation 


O 19 851959 1, £35, 362pp. 


Clarendon Press 





ent 









Thé Developm 










5 ae, 








computers 
and Parallel 


Computation 
D. J. Paddon 


The new generation of parallel 
supercomputers enable problems to 
be tackled which defeat ordinary 
computers. This book presents both 
program methodology and program 
listings making it a practical way into 
the subject for many potential users. 
This is the first volume in the new 
IMA Conference Series. 

O 19 853601 1, £25, 268pp., 
illustrated, Clarendon Press 





foo re my 
Flowers of the 


+ T e 
Himalaya 
Oleg Polunin 
and Adam Stainton 


This is the first book of its kind for 
identifying the wild flowers of the 
Himalaya, which are of quite 
exceptional interest. The authors 
describe some 1500 species found 
mostly above 4000 feet in the upper 
valleys, the hills, and higher regions 
to about 18000 feet. 

O 19 217623 4, £29.50, 428pp., 12Bpp. 
of colour plates 
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e Aroids 
Edited by S. Chandra 


There are very few books on tropical 
root crops and this is the first on 
edible aroids. The book deals with 
the present state of research, 
extension, and development in 
many nations where edible aroids 
are an important food. 

O 19 859486 0, £30, 250pp., 
Hiustrated 
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Human 
Procreation 


Ethical Aspects of the New 
Techniques 


Council for Science 
and Society 


Provides a concise summary of the 
techniques available to doctors and 
scientists working in human 
reproductive medicine, together with 
arguments and counter-arguments 
concerning their use. 

0 19 857608 0, £3.95, paperback, 


112pp. 





Mineral 
Resources 

L. 
Appraisal 
Mineral Endowment, 
Resources, and Potential 


Supply: Concepts, Methods, 
and Cases 


DeVerle P. Harris 


A comprehensive and unified 
treatment of the concepts and 
methods of the new and rapidly 
emerging field of mineral resource 
appraisal. 

0.19 854456 1, £37.50, 448pp., 
illustrated 

Oxford Geological Sciences Series, 
Clarendon Press 
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The Optical Papers of 
Isaac Newton 

Volume |: The Optical Lectures 1670 - 1672 
Edited by ALAN E. SHAPIRO 


This book, the first of a three volume edition of 

. Newton's optical papers, contains the Optica! 

-< Lectures that he gave as Lucasian Professor of 

_- Mathematics at Cambridge in which he expounded 
“his revolutionary theory that sunlight consists of 
-rays of different colour each unequally refracted. 


0521 252482 £75.00 net/$135.00 


Science and Civilisation in China 
Volume VI: Biology and Biological Technology 
JOSEPH NEEDHAM 
Part I: Agriculture 
FRANCESCA BRAY 
-This second part of the sixth volume of Joseph Needham’'s great 


enterprise is the first to be written by a collaborator. Francesca Bray, 


-working closely with Joseph Needham, and drawing on her own 
first-hand research in China, has produced the most comprehensive 

study of Chinese agriculture to be published in the West. 

0521 250765 £50.00 net/$99.50 





















` Monocotyledons (Part Il): Juncaceae to Orchidaceae 


jorticultural Society, Families, genera and 
s are provided, and guidance is given on 
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University of Cambridge 


The University has printed 
and published continuously 


: $30.00 net/$59.50 






The right of the 


to print and seil 
all manner of books 

wes granted by 
Henry VIE in 1534. 


since F384. 


Animal Physiology 
Adaptation and Environment 
Third Edition 

KNUT SCHMIDT-NIELSEN 


This original and much-praised textbook has been 
completely revised and updated for this new edition, 
All the familiar aspects of physiology are covered, 
but in the context of such major environmental 
features as oxygen, food and energy, temperature, 
and water. 


0521259738 £15.00 net/£29.95 





The Global Climate 
Edited by JOHN T. HOUGHTON 


Drawing heavily on data from the World Climate Research 
Programme, this book provides an invaluable introduction tothe 
global climate and to the complex processes and interactions that 
determine climatic change. The main climatic variables are. 
systematically considered and the problems associated with 
observation and computer modelling reviewed. 


0521 251389 £27.50 net/$49.50 — 










bacteria found in habitats like oil wells, sulphur springs, nat 
stores and sewage sludge that respire sulphates instea 
























Psychology and the finds of Animals 


ROBERT BOAKES 

A stimulating survey of the way our understanding ofthe mindsof 

, animals and ideas about the relationship between animal and human 

ehaviour developed between about 1870 and 1930. Fascinating _ 

historical photographs of the principal researchers of the period 
illustrate the text. 
0521 23512X 
0521 280125 





Hard covers £35.00 net/$69.50 
Paperback £15.00 net/$19.95 


Adaptive Behaviour and Learning 
J. E.R. STADDON : 


Anew and provocative theoretical integration of the psychological 
and biological approaches to adaptive behaviour. John Staddon 
reviews orientation mechanisms, conditioning, discrimination 
memory and cognitive processes in animals. 


0521 25699 2 Hard cover £30.00 net/$59.50 
0521 27658 6 Paperback £10.95 net/$18.95 


Modeling Dynamic Phemonena in 
Molecular and Cellular Biology 
LEE A.SEGEL 


An this textbook Professor Segel adopts a general approach to model 


analysis in molecular and cellular biology and presents analyses of a 
range of problems of gradually increasing biological and 
mathematical complexity. 


0521 25465 5 
0521 27477 X 


Hard covers £25.00 net/$49.50 
Paperback £8.95 net/$12.95 


Development of Nerve Cells and 
Their Connections 

W.G. HOPKINS and M.C. BROWN 

This short book describes the nervous system at all stages of 
development, from the early embryo when nerve cells first appear, 


through to the adult, where interactions between nerve cells are the . 
basis of learning, memory and recovery from injury. 


0521 253446 Hard covers £16.00 net/$29.95 
0521 273250 Paperback £6.95 net/$13.95 





Energy Balance and Temperature 
Regulation 
M.W. STANIER, L.E. MOUNT and J. BLIGH 
How do men and higher animals maintain a stable deep body 


temperature? This central topic in animal physiology is lucidiy 
examined in this student textbook alongside the linked problem of 


convection and evaporation. 


Cambridge Texts in the Physiological Sciences4 i : 
Hard covers £17.50 net/$29.95. 


0521 258278 
0521 27727 2 


‘Genetic Manipulation 
_ Impact on Man and Society 
Edited by WERNER ARBER et al 
This collection of 23 papers places its emphasis on gene-splicing 





techniques in plant breeding and the modification of the germ-line of — 


higher organisms to cause the expression of foreign genes; the in 
vitro fertilisation of human cells; and the transfer of embryos. 


-Published for the ICSU Press 
_ 0521 264170 


0521 269652 — 


energy exchange with the environment through radiation, conduction, — 


Paperback £7.50 net/$12.95 


Fora complete iist of ail our 1984 publications please write t 


£17.50 net/$35.00 Road Cambridge CB2 2RU 





This book lucidly examines the life cycle of phytopla 
microscopic plant life that lives on the open waters ofp 
and rivers. Adaptive responses and all the astonishing 
presented by a habitat without any solid surfaces are revie 
Cambridge Studies in Ecology ae 
0521 237823 
0521 282225 





Hard covers £30.00 net /$54.50 


Algal Symbiosis | 


A continuum of Interaction Strategies 
Edited by LYNDA J. GOFF E : 
The sixteen contributors to this book provide a comprehensive review __ 


of algal symbioses, systems which are central to an understanding ol. 


cell biology and evolutionary innovation and provide biologists with i 
extremely useful experimental tools to study important biological 

phenomena. 

£25.00 net/$42.50 o i 


0521 25541 4 


Now in paperback 


Flora of the British Isles, _ 


Illustrations 

A.R. CLAPHAM, T.G. TUTIN and the late E.F. WARBURG __ 
illustrations by SYBIL J. ROLES : 5 

These companion volumes to the classic Clapham-Tutin-Warburg. Ss i 


Flora are now being made available in Paperback for a wider 


audience of amateur botanists. 


Volume | Pteridophyta-Papilionaceae 
0521 26962 8 


Volume fi Rosaceae-Polemoniaceae 
0521 26963 6 


Volume ill Boraginaceae-Compositae 
0521 26964 4 
Volume IV Monocotyledons 


Paperback £8.95 net/$17.95 
Paperback £8.95 net/$1 7.95 
Paperback £8.95 net/$17.95 


Paperback £8.95 net/$17.95 


The Solar Granulation 


Second Edition 


R.J. BRAY, R.E. LOUGHHEAD AND C.J. DURRANT _ 


The second edition of this book has been updated to take account of 
the high-resolution granule observations obtained recently from 
; balloons and computer simulations. 


Cambridge Astrophysics Series 4 


0521 247144 £27.50 net/$54:50 


Now in paperback 
Quantum Fields in Curved Space 
~~ NLD. BIRRELL and P.C.W. DAVIES. 


_ A timely review of gravitational effects in quantum field theory which = > 


represents the first attempt to draw together the vast literature — 


Cambridge Monographs on Mathematical Physics a 
0521 27858 9 ac Paperback £13.75 net/$27.95 a 


| ; generated by the rapid growth of the subject in the last ten years. 


H.O. PRITCHARD 


0521 257115 £25.00 


Grain, Cambridge University Press, The Edinburgh Buildin 
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New 
Statistical methods 

in geology 
for field and lab decisions 
R.F. Cheeney, University of Edinburgh 
Assuming no more than basic algebra and trigonometry 
as background, this text introduces the student and 

rofessional geologist to the techniques that will be 
found useful ‘at the coal face’ in the field and the lab. All 
the methods have been programmed for use on a modest 
portable calculator, and the book has a full complement 
of examples and exercises to demonstrate the 


techniques. Not ‘geology fitted to statistics’ but 
‘statistics useful in geology’. 


October 1983 185 p 50 illustrations 
04 550029 0 Hardback £12.00/$25.00 
004 550030 4 Paperback £5.95/$11.95 


Echinoid palaeobiology 


Andrew Smith, 
British Museum (Natural History) 


For palaeontologists, a comprehensive and up-to-date 
synthesis of the range of biological information that can 
be retrieved from the fossilised skeletons of echinoids. 
The text contains much previously unpublished 
material, including a fully revised classification of the 
group, and is enhanced by a full complement of line 
illustrations and photographs, many of which are 
entirely new. 


February 1984 224 pp 82 iustrations 
004563001 1 Hardback £20.00/$35.00 
004563002 X Paperback £11.95/$19.95 


Special tapies in palaeontology: Í 









Groundwater as a 
geomorphic agent 

Edited by R.G. LaFleur, 

Rensselaer Polytechnic Institute, New York 


Groundwater is an important geomorphic agent in both 
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balanced coverage of a ubiquitous geomorphic agent 
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A Revolution in Time: Clocks and the 

<“ Making of the Modern World. 

By David S. Landes. 

Harvard University Press: 1984. Pp.482. 
$20, £17. 
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AN antiquarian book dealer, speaking of 
his life’s passion which was not only his 
hobby but also his source of income, once 
said that book-collecting constituted a 
disease for which there is no known cure. 
Professor Landes would admit that lovers 
of old timepieces suffer from a similar 
affliction and that the horological version 
of the disease has long had him in its grip. 
Fortunately for historians and horologists, 
the general course of the illness and the 
patient’s symptoms in his case have 
developed upon somewhat unusual lines. 
They have caused him to write a book — a 
book, moreover, which demonstrates not 
only his enthusiasm for mechanisms but, 
" more especially, his fascination in the civil, 
scientific and economic reasons which en- 
gendered the invention of the mechanical 
clock, influenced its evolution, and gave 
rise to the variety of regions in which it was 
developed. 

The period spanned in this book is 
roughly nine hundred years, beginning 
with Su Sung’s Chinese water-clock, com- 
pleted by ab 1094, and ending with the ad- 
vent of the quartz-controlled timekeepers 
which have effectively brought the story of 
mechanical timepieces to its conclusion, 
The account embraces all the civilizations 





SPRINGBOOKS—————— 


precedes the full one. Fortunately, the 
comprehensive index usually provides the 
answer, but this entails a certain amount of 
to-ing and fro-ing which is vexing to the 
reader caught up in following the main 
thread of argument. 

A historian with a practical bent, Profes- 
sor Landes knows how clocks and watches 
are made and how they work, and a tech- 
nical appendix offers the reader a clear 
explanation of the various forms of escape- 
ment — that part of a watch or clock which 
is the beating heart of all mechanical time- 
keepers. But this. is really subordinate to his 
greater purpose, which is to consider the 
role of the mechanical clock and its influ- 
ence On society, 

In the first of three main parts, entitled 
“Finding Time”, the author poses the 
questions, “Why clocks?’’, “Who needs 
them?’’, and concludes that, in mediaeval 
China, it was the astronomers who were 
largely to blame. In fourteenth-century 
Europe, there was an equally strong desire 
to make self-acting mechanical models. of 
the Universe. Professor Landes is not 
convinced that these complicated 
astronomical machines gave rise to more 
simple clocks in their turn, but is willing to 
concede that the theory exists before 
dismissing it. ‘Keeping Time” and 
‘“‘Making Time’’, the other sections, 
respectively develop the themes of 
technical improvement and increased 
accuracy, and of methods of manufacture. 
The human element, whether applying to 
the makers or to the users, is always 
considered, with the result that this 
treatment of a highly technical subject can 
be understood and appreciated by a non- 
technical reader. 


Another of Professor Landes’s purposes ni : 


is to analyse the reasons for the rise of a 


horological industry in one. country, often 
at the expense of another’s. Why was th 

English watchmaking trade in such a de 
cline by the end of the nineteenth century 
Were the Swiss really caught napping by 
the burgeoning Japanese electronics in- 
dustry in the early 1970s? Was the late nine- 


teenth century machine-made American 


watch ever a serious rival to the high-grade 
Swiss and English hand-made product? At 


the risk of spoiling one story by giving away 


its ending, I shall say that, yes, the Ameri- : 
cans had the Swiss running-scared fora 
brief period, although the Swiss made a 


brilliant recovery, partly by exporting a 
series of ‘‘look-alike’’ watches which had 
the American public fooled, but mostly by 
emulating American production methods. 
Professor Landes is a humorous author 
as well as. a questioning, impartial one. If he 
lapses into the occasional colloquialism, it 


adds to the enjoyment of his book rather 
than detracts from it. The section headings. 
— “The Man Who Stayed to Dinner? _ 


(answer, John Harrison) and “Who Killed. 


Cock Robin” (pass) — are examples of oS 


well-chosen titles which refer to section 
contents. His impartiality stems from wide 
reading and a total grasp of his subject, 
though this is to accuse him neither of sit- 
ting on the fence, nor of producing a “‘scis- 
sors-and-paste’’ book. 

Are there any gaps in the presentation? 
Landes might have laid more stress on the 
fact that the precision timekeepers used at 
sea and in observatories led to a general 


raising of standards in domestic clock- 
work, especially in the late eighteenth cen- Ae 


tury. More recently, what about the electric. 


and countries which have made Deere Syrus Clock, which was 


a contribution to horology, and 
describes the aspirations and 
frustrations of the protagonists 
in the story, together with the 
Meactions which they generated. 
-From the formidable 
compilation of notes on the 
main text (78 pages worth), it is 
evident that the author has not 
merely relied on the standard 
horological literature. In this, 
he has followed the excellent 
example set by one of his 
mentors, Carlo Cipolla, 
another economic historian 
whose Clocks and Culture 
1300—1700 (Collins, 1967) 
represents an earlier attempt to 
deviate from the ‘‘How to doit 
„a Who made it — How much is 
‘Mit worth” schools of horologi- 
cal authorship. It is perhaps a 
pity that Landes, unlike 
Cipolla, fails to provide a bib- 
liography, Although all the 
relevant titles occur in the notes 
at the end of the book, a full 






















reference, once given, is not Art of the clock-maker — a 
suspended terrestrial globe, by Jacques de la € 
it would have been fixed in the cent eof an armillary sphere. 


repeated, and there are occa- 
sions when a brief reference 





ing clock in the form of a 
Garde, Blois, 1552. Originally 


g time from the national grids 
_ into everybody’s home from the 
_g 1930s onwards? No mention of 
-Z those, as far as I can see, and 
_2 never mind at that: I would not 
s have one in the house, any more 
$ than I should care to wear one 
of the electronic miracles on my 
5 wrist. n 

It is obvious that even 
horologists’ passions can be 
aroused, and there are doubt- 
less some passages in Professor 
Landes’s book which will pro- 
voke discussion in other circles. 


look out for it in the reference 
library under the general se 
librarian until itappears =< 


Beresford Hutchinson is 
Horology at the- 
Observatory (Nation 





Museum), Greenwi 







; heralded as bringing accurate 


In the meantime (no pun. 
intended, as Landes says in his. 
account of Greenwich), readhis = 
book and, preferably, purchase.” 
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Inventions: The Patented Works of 
R. Buckminster Fuller. 

By R. Buckminster Fuller. 
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THE most dramatic spiritual conversion 
leaves. the same person underneath. R. 
Buckminster Fuller, whose 28 patents are 
collected in this heavy tome, is a case in 
point. In 1927, at the age of 32, seeing 
himself asa total failure and contemplating 
suicide, he made instead a profound reso- 
lution to commit ‘ego-cide’’. Abandoning 
concern for himself, he dedicated his life to 
the problems of all humanity, to find out 
what one man could do to solve them. As 
the subject of this personal experiment, he 
nicknamed himself “Guinea Pig B” (B for 
Buckminster), What shines through this 
work is that Guinea Pig B was an out- 
rageous egotist. 

Fuller is an appalling writer. He ts 
capable of explaining his commitment to a 
‘‘never-again-for-self-use employment of 
my omni-experience-gained knowledge”. 
And since this book consists of his patent 
applications — a forbidding literary form 
even in skilled hands — and his adulatory 
comments upon them, reading it is like 


trying to bicycle through sand. Further- 


ADVERTISEMENT |. 
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“Dymaxion car’’ of 1933, now seem very 
shallow exercises; and his thinking is often | 


woolly. Thus he repeatedly claims that 
some of his structures are far stronger than 
stress-analysis would predict, and that a 
mysterious ‘‘synergy’’, unpredicted by the 
properties of their components, is at work 


within them. He is also given to sloppy | 


philosophy and sixties-style eco-nut moral- 
izing. This aspect of his thinking cannot 
command respect. 

But Fuller was also one of the great 
originals of American engineering. He 
could imagine in three dimensions, and his 
most interesting patents are those 
concerned with three-dimensional 
structures: 11 geodesic domes, one space- 
filling girder lattice, and a world map. They 
were devised between 1944 and 1975; his 
major contribution to engineering only 
began to crystallize 30 years after he began 
his career as Guinea Pig B. Geodesic 
construction was not new when he came to 
it (Barnes Wallis had used it in the 
Wellington bomber). But his development 
of it into a practical architecture for big 
domes shows real engineering genius. And 
tensegrity construction is Fuller’s alone, 
and it is wonderful. It produces a rigid 
stressed lattice with no continuous 
compression frame; Patent 15, which 
introduces this seemingly impossible form 
of construction, is to my mind the most 
compelling in the book. It is worth perse- 
vering with the convoluted description to 
gain an understanding of how such an 
audacious structure can work. The idea isa 
splendid vindication of Fuller’s resolve of 
1927: it exemplifies perfectly what one 
independent and original mind can contri- 
bute to the world. 

And yet for engineers, tensegrity 
construction is still just a clever idea. Even 
the geodesic dome remains a specialized 
and rather self-conscious architectural 
form. And none of Fuller’s other 
inventions has been seriously taken up, or 


has contributed to the idiom of modern 


engineering. Not much of Fuller’s thinking 
has changed the world we live in; in a sense, 
his most important invention was himself. 


For over half a century, Guinea Pig B- 
| pursued his individual path of engineering 
| creativity quite outside the American 
scientific and technological establishment. 
But this his last book, beginning with his 


relentlessly congratulatory introduction 


| and ending with his 43 honorary degrees | 
| (each with its fulsome dedication) compels - 
| the thought that, so far at least, the main 
| global effect of his bold and courageous | 
| career of self-effacement has been to gain | 
| renown for its author. . ee 
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Roots of Wave~Particie Dualism. 
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X-Rays have become a household word 
through their medical uses. Yet their 
discovery by Wilhelm Röntgen at the end 
of 1895 launched a tremendous publicity 
wave for the phenomenon, a then exotic 
and glamorous topic. Röntgen must have 
been one of the earliest physicists to pen the 
now familiar complaints: “1 could not 
recognize my own work in the reports any 
more... . Gradually I became accustom- 
ed to the uproar, but the storm cost time. 
For exactly four weeks I have been unable 
to do a single experiment!’’. The glamour 


gradually wore off, but puzzlement as to ġġ 


the nature of the new radiation did not. 
The object of Bruce Wheaton’s book is 


_. to clarify the developing understanding of 
X-rays and related phenomena early in the twen- 
tieth century. But it is the physicists’ growing 
awareness that [classical] electromechanical 
explanations of the radiation would not work in 
principle that forms the real subject of this book 
ip.2]. 


The method by which he seeks to realize 
this goal is a detailed reconstruction of the 
course of experimental and theoretical 
studies of X- and y-rays, and some related 
topics in optics and atomic structure, from 
the discovery of X-rays until the presenta- 
tion of de Broglie’s thesis in 1924, sum- 
marizing his work on the wave~particle 
duality for ordinary matter. One of the 
most striking featues of the book is th¥ 






meticulous care with which experimental 
investigations and the theoretical contro- 
versies which they stimulated are recon- 
structed. The rigour with which Wheaton 
strives to avoid introduction of anachron- 
istic elements into his discussion (he 
apologizes profusely at one point when he 
feels such an omission would be too con- 


| fusing), helps to convey to the reader a real 
feeling for the ‘‘state of the art” at various 


periods, including the confusions and 


wrong turns, as well as a sense of the un- 


doubted if irregular long-run progress 


. made in the understanding of these new 
and puzzling phenomena. Here we are far. 
indeed from sanitized text-book versions™ 
_of the history of great scientific discoveries. 
This feature of the book should make it of 





| interest to many readers with a general 


ooa o BB David E.H. Jones is a guest staff member of the L 
harwood academic publishers “| Physical Chemistry Department, University of 

| Newcastle upon Tyne, and a science consultant 
| to industry and the media, He is author of The 


Inventions of Daedalus: A Compendium of 





| electromagnetic in nature; and, if electro- 


interest in the history of science, over and 
| above its obvious appeal to specialists in 
| the history of quantum theory. 


Wheaton details the early controversies 
over whether X-rays were particulate or 
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magnetic waves, whether transverse or 
longitudinal, pulse-like or periodic. He 
stresses the key role that the pulse inter- 
pretation played in the transition between 
“yy Classical and quantum viewpoints. Once 

The wave view predominated, studies of the 
ionizing properties of the new radiation 
confronted physicists with what Wheaton 
calls the paradoxes of quantity and quality: 
how could any wave-like disturbance, 
whose energy spreads out spherically from 
a central target, ionize only a few of the 
atoms in the surrounding region; and how 
could secondary electrons so produced 
each have about as much energy as the 
primary electrons whose deceleration at the 
target produced the rays in the first place? 

Physicists here faced the fundamental 
paradox which was to remain unresolved 
for two decades: a wave-like disturbance 
_ manifested properties most readily ex- 
plained by the assumption that the distur- 
bance consisted of particles! Attempts to 
dodge this paradox are considered by 
Wheaton, notably the triggering hypo- 
thesis (X-rays only trigger the release. of 
energy stored within the atom) and Bragg’s 
attempt to suppress the wave aspect of the 
paradox by asserting that X-rays were 
nothing but a particle beam. Such attempts 
were definitively ruled out by the discovery 
in 1912 of X-ray diffraction by crystals. 

Similarly paradoxical features of visible 
light had been elucidated since 1905 by Ein- 
stein who, by 1909, was publicly calling for 
a theory of light which somehow united 
wave and corpuscular aspects. Wheaton 
Suggests that ‘‘our story developed quite 
independently” of Einstein’s ‘‘imaginative 
and prescient statistical treatment of light” 
(p.xvil). But recently discovered letters 
from Einstein to Sommerfeld (Physikal- 
ische Blätter 40, 29; 1984) show that Ein- 
stein was involved in the discussion, during 
1909 and 1910, between Stark and Som- 
wuerfeld over the interpretation of the 
“observed angular asymmetry in X-ray in- 
tensity. Einstein stressed the paradoxical 
features, insisting (at a time when this was 
not clear to everyone) that light and X-rays 
differ ‘‘only quantitatively’’. 

The little Wheaton has to say about Ein- 
stein’s role in the quantum story includes 
one major inaccuracy. He insists that Ein- 
stein’s special theory of relativity was ‘‘dia- 
metrically opposed to the aether 
ontology’’, and succeeded in ‘‘eliminating 
the aether altogether’? (p.106). Einstein 
was at pains to stress (in one of the 
aforementioned letters to Sommerfeld, 
among other places) that relativity theory 











y ctequired no stand on such ontological 
em issues. 





It forced relinquishment of a 
mechanically interpreted aether, but was 
quite compatible with a non-mechanical 
aether. Indeed, Einstein’s earliest attempt 
to resolve the wave-particle paradox was a 
unified theory (of electrons and light quan- 
ta) based on such a non-mechanical aether 
field. 


X-ray diffraction work, together with 
the inhibiting effects on research of the | 
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First World War, put a temporary stop to 
most experimental studies of the particu- 
late aspects of radiation (with the notable 
exception of Millikan’s work on the photo- 
electric effect). The great successes of the 
Bohr theory from 1913 on in understand- 
ing atomic structure and identifying atomic 
energy levels posed most acutely the ques- 
tion of the photoelectric effect and its 
X-ray and y-ray analogues. Post-war work 
on these problems made it more and more 
difficult to avoid facing up to the wave- 
particle paradoxes, first glimpsed over a 


_ decade earlier. Maurice de Broglie’s group 


in Paris, which included his younger 
brother Louis, played a prominent role in 
this research. Wheaton shows how this 
work formed a natural background out of 
which Louis’s brilliant idea of transferring 
the wave-particle paradox from radiation 
to matter could emerge. With a brief indi- 
cation of the stimulating effect of de 
Broglie’s work on the ideas of Einstein and 


Schrédinger and the experiments of | D 


Davisson and Germer the book ends. 


Readers may want to consult Vol.1 of | § 


Mehra and Rechenberg’s recent Historical 
Development of Quantum Theory (Spring- 
er-Verlag, 1983) for additional details on 
and somewhat different interpretations of 
de Broglie’s work and various other topics 
treated by Wheaton. 

Wheaton tries to weave into the book a 
running contrast between ‘‘the mechanistic 
bias of British physicists” leading to the 
‘British proclivity to seek mechanical 
models” (pp.5-6) and ‘“‘German mathe- 
matical physicists’? who ‘‘were not deter- 
red by an inability to represent physical 
concepts mechanically” (p.7). He himself 
notes that “Larmor in Britain held views 
similar to those.of many Germans” (p.7) 
and we can at once add the names of Poyn- 
ting, Campbell, Pearson and Eddington to 
the list of British crusaders against mechan- 
ism. On the other hand, prominent Ger- 
man theoretical physicists such as Voigt, 
Boltzmann and Helmholtz (and the adole- 


scent Einstein in. his first scientific essay!) 


expended considerable effort to construct 
mechanical models of the electromagnetic 
aether. Given that we are talking about a 
small number of physicists in each country, 
it is hard to see which names go to make up 
the rule and which constitute the excep- 
tions. It would seem wiser at this time to try 


to trace out the growth and interrelation- 


ship of smaller units, such as schools cen- 


tred around leading figures or centres of- 


physics research, rather than attempt to 
make sweeping generalizations about nat- 
ional styles of scientific research. For ex- 
ample, how would Wheaton explain the 
fact that “Deutsche Physik”, of which 
Lenard and Stark were to boast a decade 
after Wheaton’s story ends, prided itself on 
just those characteristics he attributes to 
British proclivities? a 





John Stachel is Pr fessor of Physics at Boston 
University, and Editor of the collected papers o f 
Albert Einstein, the first volume of which is 
scheduled to sopa next year. 
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by G.J. Toomer. 
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CLAUDIUS Ptolemy’s geocentric syster has. 8 
long since been dumped into the dustbinof 
discarded theories. Why, then, is anyone 
still concerned with his hoary treatise? Itis 
because Ptolemy’s Almagest, more than 
any other book, convinced people thatthe. 
seemingly complex phenomena of the 
heavens could be represented by a simple 


Star. iret — apere depicted on the Campa- 
nile del Duomo, Florence. 


underlying mathematical description, one 
that afforded the possibility of continuing 
prediction of celestial events. Certainly this 
was a milestone in the development of | 
science. 

G.J. Toomer’s new English edition of 
Ptolemy’s classic treatise is more than just. 
afresh translation. It is a most intelligently — : 
arranged presentation with a running, 


critical commentary at the foot of nearly. 


every page, and it is based on anew reading. 
of both the Greek and Arabic manuscripts. 
Included are a score of supplementary — 
diagrams that clarify (especially) Ptolemy’ 5: 
instruments and his complex latitude 
theory, a brief introductory section th 
clues in the reader with respect to the ti 
nical. background that Ptolemy. assum 
(such as ancient calendarial systems). an 
three appendices that give examples of 
numerical problems and textual varia: 
What Toomer has produced is- 
edition in any language, one 
remain the standard preferred 
years to come. Ptolemy's A 
clearly the most important volu 
pustery of ancient scienc 

























Mathematical Astronomy, published nine | 


years ago by Springer-Verlag. | 

In many respects, Ptolemy’s work is to 
applied mathematics as Euclid’s Elements 
is to pure mathematics. The Almagest 
begins with instructions for computing the 
trigonometric chord function, and 
continues by applying these in a long series 
of proofs, constructions and specific deri- 
vations of numerical parameters from his 
observational material. Fortunately 
Toomer has not hesitated to use an 
anachronism, the equals sign (which did 
not come into common usage until the 
sixteenth century), and he has carefully 
arranged his equations with the equality at 
a fixed position in the middle of the page. 
He has also adopted a double degree sign, 
°° for the ‘‘demi-degrees’’ that Ptolemy 
uses in order to facilitate his clumsy trigo- 
nometric manipulations. This attention to 
detail has produced a new level of elegance 
for the work, and, in combination with 
highly specific running heads, makes 
Ptolemy accessible as never before. 

Ptolemy’s attempt to be the Euclid of 
applied. mathematics. was fraught with 
certain difficulties, because observational 
data are not quite as tidy as the abstractions 
of pure points, lines and spaces. It is thus 
not surprising. that his pioneering effort 
harbours certain ambiguities and outright 
botches. Untamed nature is not so easily 
brought into a mathematical harness. In his 
preface, Toomer allows that Ptolemy has 
manipulated his material “‘in order to 
present an appearance of rigor in his 
theoretical treatment which he could never 
have found in his actual experience”. 
Indeed, Ptolemy, like astronomers today, 
undoubtedly built his edifice on a great 
array of traditional techniques and data, 
rejecting, adjusting or incorporating them 
as he saw fit. To examine how these 
various elements blend together is both a 
fascinating and a worthwhile research 
endeavour. 

Not everyone has been willing to investi- 
gate Ptolemy with such scholarly calmness. 
In his The Crime of Claudius Ptolemy, 
published in 1977, the Johns Hopkins 
geophysicist R.R. Newton maintains that 
Ptolemy’s work is riddled with deceit and 


concludes that it would have been better į 


for astronomy if the Almagest had never 
been written, Newton’s conclusion is at 
worst so extreme as to be silly, and at best a 


careful examination of the text. Here are 






motions of | do not come up to 


his own epoch 


‘thereby bringing. 


cept by an extra addition, 


quarters that these tables were pilfered 
from an earlier source. ‘‘Despite Ptolemy’s 
clear statement here of his motivation [for 
the arrangement], it has been the subject of 
much fruitless debate’’, notes Toomer on 
p.140. “By the time he came to compose 
the Handy Tables, he had realized the 
inconvenience of this arrangement, and 
switched. . .”’. 

@ For some centuries there has been 
speculation that Ptolemy’s extensive star 
catalogue, which occupies the better part 
of two of the 13 books comprising the 
Almagest, was taken over wholesale from 
his predecessor Hipparchus. There exists 
no direct evidence, however, for any 
systematic set of numerical positions 
compiled by the earlier astronomer. While 
Toomer does not argue for Ptolemy’s 
originality in compiling the catalogue, he 
makes it clear that he believes any attempt 
to credit the positions to Hipparchus is 
unfounded. In commenting on the text 









leading up to the actual star list, he notes 
| (p.330) that 


all the evidence is in favour of the hypothesis 

that Hipparchus did not record stellar positions... 
in latitude and longitude (except for a f 
special cases. . .). Otherwise it is impossible to 
explain why Ptolemy went through the cumber- 
some process of comparing declinations, 


| instead of simply comparing latitudes observed 


by Hipparchus and himself. 


Extensive though his notes are, Toomer 
does not speculate on the origins of the 
Ptolemaic planetary models, nor on their 
development in Ptolemy’s later works. 
Nevertheless, this monumental volume 
now paves the way for further investi- 
gations of what, precisely, was going on in 
ancient applied mathematics, an analysis 
that should bring a fuller understanding of 
the roots of our own modern science. L 





Owen Gingerich is Professor of Astronomy and 
the History of Science at the Harvard- 
Smithsonian Center for Astrophysics, Cam- 
bridge, Massachusetts. 
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Stephen P. Maran 








The New Astronomy. 

By Nigel Henbest and Michael Marten. 

Cambridge University Press: 1983. 
Pp.240. £12.50, 324.95. 





IN The New Astronomy, Nigel Henbest 


and Michael Marten celebrate the recent 


achievements made through digital image 
processing and (for some spectral regions) 
through the use of two-dimensional 
detectors. In computer-generated astro- 
physical images, colour may represent 
intensity or polarization of light, a physical 
parameter such as temperature or strength 
of magnetic field, or the rate of change of 
any such quantity with position in the sky. 
So not only are the pictures reproduced in 
this book of aesthetic appeal, they are 
pregnant with information. 

Some of the most dramatic contrasts 
between separate views of the same object 
are provided by jovian imagery. Compared 
with a highly-detailed Voyager photograph 
of Jupiter, infrared scans show a seemingly 
more ordered planet, while radio and 
X-ray images are so different from the 
usual picture that an uninitiated 
astronomer might well mistake the target. 


The X-ray Jupiter comprises two separate 


sources, but 6-cm radio waves define a tri- 


partite Jupiter, a central oval flanked by 
two smaller patches, orientated at right | 


angles to the X-ray sources. Especially 
striking are correlated sequences depicting 
emission from the jovian magnetosphere: 
the pattern of 21-cm wavelength continuum 
sources wobbles up and down as Jupiter 
spins, while in the corresponding radio 
polarization maps the dominant mode of 


circular polarization reverses as the planet 


presents first one magnetic pole towards 





the Earth and then the other. : 

The educational impact of the ius- 
trations in The New Astronomy is typified 
by the colour-coded radial velocity maps of 
the Andromeda galaxy. From these it is 
clear which side of the galaxy is turning 
away from us and which side towards us; 
shades of red (as in redshift) denote re- 
cession velocities and approach velocities 
are represented by cooler green and blue, 
while off-colour patches signal velocity 
pattern disturbances that may correspond 
to density waves which maintain the spiral 
arms. 

A few points, if addressed, should lead 
to an even better second edition of the 
book. The presentation of visible, ultra- 
violet and X-ray solar images would be 
much improved if these were based on 
photographs made on the same date and 
thus referring to the Sun in the same con-™ 
dition. Consistency has gone too far in the 
captions for a set of ultraviolet, X-ray and 
gamma-ray sky maps. In each, the wave- 
length is expressed in nanometers, but this, 
together with deliberate avoidance of 
powers-of-ten notation, results in a des- 
cription for one map (‘‘0.000 000 2 - 0.000 
02 nm’’) that neither novice nor expert can 
appreciate. Finally, some images need 
marker lines at the borders, or some 
judiciously applied arrows: few readers will 
identify Eta Carinae in the photograph 
of complex nebulosity from the informa- 








tion that the star is ‘‘at the lower-left end _ 
of the small banana-shaped dark cloud’’. sy 


For the non-specialist, this is a fine guide ™ 
to the spectacle of modern astrophysics. 
Professional astronomers will find the 
book, with its detailed list of picture 
sources, the right place to identify the best. 
new illustrations for lectures and articles.) 





Stephen P. Maran is a Senior Staff Scientist in 


-the Laboratory for Astronomy and Solar _ 
Physics at the NASA-Goddard Space Flight 
_ Center, Greenbelt, Maryland. ee ee 
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medicine, 
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“sg The Solar System. 


y Roman Smoluchowski. Pp. 174. 
The Discovery of Subatomic Particles. 
By Steven Weinberg. Pp. 206. 

Fossils and the History of Life. 

By George Gaylord Simpson. Pp.239. 
Human Diversity. 

By Richard C. Lewontin. Pp. 179. 

The Science of Musical Sound. 

By John R. Pierce. Pp. 242. 

Volumes in the Scientific American 
Library, published by W.H. Freeman. * 
Each book £10.95. 





SERIES of books are to be mistrusted 
because the initial concept can all too easily 
become a substitute for later thought. I 
paused when I saw the titles of this batch of 
five from the Scientific American Library. 
After the unlikely Powers of Ten, the first 
under this new imprint (reviewed in Nature 


am. 306, 125; 1983), they seemed too obviously 
-x the topics that anyone might jot down on 


the back of an envelope when proposing a 
series of popular books on science: planets, 
atoms, fossils, human genetics — oh, and 
music to prove you are not philistine. The 
difference here comes in the quality of the 
authors, who combine eminence in their 
fields with proven gifts of exposition. 

In the flotilla leader, Powers of Ten, 
Philip and Phylis Morrison in collabora- 
tion with Ray Eames brought full circle the 
idea of depicting the world at different 
scales, from the intergalactic to the sub- 
atomic. That concept originated in Kees 
Boeke’s book Cosmic View, was developed 
in two movies by Charles Eames, and came 
back between covers in the new and more 
vivid book. With the handsome volumes in 
_front of us, and others from such authors 
Ms Christian de Duve, James D. Watson 
-and David Hubel coming over the horizon, 
all of them propelled by the enthusiasm of 
Gerard Piel of Scientific American, what 
response can there be but immediate sur- 
render to this firepower? 

Doubts persist because these beautifully 





*In the United States these books are first made 
available only to members enrolled with the 
Library (for details write to W. H. Freeman, 41 
Madison Avenue, New York, NY 10010). In gen- 
eral, titles are then released to the book trade 
about one year after their initial appearance. 
Currently available through the trade are 
Powers of Ten ($29.95), and Human Diversity 
wand The Discovery of Subatomic Particles 
327.95 each). The other titles reviewed here will 
be released later this year. 

In the United Kingdom, Europe, Africa and 
the Middle East all the above titles are available 
through the book trade in the usual way, New 
titles can be obtained through the trade as they 
are published, at approximately two monthly 
intervals. On Size and Life by Thomas A. 





McMahon and John Tyler Bonner and 


Perception by Irvin Rock will be available in 
May, both at £14.50. 
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printed and illustrated books look very 
similar. That raises another problem about 
series: either the authors are forced unhap- 
pily into a procrustean bed of editorial 
devising, or else their idiosyncracies pop 
out unconformably, which may be confus- 
ing to readers who expect one kind of book 
and get another. Although I am glad that 
the Scientific American Library (they do 
not call it a series) veers towards individual- 
ity rather than predictability, the standard 
format carries an implication that the 
reader who can cope with the fossils should 
also be happy with the physics. For these 
reasons, the books must be judged indivi- 
dually, yet also as a variety of solutions to 
the problem of presenting expert know- 
ledge to a general readership. 

The most straightforward exposition is 
Roman Smoluchowski’s The Solar System. 
This is the space-age Solar System, with all 
the new imagery to draw on (including a 
composite Voyager view of the south pole 
of Jupiter with a giant Jovian crustacean in 
the middle, which turns out to be “an arti- 
fact of the imaging process’*). We also have 
Venus mapped by radar, and astronauts on 
the Moon. The book summarizes the latest 
knowledge about each object in turn, and 


comments on current riddles — the missing | 


solar neutrinos, Mercury’s magnetic field, 

Venus’s retrograde motion, the evidence 
for the past torrents of water on Mars, and 
the ‘‘astounding’’ revelations about 
Saturn’s rings. The essay on Jupiter, 
Saturn and their respective moons is the 
best in the book, and makes an interesting 
contrast with the earthbound speculations 
about Uranus and Neptune; Voyager 2 will 
not reach Uranus until 1986. Smoluchow- 
ski’s afterword on life in the Sun’s environ- 
ment leads to a robust though ‘‘disappoint- 
ing” conclusion that ‘‘it is most unlikely 
that any form of even the most primitive 
life exists now in the solar system outside 
the Earth’’. 

Entirely different in approach is Steven 
Weinberg’s The Discovery of Subatomic 
Particles. From a recent Nobel prize- 
winner, readers might well expect a stop- 
press report on charmed quarks, W parti- 
cles and the like. If so, they will be disap- 
pointed: this is prehistory, centred on 
events at the Cavendish Laboratory 


between 1897 and 1932, with only a brief 


postscript about mesons, strange particles 
and quarks. While Weinberg indulges his 
evident pleasure in the story, he uses 
‘*flashbacks’’ to explain the classical 
physics underpinning the sub-atomic dis- 
coveries. For example he starts off with 
J.J. Thomson identifying the electron, but 
immediately interrupts himself with 15 
pages of historical disquisition on electri- 
city, discharges in vacuum and Newton’s 
laws of motion, while poor J.J. is waiting 
to switch on his apparatus. I do not believe 
this is how non-physicists want to hear 
about it. Weinberg’s.crypto-mathematical 


approach also makes the progress of- 


physics early in this century seem logical 
and robot-like, rather than the roller 





coaster that it really was, and we are denied 
the intellectual climax to the story becaus 
the quantum theory falls outside his 
imposed syllabus. 7 
A book from George Galon Simpson 
the guru of American palaeontology; is a 
the more welcome because he defied illnes 
to complete Fossils and the History of Life, 
which is packed with authoritative infor- 
mation. It is also conservative in its treat- 
ment of current controversiesinpalaeonto- 
logy. Even continental drift comes asa ae 
postscript to the traditional biogeography 
of waif dispersal and land bridges. The 
Eldredge-Gould critique of.: phyletic 









ilustration Library-style —- the picture, of 
Robert Wadlow who was 8 feet 1034 inches tall 
at the age of 20, is reproduced from On Size and 

Life. See the footnote on this page for 
publication details. 


gradualism is described as an attack ona = 
straw man. Other heresies get shorter - 
shrift: the neutral theory of ‘molecular 
evolution, the evidence for a cosmic impact 
terminating the Mesozoic and the banish- 
ment of Ramapithecus from the human 
lineage. That may be a pity because if these - 
ideas prevail, as some now seem likely to. : 
do, Simpson’s dismissal of them may dimi: 
nish the long-term value of the book. 
Moreover, when his treatment of. evolu- =o 
tionary mechanisms becomes argumentas = 
tive, the author’s use of language slipsfrom = 
vivid explanation into the denser termino- e 
logy of the seminar. 

Like Smoluchowski’s The Solar S ‘stent; 
Richard Lewontin’s Human Diversity is a. 
wonderfully updated exposition of an ol 
theme. Yet for every hundred peopl 
have seen spectacular spacecraft 
the planets, I doubt if one is fam 
the discovery by Lewontin and 
Harris of the wholesale molecul: 
morphisms. They illuminate th 
similarities and differences bet ý 



















duals and between populations, and also 
reflect the migrations of identifiable 
human groups that kept acquiring differ- 
ences and then re-stirring the genetic pot. 
The biochemistry does not entail genetic 
determinism. Lewontin stresses the plasti- 
city of the human endowment, and the 
interaction of genotype and environment 
in producing adult variations. “‘The 
heritability of MN blood type is 100%, and 
the heritability of the ability to pronounce 
rue like a Frenchman is zero”. Human 
Diversity is a book that non-biologists will 
have to read carefully, because of a spatter- 
ing of jargon and the subtleties of the sub- 
ject, but the effort will be well rewarded. 

While Lewontin’s takes pride of place on 
my shelf as arguably the most important 
book of the five, it is Pierce’s that finishes 
up at my bedside — also on my record 
player, because two disks come with The 
Science of Musical Sound. This is a per- 
sonal and practical exploration of the sub- 
ject by a distinguished electronics engineer 
who, besides being a pioneer of computer- 
generated music, also writes science fiction 
as J.J, Coupling. From a deceptively ele- 
mentary start with the behaviour of 
stretched strings, the reader soon finds 
himself among the paradoxes and illusions 
that flower in the no man’s land between 
physics, perception and art. Whether 
Pierce is dealing with scales, harmony, 
loudness or timbre, or with misadventures 
in architectural acoustics, he combines a 
lucid and lively presentation of the facts 
with shrewd discussion of the mysteries. 
His message is that the computer tran- 
scends all the limitations of previous musi- 
cal instruments and offers many novel 
effects; these await only the supply of new 
genius that is not overpowered by the 
genius of the past. Although The Science of 
Musical Sound is entirely different in con- 
tent and style from Powers of Ten, which I 
mentioned at the outset, they share an en- 
thusiasm and delight which are muted in 
the other books. 

From this batch of books, what should 
we conclude about the merits and problems 
of series-like publication of science for a 
general readership? The authors all have 
star quality, but inevitably they appear 
with variable magnitudes in this constella- 
tion. My guess is that the best of the books 
(Smoluchowski, Lewontin and Pierce) 
would have appeared willy nilly, from 
authors already full of their ideas. If the 
Scientific American Library is to take well- 
deserved credit for giving them a ride in its 
gleaming vehicle, then equally a question 
hangs over others that have an air of 
coming aboard to oblige the driver. These, 
I must stress, are in the minority. Quality 
control in the production of popular 
science, as with all books, is nevertheless a 
matter of making quite sure that every 
author has a fresh and exciting story to teil. 


Nigel Calder is a science writer. His most recent 
book is Timescale: An Atlas of the Fourth 


Dimension (Chatto & Windus, 1984). 
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organization — 
in mind 
Stuart Sutherland 


Frames of Mind: The Theory of Multiple 


Intelligences. 

By Howard Gardner. 

William Heinemann/ Basic Books: 1984. 
Pp. 438. £18, $23.50. 


UNTIL about forty years ago, the fashion- 
able psychologist rose to fame by propos- 
ing majestic theories that were une grande 
mélange de tout. William James, Ivan 
Pavlov, J. B. Watson and the Gestalt 
psychologists took the whole of human be- 
haviour into their purview. The last in this 
romantic line was Donald Hebb: I remem- 
ber the excitement generated in 1949 by the 
publication of his book, The Organisation 
of Behaviour — a typically modest title. 
Unfortunately, most of the theorizing in 
such books was as vague as the scope was 
broad, and psychologists came to work in 
more restricted domains. They felt it better 
to provide rigorous explanations for such 
fascinating phenomena as the movement 
evinced by a stationary point of light in a 
dark room or the faster learning of non- 
sense syllables at the beginning and end ofa 
serial list than of those in the middle. Now, 
after a gap of 35 years, Howard Gardner 
has reverted to the grand tradition. No one 
can challenge the scope of Frames of Mind: 
it remains only to debate its rigour. 
Gardner puts forward a faculty psychol- 
ogy. The idea that the human mind con- 
tains discrete and autonomous faculties is 
of course not new. It gave rise to phrenol- 
ogy and was subsequently defended by 
such practitioners of mental testing as L.L. 
Thurstone and J.P. Guilford. They at- 
tempted to uncover the different faculties 
by giving subjects an array of tests and per- 
forming a factor analysis on the results in 
order to extract a small number of hypothe- 
tical factors that would account for the cor- 
relations between the individual tests. As 
Gardner rightly points out, the enterprise 


foundered because there is no one solution | 
to a factor analysis and because the tests 


given were arbitrary. 

Gardner’s originality lies in the composi- 
tion of the seven faculties into which he 
claims human intelligence can be divided, 
and in proposing seven ‘‘unmistakable 
marks, by which you may know, whereso- 
ever you go, the warranted, genuine” 
faculty. He describes his faculties as ‘‘intel- 
ligencies’’, but I shall keep to the old- 
fashioned word ‘‘faculty’’ since inteli- 
gence is not a count noun and to use it as 
one is a mockery of Gardner’s first faculty, 
that for language. The other faculties he 


proposes are musical, logical-mathemati- 
cal, spatial, bodily-kinaesthetic, and intra- 


and extrapersonal. Spatial ability is the 
capacity to manipulate the world in the 
imagination: it is required for map- 
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reading, for much of science, and for all 
painting; bodily-kinaesthetic ability is re- 
quired both for moving the body and for 


| manipulating the external world and is, 
according to Gardner, a prerequisite f 


dancers and inventors. The intraperson 
faculty is used to understand oneself, while 
the interpersonal one is for understanding 
others: Gardner seems in some doubt 
whether to classify these as two separate 
faculties or as different aspects of the same 
one. 

Some may feel a sneaking suspicion that 
Gardner chose his seven faculties through 
common sense and then looked for sup- 
porting evidence by the use of his criteria, 
but that is a perfectly legitimate way to pro- 
ceed. The criteria he has devised are as 
follows. First, each faculty should depend 
on a set of core operations that differ from 
one faculty to another. Many of the com- 
putations needed to use or understand 
language are clearly different from those 
needed by the spatial or bodily-kinaesthetic 
faculties. To understand language, how- 


ever, itis surely necessary to make use ofall . 
the remaining faculties (though which is 4@ 


needed at any instant will depend on the 
topic of discourse), a point which Gardner 
does not adequately consider. Second, the 
existence of a particular faculty may be in- 
ferred if there are brain lesions that damage 
its operation while leaving the others unim- 
paired: showing that the computations 
underlying each proposed faculty are car- 
ried out in different parts of the brain is 
presumptive evidence that the computa- 
tions themselves are different. This criter- 
ion works moderately well for most of the 
faculties, but it seems doubtful if personal 
intelligence can be impaired by brain 
damage without deterioration in many of 
the others. 

A third and novel criterion is the exist- 
ence of a heightened form of a single 
faculty in idiots savants, whose other abili-, 
ties are severely impaired. They may at 
tempt to compensate for a general loss in 
intelligence by developing to their utmost 
any faculty that has been spared. Some 
idiots savants have shown remarkable 
ability at such tasks as calculating the day 
of the week on which a particular calendar 
date falls, though it should be noted that 
none have become great or even good 
mathematicians. It is in fact open to ques- 
tion whether rapid calculations and real 
mathematical ability have much to do with 
one another. 

Among the other criteria that Gardner 
uses are a distinctive evolutionary and 
developmental history for a given faculty. 
Neither of these is very compelling. We 
know little about the evolutionary history 
of most of the faculties he identifies, and it 
may be that in the individual the develop- 
ment of one faculty is tied to progress in 
another: thus, a child can hardly begin to 
enumerate objects (logical-mathematical) 
before having the concept. of an object 
(spatial) and without some spatial know- | 
lege it could not display much in the wayof. 
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manipulative (bodily-kinaesthetic) skills. 
Gardner further proposes that it should 
be possible to encode the operation of any 
faculty in a symbol system. This criterion is 
in part empty since almost all conscious 
thought processes can be so encoded. How- 


“ever, one of Gardner’s faculties, bodily- 


kinaesthetic, is very difficult to encode as 
anyone who has attempted to teach golf to 
beginners well knows. Moreover, it is ex- 
tremely difficult to encode unconscious 
aspects of other faculties, for example, 


syntax, and Gardner’s use of this criterion | 


is obscure. 

His final criterion is that there should be 
more correlation between the results of 
tests that depend on the same faculty than 
between those that depend on different 
ones. This appears to be true of tests of 
linguistic and spatial skill, and although 
Gardner does not mention it, it is also true 
of tests of bodily ability. Less favourable to 
Gardner’s thesis is the fact that whenever a 
battery of tests is given, the results on all 
tests tend to correlate with one another 
(with the possible exception of tests of 


4 body skill). It is of course precisely on these 
“ correlations that the notion of general. 


intelligence (or g as Charles Spearman 
called it) is founded. Gardner does little or 
nothing to explain why, if the different 
faculties are completely independent, there 
should be such a high correlation between 
tests that ostensibly draw on several of 
them. 

I have already noted that the develop- 
ment of the faculties may not be inde- 
pendent and that more than one may be 
used in the same task. The latter point 
Gardner himself acknowledges, but he fails 
to draw an important conclusion. In order 
to integrate the results of computations 
performed by two or more faculties, there 
must be some further computational 
mechanism at work that lies outside the 
individual faculties. Gardner decries the 
‘Mneed for such a ‘horizontal’ mechanism, 
` but does not consider the question care- 
fully enough. In the extreme case, the 
system could break down because one 
faculty was waiting on an input from a 
second in order to do further computation, 
while the second was waiting for an input 
from the first. For the same reason, 
Gardner’s treatment of metaphor is weak: 
how could one faculty take as a metaphor 
something drawn from another unless it 
had a knowledge of how the other worked? 
A further argument that there is a super- 
ordinate mechanism to coordinate the 
knowledge processed in each of the 
faculties may be drawn from the effects of 





# frontal lobe lesions, which often severely | 


"impair the ability to plan: this impairment 
is not limited to any one of Gardner’s seven 
faculties. 

If Gardner is weak on the horizontal 
organization of the mind, he is even weaker 
on its vertical organization. By almost all 
of the criteria he lists, vision and audition 
should be special faculties though much of 


_ their output is fed to other faculties (for | 








SPRING BOOKS 
example, audition makes possible both 
language and music). Again, it is well 
known that anterograde amnesia can be 
produced in all domains by damage to the 
hippocampus. Even if memory is not a 
horizontal ability, this finding suggest that 
the different faculties share some common 
mechanism for the laying down of new 
memories. 

One can also ask whether Gardner has 
cut his faculty cake correctly. It is in fact 


not easy to think of tasks whose perform- 


ance cannot. be accounted for by know- 
ledge embedded in his seven faculties, but 
this is partly because several may be em- 
ployed in the same task. Nevertheless, one 


could ask in which faculty resides a wine- 


taster’s skill or even the ability to discrimi- 
nate sounds that are neither verbal nor 
musical. 

Despite the interest of Gardner’s general 
thesis, his book has several annoying de- 





Trick of perception 
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In this diagram the eye sees contours that are not 
present (illusory contours), and the figure so 
defined seems whiter than the surrounding area. 
The illustration is taken from Irvin Rock’s 
Perception, a volume in the Scientific American 
Library. See footnote on p.791 for publication 
details. 

fects. The worst is a trait that he shares with 
his predecessors. in the grand tradition — 
vagueness. Nowhere does he try to charac- 
terize in rigorous terms the operations 
carried out by the different faculties. 
Indeed, he decries computer simulations 
(which are the only rigorous theories of 
mental activities yet constructed), largely 
on the grounds that they are not biological. 
If he examines the work of David Marr and 








others, he will find that computer models | 
can take into account neurophysiological | 


findings. There are other passages where he 
is alarmingly naive: for example, he avers 
that work demonstrating the existence of 
cells that respond selectively to complex 
objects, like a hand or a face, has thrown 


much light on object recognition. Such re- | 


search has not in fact illuminated this prob- 
lem, since to understand how an object is 
recognized we would need to know how the 
cell is wired-up. He also has a habit of 
ducking difficult issues: he writes, for ex- 
ample, ‘‘The phi : 
surrounds the ci 






pt of mental imagery 


can also be left to the experts”. 


»phical ambiguity that | 








Gardner is an enthusiast, w 
Beaver, goes ‘“‘bounding along 
his tail’’. He is extremely discur; 
that will please anyone wantin 
ficial romp through science, m 
ing, architecture, dancing, base’ 
on, but that may well dismay anyone inte 
ested in rigorous arguments and upset any 
one with much knowledge of the topic 
covered. His surveys too often lea himto 
such unremarkable conclusions as “One 
cannot aspire to be a poet without sensitivi 


_ ty to the interaction among linguistic con- a 


notations”, “painting and sculpture in- 
volve an exquisite sensitivity to the visual _ 
world as well as an ability to recreate it in nes 
fashioning a work of art”, or “certain — 
features typically characterize the baseball 
player. . . there is. . . the ability to throw. K 
the ball where one wants it”. It is perhaps. Ka 
no accident that in discussing science, 
Gardner fails to mention that one of its 
main attributes is the rigour with which its 
theories are expressed. His book also con- 
tains potted accounts of such figures as. we 
Von Neumann, Einstein and Rubinstein, 
and lengthy excursions into anthropology 
to illustrate how the different faculties are 
exhibited in different cultures. It ends with |” 
a lengthy section in which Gardner at- 
tempts to apply his notion of faculties. to | 
education. Much the most interesting part- 
is an account of the Suzuki method of 
musical education developed in Japan. In- 
fants are trained almost from birth, and 
can often play violin concerti faultlessly by 
seven years of age. But Gardner’s own re- ae 
commendations are as vague as those of 
most other educationalists. “Early assess- 
ment... allows an individual to proceed 
as rapidly as seems warranted in thoseinte 
lectual channels where he is talented, even 
as it affords an opportunity to bolster those 
intellectual endowments that seem relative: 
ly modest’’. vo 

Gardner is a polymath, who has clearly 
developed all seven faculties, though as the 
quotations from his book suggest, his 
linguistic faculty could, in his own words, 
do with bolstering. His main thesis is inter- 
esting, butit is a pity he did not cutthetrim- 
mings, many of which are banal, and con- 
centrate on workingit out in moredetail. In 
particular, he might have attempted to = 


Characterize more carefully some of the ae 













operations conducted in each domain, to. 
give a more detailed and careful account of- 
the horizontal interactions between facul. 
ties, and to deal more thoroughly with per- 
ception, memory and planning. Too often. 
he prefers to leave the hard work to some- 
one else. One suspects that once we know 
what are the computations performed by 
the mind and how the requisite software - 
comes into existence, it will become clear 
that human faculties are much more b 
red than he would have us believe or 
that they are as elusive as the Snark its¢ 





Stuart Sutherland is Director of the Centre F 
Research on Perception and Cognition, Uni 
sity of Sussex. a 
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A Slot Machine, A Broken Test Tube: 
An Autobiography. By S.E. Luria. 
Harper & Row: 1984. Pp.228. $17.95. To 
be published in the UK on 
31 May, £12.50. 
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AN autobiography allows a man the oppor- 
tunity to tell all about his life and work, to 
reveal his secret motives and ambitions, 
and to give a personal view of the world and 
the people he has known in it. For many 
scientists, total self-revelation might be 
almost indecent; there is the professional 
stance of objectivity and rationality and, 
more to the point, there is that stuffy, 
critical audience of colleagues. Scientists 
are second only to politicians in taking 
themselyes very seriously and in erecting 
deeply boring literary monuments to them- 
selves. Perhaps only the old and very 
accomplished, who no longer care what 
people think of them, and, possibly, the 
slightly mad, who don’t mind, can write 
provokingly about themselves. The reason 
why Jim Watson’s The Double Helix is a 
marvellous book is not that it demystified 
the historical process of the scientific 
endeavour, as has been said, but rather that 
it tempered the drama with high comedy 
and, at the end, the person who emerged as 
the worst (as well as the best) was the 
author himself. | 
Salvador Luria, Sedgwick Professor of 
Biology at the Massachusetts Institute of 
Technology, would agree with most of this, 
and he sets the challenge in the preface: “I 
have found most biographies of scientists 
remarkably uninteresting and their auto- 
biographies even more so”. The book he 
has written is deliberately personal — a 
confessional account of himself and his 
‘scientific, political, literary and other 
interests. The treatment is not chrono- 
logical and the author explains that he iS 
replacing this by a developmental 
approach which he sees in existential terms, 
the self defining itself by creative acts of 
will in response to the outside world. 
Indeed, in the preface the reader will find a 
theory not only of life but also of meta-life, 
or autobiography. 
- However, the most interesting part of 
the book is the story of Luria’s early years. 


He was born in 1912 in Turin, Italy, into a | 


branch of one of the oldest Jewish families. 
A contemporary at school was Ugo Fano 
who later become a physicist and played an 
important role in Luria’s life in giving him 
Max Delbriick’s papers to read; I did not 
realize that Luria knew of Delbriick before 
he went to America. Luria studied 


medicine, spent some time in Rome, left | 


Italy for France in 1938 and escaped to 


-. America in 1940. It is a great pity that he 


devotes only 19 pages of the book to this 







‘ta 


more about this time of his life; given his 
avowed existentialist views, he should have 
told us more about the formative years 
instead of merely flitting through them. 
Indeed, the remainder of the historical nar- 
rative is treated in the same brief manner, 
and is like an abstract of an autobiography 
rather than the book itself. 

The middle part, ‘‘The Science Path’, 
describes his scientific work and develop- 
ment. All elderly molecular geneticists 
know of the Luria-Delbriick fluctuation 
experiment which proved =... yy 
that mutants pre-exist in 
bacterial cultures and do 
not depend on exposure 
to the agent used to select 
them. The experiment 
consists in measuring the 
variation of mutant 
frequency in independent 
experiments. Luria re- 
counts how he got the 
idea at a faculty dance at 
Indiana University in 
1943 by watching some- 
one using a slot machine 
(one reference to the title | 





of this book). The experiment was intended 


to refute the views of Sir Cyril 
Hinshelwood who did not believe in genes 
or mutation but only in chemical 
equilibria. I happen to know it did not con- 
vince him at all, because I spent several 
months at Oxford in 1952 and 1953 doing 
enough fluctuation experiments to prove to 
Sir Cyril that the results could not be ex- 
plained by dirty test tubes. The broken test 
tube of the title also refers to another of 
Luria’s experiments which led him to the 
discovery of the restriction phenomenon, 
research which has had a great impact. 


African ancestors 


C.K. Brain 


One Life: An Autobiography. 
By Richard E. Leakey. 
Michael Joseph: 1984. Pp.207. £10.95. 











TO HAVE been born into the Leakey family 


of East Africa meant that, from birth, one — 


was immersed in African antiquity, fossils 
and discussion of human origins. Under- 
standably enough, Richard Leakey’s first 
reaction was to distance himself from 
things academic and from the research acti- 
vities of his illustrious parents, Louis and 
Mary. But the allure of fossil man drew him 
back, urging him to make a unique contrib- 


ution to palaeoanthropology, on his own | 


terms, and free of his father’s shadow. 
How this was achieved is the story of 
Richard Leakey’s life, related here with 


freshness and excitement which makes 


most enjoyable reading. 


period during which Italy and Europe r 
underwent cataclysmic political and social 
changes. I would have liked to have heard | 


| separately, as examples of his sectorial 
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The remainder of the book is about 


-Luria’s interest in literature, especially 


poetry, his commitment to politics and his 
emotional development, each considered 


theory of autobiography. 
I found the book disappointing. 
Although not a contemporary, I know 
many of the protagonists and have lived 
through many of the events in science; I 
also know Luria and over the years have 
naturally formed my own opinion of him. 
Perhaps, like writers of autobiographies, 
reviewers need to be open and divulge their 
private judgements. There is a sense in 
) which this book might be 
even more self-revealing 
than the author intended. 
There is the Luria des- 
cribed, but there is also 
Luria the describer —~ a 
man with confident, if 
somewhat ponderous, 
judgements on all mat- 
ters, noisy, irritable, ego- 
centric. Who else could 


ing after a reference to 
literature classes he con- 
ducted for science 
oe students at home? 
Some time ago I received a note from a former 
M.I.T. student who had been in one of my 
classes. She reminded me that when she had told 
me she was planning to spend the summer after 
graduation learning more biochemistry I sug- 
gested that instead she read Virginia Woolf. She 
claims that she did follow my advice, with the 
result that instead of chemistry she went into 
business administration. Shadows of Blooms- 
bury! Maybe she will be another John Maynard 
Keynes. E 
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Sydney Brenner is a member of the scientific 
staff of the Medical Research Council's Labora- 
tory of Molecular Biology, Cambridge. 





The road to personal discovery started in 
1963 when, at the age of 19, Richard was 
piloting a light aircraft over the rift valley 
to Olduvai Gorge. Along the west side of 
Lake Natron he saw exposures of promis- 
ing-looking sediments and before long re- 
turned to the place to establish that fossils 
could indeed be found in abundance there. 
With help from his father’s National Geo- 
graphic Society grant, he organized several 
expeditions to this Peninj site, accom- 
panied by Glynn Isaac, who was to become 
codirector of the later Koobi Fora project, 
and Kamoya Kimeu, who in time estab- 
lished himself as Kenya’s foremost fossil- 
collector. This fieldwork produced a spec- 
tacular mandible of Australopithecus 
boisei, the first lower jaw of this hominid to 
be found in East Africa. 

Richard’s big chance to exercise his 
organizational skill came three years later, 
when a joint American-French-Kenyan ex- 
pedition involving Clark Howell, Camille 
Arambourg and Louis Leakey went to the 
Omo valley in Ethiopia. Louis Leakey dele- 
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behaviour to employ a modern evolutionary perspective. 
£28.00 Hardback 576pp with 121 halftones, 
114 line drawings & 34 tables 0-674-27180-7 
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gated his son to act as his representative 
and as field leader of the Kenyan team, 
which set off in June 1967. In the course of 
that expedition, as ain while travelling by 
, air, Richard came to see the fossiliferous 

sediments on the eastern side of Lake 
Turkana that were to prove of such 
immense significance. 

The fossil wealth of the Lake Turkana 
deposits, subsequently revealed by 
inspection on the ground, convinced the 
National Geographic Society that an ex- 
pedition to the area would be a rewarding 
enterprise. This expedition, organized and 










Subjects of controversy = a youthful Richard 
Leakey with the 1470 skull. 


led by Richard, made its headquarters at 
Allia Bay, and proved fruitful beyond hope 
— the haul of fossils was so great that each 
year since 1968 there has been scientific 
work in the area and a permanent estab- 
lishment is based there. 

On the second expedition of 1969 the 
_base camp was moved to a sandy peninsula 
ten miles upshore known as Koobi Fora. 
On this expedition the young geologist, 
Kay Behrensmeyer, was the first to find 
very early stone artefacts weathering from 
_a deposit of volcanic ash, or tuff, which 
could be dated. This volcanic horizon, 

known as the Kay Behrensmeyer Site (KBS) 
tuff, became the centre of a dating con- 
troversy, crucially affecting the interpret- 
ation of the fossil hominids shortly to be 
found at Koobi Fora. The first of these 
specimens, found in July 1969, was a 
particularly beautiful skull of a robust 
australopithecine. Further discoveries fol- 
lowed but the most significant was the 1470 
Skull found in July 1972 by the Kenyan, 
Bernard Ngeneo. This was clearly not the 
skull of an australopithecine: its cranial 
Capacity was about 775 ml and, on the 
initial dating of the KBS tuff, it was 
, thought to be more than 2.6 million years 





"Fold. The announcement of 1470 and 


Richard’s interpretation of it as belonging 


to Homo of such great antiquity sparked a 


lively controversy. It was the palaeonto- 


logist Basil Cooke who showed in 1975 | 


that, on the evidence of fossil pigs from 
Koobi Fora, the KBS tuff could not be as 
old as first thought. Revised dating 
estimates put the age of the controversial 
1470 skull at about 1.9 million years, where 





From One Life. 





its advanced features can be accom- 
modated with greater confidence. 

Perhaps the most striking feature of the 
personality portrayed in this autobio- 
graphy is the driving ambition and energy 
behind the achievements, sharpened 
perhaps by the realization that Richard’s 
life could well be a short one. In 1969, aged 
25, doctors told him that his kidneys could 
not last more than ten years, and by 1979 
his health had severely deteriorated. The 
situation was saved by the transplant of a 
kidney donated by his younger brother 
Phillip — this was the end of “one life”, 
the title of the book , and beginning of 
another. 

One of Richard's ambitions was to 
become Executive Director of Kenya’s 
National Museum. But how to do it at the 
age of 23 and without the benefit of uni- 
versity training? His strategy was based on 
the observation that government support 
for the museum was low and that there was 
dissatisfaction with the fact that Kenyan 
nationals were not being trained for senior 
positions. Richard set about raising 


money, establishing an organization. 


known as the Kenya Museum Associates 
with its own board of directors, which 
included prominent Kenyan personalities, 
and a formal constitution. By virtue of his 
position as Director of the Kenya Museum 
Associates, Richard attended museum 
board meetings and became active in the 
museum’s administration. 

The next step was to persuade a high- 
placed civil servant to give the board an 
ultimatum: either it took on Richard 
Leakey and made efforts to Kenyanize 
senior posts or else all government funding 
would cease! Apprehensively the museum 
board offered Richard a post of Admini- 
strative Officer; but rather than accept it, 
he insisted that it be upgraded to Admini- 
strative Director with full responsibility for 
the administration for the entire National 
Museum. The board seemed to know when 
it was beaten and agreed to the demand, 
allowing Richard to take up the post from 
October 1968. 

This coup d’état approach to problems 


in one’s life may be effective, but it tends to | 


generate conflict and animosity. Richard 
was well aware of such effects, regarding 
them as unfortunate but unavoidable by- 


products of one’s passage through a. 


peopled world. Such matters aside, the life 
described in this autobiography is one of 
exuberant excitement and adventure. It 
tells of catching lions in the suburbs of 
Nairobi as a schoolboy; of narrow escapes 
from hungry crocodiles on the Omo River; 
of riding camels in search of fossils at 
Koobi Fora; and of finding spectacular 
skulls of immense interest to world science. 
More than this, the book illuminates a 


personality that has become known to mil- 
lions through television programmes such | 


as The Making of Mankind. o 


C.K. Brain is Direc or of the Transvaal Museum 
in Pretoria, South Africa, 





_ Barry Cox is Head of the Zoolo; 
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Timescale: An Atlas of the Fourth 
Dimension. By Nigel Calder, > 
Chatto & Windus/Viking: 1984, Pp.288. 
£12.95, $19.95, Reng Ge 














NIGEL Calder’s unusual book provides a- 
complete chronology of the world, starting _ 
with the first microsecond some 13,500 
million years ago, and ending with the 
Space Shuttle. . 0 ARES 

It would obviously have been impossibly 
dull to do this only as a consecutive nar- 
rative, and Calder has sensibly taken 
several different but complementary _ 
approaches. The main section of the book 2 
(nearly 100 pages) is taken up by the 
‘Narrative and Timescale”. Because both 
the extent of our knowledge and the _ 
intensity of our interest steadily increase 
through time, Calder uses a logarithmic _ 
scale. So, after mention of the first million 
years that encompassed the birth of the 
Universe, each double-page spread deals _ 
with progressively smaller bites from the 
cake of time, starting with 3,500 million 
years and passing through 6,000 years to 
end with the past eight years, (But the 
author has not allowed himself to become 
the slave of this format, for the text runs 
continuously from spread to spread.) 

Though the narrative that accompanies 
this roller-coaster ride through history is 
always clear and coherent, it can inevitably 
make only passing reference to many 
significant events, Calder has. therefore 
added a reference index, about 100 pages 
long, in which topics are elaborated or 
added. This includes over 900 entries, most 
of which are given dates for their origin or 
extent in time, and are cross-referenced — 
e.g. blue-green algae (bacteria) est. 1600 
Myr, see life on Earth; stromatolites. The 
entries range in length from one line to 
three pages, and many provide useful refer- 
ences for further reading. 

Calder’s third approach is to give eight 
pages of maps, which show the various 
Stages of continental drift, the climate and 
geography of the Ice Age maximum, and. 


the dispersal patterns of the races, 
languages and techniques of mankind. —... 


In the sixty-page introductory “Over a 
view”, Calder puts the whole chrono-  — 
logical enterprise into the historical per- 
spective of its discovery. This, too, is - 
written in a stimulating and provocative _ 
style — for example, he suggests that the. eeu 
master of the planet is grass, which has. 
seduced its human slaves into cultivatin 
protecting and feeding it. We are, then, the 
puppets not only of our selfish gene 
also of our selfish grains. Calder 
both enjoyable and useful — TK 
mon combination, no 
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- and gatherers 
John E. Pfeiffer | 
- Historical Atlas of World Mythology. 


Vol.1, The Way of the Animal Powers. | 


By Joseph Campbell. 

Alfred van der Marck Editions, San 
Francisco (distributed by Harper & 
Row): 1984. Pp.304. $75. To be 
published in the UK on 30 June by 
Times Books, £35. 
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MyTHS are taken more seriously nowadays 
than was the case two world wars and a 
holocaust ago, when the distinction 
between primitive and civilized cultures 
seemed more clear-cut. No longer viewed 
as tall tales, as the superstitions of tribal 
and pre-tribal peoples in faraway places, 
myths are appreciated as highly structured 
belief. systems serving chiefly to hold 
~ societies together. For more than half a 
century these systems have been the over- 
siding. concern of Joseph Campbell, 
> Professor Emeritus of Religion at Sarah 
‘Lawrence College in New York, with the 
past decade or so devoted to his major 
work: the compilation of a historical atlas 
of world mythology, which will appear in 
four volumes over the next two years. 
Volume 1, The Way of the Animal 
Powers, deals with the origins of myth- 
making during hunter-gatherer times. It is 
far more than an atlas, if that implies a 
book consisting predominantly of maps. 
_ There are indeed plenty of maps, 50 to be 
precise, but they supplement an extensive 
text which makes up the bulk of the book 
and in which Campbell confronts the most 
formidable question of cultural evolution 
_—~ of what possible value could myth be to 
the human animal, a minority species 
engaged to the hilt in competition with 
other predators for food and living space? 
After all, our ancestors endured for ages 
and managed to increase their numbers 
appreciably without the benefit of myth, at 
least as far as we can tell from the archae- 











ek 
ae 





| tools and provision : 
another world. 








-An explosion of myth, what Campbell 


-callis “the awakening of awe”, came not 


long afterwards with the passing of the 
Neanderthals and the emergence of our 


doubly wise Homo sapiens sapiens. 
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or their journeys to ; sharper focus in organizing his book. AH 
_ the basic findings and ideas are there, but 
so dispersed that their net impact is some- 
. what weakened. On the other hand, he has _ 


a | gatherer beliefs, and a much-needed - 
kind of hominid, euphemistically known as — 












produced an outstanding survey of hunter- 


reference work. Wecan look forward to his 
forthcoming volumes on the nature of 


Art of African hunter-gatherers, 
possibly depicting the ritual 
abduction of a girl (by animal- 
headed figures on the right, resisted 
by the figures on the left). The 
illustration. is taken from A. R. 
Willcox’s The Rock Art of Africa, a 
scholarly and well-illustrated book 

recently published by Croom Helm 
in Britain and Holmes & Meier in 
the United States. Prices are £45 
and $69.50, respectively. 





Ceremony appeared as a major feature of 
prehistoric life, increasingly elaborate per- 
formances staged deep underground in the 
limestone caves of western Europe. Only 
the art remains, the backdrops — vestige 
figures representing the world’s first “‘art 
movement” which culminated 20,000 to 
10,000 years ago with superb animals, 
bison and mammoths and other big game, 
painted and engraved on cave walls. It is as 
if all we had from the times of Gothic 
cathedrals were stained-glass windows and 
graven gargoyle images. 

According to Campbell, no single cause 
can explain the spectacular rise of myth. 
For one thing, there was crowding, 
individual against individual, with soaring 
population densities, and myth was 
embodied in ceremonies designed to create 
closer tribal ties. The related need to feed 
more people, to kill magnificent animals on 
a mass basis, resulted in an additional 
conflict of conscience ‘‘with a compen- 
satory mythology ... of a bonding 
covenant between the animal and human 
communities’. Further factors contri- 
buting to ‘‘the creative explosion’ 
included the landscape itself with its deep 
caverns ‘inspiring religious awe’’, the 
arrival of modern human beings, and the 
“visionary trance-seizures’’ of shamans 
who tapped unconscious forces in devising 
healing rites and initiations. 

Campbell marshals ethnography as well 
as archaeology to support his analyses. He 
covers the world in describing the living 
folklore of present-day and recent hunter- 


gatherers, including the desert-dwelling | 
| Australian aborigines and Kalahari 


Bushmen, Eskimos, Tierra del Fuegians 


and Andamanese Islanders, forest peoples | 


such as the Zaire pygmies and the recently 
discovered Tasaday of the Philippines — 


| all complete with maps presenting geo- 
| graphical distributions of art styles and 


cults, and a unique index of myth motifs 
from ‘‘Aardvarks’’ to ‘*Yucca fruits”. 


Tonly wish that in the process of bringing | 
all of. this information together, aj 
prodigious task, Campbell had achieved a | 





- and animals; concern with biological types me 
rather than individual species; a willingness 


myths associated with agricultural 
societies, on the first civilizations, and on 
our own uncertain and. increasingly 
complicated times. = 
Nee ere ree meme ere mer er nee 
John Pfeiffer’s most recent book is The Creative 
Explosion: An Enquiry into the Origins of Art 
and Religion (Harper & Row, 1982). He is 
currently completing a fourth edition of his 
textbook, The Emergence of Man. 








Nature of idealism 


W.F. Bynum 


Pee A ee ee ee 
The Philosophical Naturalists: Themes 
in Early Nineteenth-Century 
British Biology. 
By Philip F. Rehbock. 
University of Wisconsin Press: 1983. 
Pp. 281. $30, £25.50. 
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UNTIL a decade or so ago, historians of 
science seemed often to assume that the ™ 
view of nature which Darwin’s Origin of 
Species challenged was deeply rooted ina 
lingering, cautious Paleyite emphasis on 
special creation, individual adaptation and 
the argument from design. Romantic bio- 
logy and transcendental anatomy were 
looked upon as largely Continental con- 
cerns which at best only marginally in- 
fluenced empirically-minded British natur- 
alists. 

More recently, however, research by 
scholars such as the late Dov Ospovat, 
Adrian Desmond and Janet Browne has 
demonstrated the inadequacy of that view. 
Far from being ignored, ‘‘philosophical 
biology” (as it might be called) was actively 
pursued by a number of leading British 
zoologists, botanists and anatomists. From 
the 1820s, many of the major themes of 
Continental biology were assimilated into 
British natural history: a continuing pre- 
occupation with the ‘‘chain of being’ and — _ 


with an underlying unity of plan in plants - i 
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ig Sedimentary Structures 
| Their Character and Physical Basis 


NOW IN PAPERBACK 


JOHN R. ALLEN, University of Reading, UK 
(Developments in Sedimentology 30) 

. a unique contribution to the sedimentological 
literature that no geology library can 
afford to be without. . .”’ (Open Earth). “I can 
never be claimed that any publication on this 
topic is exhaustive, but not man y could come as 
close as this one.” (Australian Mineral F oundation). 
First published in 2 volumes, this 
classic work is now available in a single-volume 
low-priced paperback edition. It is an essential 
handbook for all sedimentologists, 
geomorphologists, oceanographers and engineers 
involved with sediments, and provides a wealth of 
information fer applied mathematicians and fluid 
dynamicists. 
1984 (1st repr.) 1290 pages 
US $ 59.50 / Dfl. 155.00 (Paperback) 
ISBN 0-444-42232.3 


Surveying and Charting of the Seas 





W. LANGERAAR, Rear Admiral, Royal 
Netherlands Navy (Rid.) 


(Elsevier Oceanography Series 37) 


The most up-to-date book of its kind available for 
surveyors, hydrographic schools, institutes and 
governmental bodies responsible for the marine 
environment. It is a practical book for those 
engaged in marine surveying and charting 
activities who must acquire, process and present 
data for hydrographic or engineering purposes. 
While discussing the latest instrumental and 
equipment development, automation and 
computerization, it also covers conventional] 
methods for those without access to sophisticated 
instrumentation. 

1984 xviii + 612 pages 


M US $ 53.75 / Dil. 140.00 


ISBN 0-444-42278-1 





Temperate Broad-Leaved Evergreen Forests 


J.D. OVINGTON, Australian Nationa] Parks & 
Wildlife Services, Canberra, Australia (editor) 
(Ecosystems of the World 10) - 

Numerous photographs, maps, figures and tables 
illustrate this book on the evergreen broad-leaved 
forests of South America, New Zealand, Australia, 
south-east North America, the Mediterranean, the 
Middle East, India, parts of Africa and Japan. 
With their wealth and diversity of species and 


a| ecosystems, these forests have an important role to 
“© | play, but are being endangered throughout the 
| world. The book examines their characteristics, 


functional processes, past, present and potential 
uses, Management, economic and conservation 
status. | 

1983 x + 242 pages 

US $ 75.00 / DH. 195.00 


© | ISBN 0-444-42091-6 








| Geomagnetism of Baked Clays and Recent - - 





| ISBN 0-444-42231-5 
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Sediments 


K.M. CREER, P. TUCHOLKA, University of. i 
Edinburgh, UK, and C.E. BARTON , University of 
Rhode Island, Kingston, USA (editors) EEEE 

As well-balanced, cohesive presentation of our- 
understanding of the behaviour of the - 
geomagnetic field over Post-Glacial and Late. © 
Glacial time as inferred from the record 
contained in archaeological materials and lake 
sediments. The 33 contributions describe the 
processes by which archaeological and naturally ` 
occuring materials acquire their remanent 
magnetism, and the principles of radiocarbon, 
thermoluminescence, lead isotope and 
palynological methods of dating. Well illustrated 
and with comprehensive lists of references, it will 
interest many readers including geophysicists, 
Quaternary geologists, limnologists and | 
environmental scientists. 

1983 xx + 324 pages 

US $ 53.25 / DH. 125.00 













Climates of the Oceans 






H. VAN LOON, National Center for Atmospheric 
Research, Boulder, CO, USA (editor) 
(World Survey of Climatology 15) 


Here is the latest addition to a series constituting 

‘. . .the most authoritative reference source 
currently available.” (The Geographic Journal), 
Serving both as a textbook and as a reference. it is-a 
comprehensive treatment of the atmosphere over the 
world oceans with detailed descriptions of temperature, 
pressure, wind, precipitation etc., the circulation 

of the atmosphere and its changes throughout ‘the 
year. Extensive and wide-ranging references to 

the literature are given and the numerous maps: 

and tables provide factual information for | 
applications and as a sound background for 


scientific research. 


1984 xviii + 716 pages — 
US $ 173.00 / DH. 450.00 
ISBN 0-444-41337-5 








P.O. Box 211 P.O. Box 1663 
Grand Central Station | 


The Netherlands New York, NY 10163. 


US $ prices are valid only in the USA & Canada, For the rest. - 
of the world the Dutch guilder price is definitive. 
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Biology of the Integument 
Volume 1: Invertebrates 


Editors: J. Bereiter-Hahn, G. Matoltsy, K.S. Richards 


1984, 300 figures. Approx. 890 pages 
Cloth DM 298.-: approx. US $ 116.90. ISBN 3-540- | 3062-4 


This volume presents a unique, up-to-date and comprehen- 
sive review of the biology of the integument of metazoan 
invertebrates. It is organized on a phylum-basis, and 
includes, where such information is available, ultrastruc- 
tural, physiological, biochemical and biophysical aspects. 


-Membrane Processes 

Molecular Biology and Medical Applications 
Editors: G. Benga, H. Baum, F.A. Kummerow 
1984. 84 figures. Approx. 275 pages 
Cloth: YM 118.-: approx. US § 46.30, ISBN 3-540-90960-5 
Membrane Processes presents an exchange of information 
among scientists studying biomembranes from different 
viewpoints, from the molecular approach to clinical studies 
of the role of biomembranes in disease states. The objective 
is to look at those areas of basic biomembrane research and 
medicine where interests may converge. 


Hormonal R egulation 
of Development H 


from the Level of the Cell to the Whole Plant 


- {Enevel 
Cloth D 






















1984. 125 figures. Approx. 424 pages 
(Springer Series in Experimental Emomology) 2 3 
Cloth DM 178. approx. US $ 69.80. ISBN 3-540-90919-2 


This volume makes a unique contribution to the literature of 
chemical ecology and behavioral physiology by focussing on- 
the techniques that enable the detection and analysis of — 
minute amounts of natural substances. : 


The Effects of SO, on a Grassland 
A Case Study in the Northern Great Plains Pi og 
of the United States | 


Editors: W.K. Lavenroth, E. M. Preston 

1984. 85 figures. Apprax. 270 pages 

(Ecological Studies, Volume 45) 

Cloth DM 88.~. approx, US $ 34.50. ISBN 3-§40-90943-5 

Contents: Potential Effects of SO, on the U.S. Northern 
Mixed Prairie: Overview. - The Plains Region and Experi- 
mental Sites. - The Field Exposure System. - Sulfur Depo- 
sition, Cycling and Accumulation. ~ Responses of the Vege- 
tation. — Responses of Heterotrophs: - Simulation of SO, 
Impacts. - Sulfur Dioxide and Grasslands: A Synthesis. 


Eutrophication and Land Use 


Lake Dillon, Colorado 


By W.M. Lewis Jr., J. F. Saunders HE, D. W. Crumpacker, 
C. Brendecke 

1984. 67 figures. Approx, 275 pages 

(Ecological Studies, Volume 46) 

Cloth DM HE. approx. US $ 46.30, ISBN 3-540-90961-3 


Pollutants in Porous Media 


The Unsaturated Zone 
Between Soil Surface and Groundwater 


Editors: B. Yaron, G. Dagan, J.Goldshmid 


(984 416 figures. Approx, 330 pages 
(Ecological Studies, Volume 47) 
Cloth DM 139.-; approx. US $ 54.50. ISBN 3-540-13179-5 


Contents: Modeling of Pollutants Transport, - Behavior of 
Inorganic Chemicals. -~ Behavior of Organic Compounds. - 
Biological Processes. - Unsaturated Zone and Groundwater: 
Pollution Sources, - Unsaturated Zone and Groundwater: 
Pollution Control. 


* °. AL. 

Mutations in Man 

Editor: G.Obe | 

1984. 73 figures, XIV, 328 pages - 

Cloth DM Itó. approx. US $45.30, ISBN 3-540-1311 3-3 . 
This book deals with genetic toxicology, biochemistry of 
DNA damage and repair, organization of the human. — ete 
frequencies, origin of 


j + 


genome, types of mutations and their 


chromosomal aberrations, somatic mutations and their, 


induction by chemotherapeutic agents and life style factors, ~ 


the effect of smoking on spermatozoa, and methods for esti- = 


mating genetic risks. 































logy, Volume 68, Part 1) 
10. ISBN 3-540-12616-3 


Antimalarial Drugs 2- 

Current Antimalarials and New Drug Developments 
Editors: W, Peters, London; W.H.G. Richards, 
Berkhamsted a "ens 


1984. 150 figures. XVIH, 520 pages ; 
{Handbook of Experimental Pharmacology, Volume 68, Part 2) 
Cloth DM 390,-; approx. US $ 152.90. ISBN 3-340-1 2617-1 


This two-volume work presents a critical analysis of the 
extensive advances made in antimalarial chemotherapy — 
since World War H, Part 1 of this work isa basic, definitive 
text for the rational design of antimalarial agents, Part 2 is a 
definitive review of currently available antimalarial | 
compounds with regard to their chemistry, pharmacology, 
toxicity, activity in experimental models and in-man, and 
effectiveness. Also considered aré promising drugs still in 
the experimental stage. 


Antitumor Drug Resistance 


Editors: B. W, Fox, M. Fox, Manchester 


1984. 99 figures. Approx. 745 pages 

{Handbook of Experimental Pharmacology, Volume 72) 
Cloth DM 520,~: approx, US $ 203.90 

Prepublication price: Cloth DM 416: approx, US $ 163.16 
ISBN 3-540-13069-] 


This book brings together all known information on the 
ways in which tumor tissue becomes resistant to anticancer 
agents at both subpopulation and subcellular levels. 

The book is divided into chapters which review the indivi- 
dual mechanisms by which tumors acquire or are selected 
for resistance to anticancer agents. In addition, several of the 
major groups of antitumor agents with which different 
mechanisms of resistance have been associated are discussed 
separately, . | 


Current Topics in Microbiology and Immunology 
Volume 109 | 


The Molecular Biology r 


of Adenoviruses 1 E 
30 Years of Adenovirus Research: 1953-1983 
Editor: W. Doerfler, Cologne 


1983. 69 figures. XH, 232 pages 
Cloth DM FI8,-; approx. US $ 46.30. ISBN 3-540-13034-9 


Volume 110 

The Molecular Biology 
of Adenoviruses 2 

30 Years of Adenovirus Research 1953-1983 


Editor: W. Doerfler, Cologne 7 
1984. 53 figures. Approx. 200 pages 7 
Cloth DM 132,-: approx, US $ 51.80. ISBN 3-540-13137-2 
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Leucocyte Typing 
Human Leucocyte Differentiation Antigens 
Detected by Monoclonal Antibodies 
Specification - Classification - Nomenclature > . 
Editors: A. Bernard, Villejuif; L. Boumsell, J. Dausset, P: 
C. Milstein, Cambridge: S.F. Schlossman, Boston =< 
1984. 158 figures, 252 tables, color poster. XXIV, 814 pages (53 pi 


French) | | l l 
Cloth DM 124.-: approx. US $ 48.60. ISBN 3-540-12056-4 



















Leucocyte Typing 
international colla 


Z. Parvez, Maywood 
Immunoassays 
in Coagulation Testing 


1984. 50 figures. XVI, 173 pages 
Cloth DM 98,- approx, US $ 38.50. ISBN 3-540-90932-X 


With Immunoassays in Coagulation Testing, Dr. Parvez fills 
the need fora “cookbook” type manual of immunologic: 
procedures and in testing coagulation disorders. It is the: 
only book currently available which outlines all essential 


information about coagulation, pathophysiology of coagula- _ 


-tion and commentary on the clinical significance of abnor- 


malities in each diagnostic protein, 


Sleep Mechanisms 


Editors: A. Borbély, Zurich: J. Valatx, Lyon : 
1984, 53 figures. XIH, 315 pages (Experimental Brain Research/Supplement Ry: 
Cloth DM 88.-; approx, US $ 34,50- > 
Reduced price for subscribers to the journal “Experimental Brain Research.” - 


oa 


Cloth DM. 70,40; approx, US $ 27.60. ISBN 3-340-13146-9 


Sleep Mechanisms is a concise review of important new 
developments in sleep research written by leading investiga- 
tors from 18 countries and covers not only the physiology, 


- neurophysiology, ontogeny, neuropharmacology, and neuro- = 


chemistry of sleep mechanisms, but also related areas such 
as genetics, nucleic acid metabolism, phylogeny, circadian 
rhythms, nutritions, and the clinical implications of sleep 
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Tiergartenstr, 17, D-6900 Heidelberg 1 or 175 Fifth Ave.. Now York. NY 10 
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Volume 1 of an important inter - 
national series of major review 
articles 

Hardback: 438 pp 

Published February 1984 

ISBN 0 946707 01 4 

ISSN 0264—8725 

Available now from the pub- 
lishers by direct mail at special 
introductory price ( for a limited 
period) — £40.00 (US $79.00) or 
order through TELEX 53429 
PACE G. 

Volume 2 will be published later 


in 1984; future volumes annually 
thereafter. 


Intercept Limited, P.O. Box 2, 
Ponteland, Newcastle upon Tyne 
NE20 9EB England 















Congratulations 


Earth’s Earliest 
Biosphere 
Its Origin and Evolution 
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to speculate; and an explicit philosophical 
idealism. = 

Philip Rehbock’s The Philosophical 
Naturalists can now be added to this 
growing historical literature, and the first 
‘half of his book, on “‘the idealist approach 
to nature’’, offers an excellent summary of 
the relationship between British and Con- 
tinental biology in the second quarter of 
the nineteenth century. Rehbock is not the 
first to note that Edinburgh was the cradle 
of much philosophical biology in Britain. 
Robert Knox, Robert Edmond Grant, 
Richard Owen, Edward Forbes, John 
Goodsir: these and several other apostles 
of the ‘‘new’’ biology of the 1820s and 
1830s shared a common intellectual heri- 
tage in the Scottish capital. Rehbock 
focuses on Knox (the unfortunate surgeon 
and anatomy teacher who received the 
victims of Burke and Hare), using his 
Original writings and translations as a 
vehicle for expounding the main features 
of British transcendentalism. Owen and 
Goodsir receive rather more cursory 
treatment. , 

The second half of the book deals more 
comprehensively with the curious and 
often obscure biogeographical work of 
Edward Forbes, the attractive and person-. 
able naturalist who died in his prime, 
before the implications of his speculative 
vision of nature could be fully worked out. 
Forbes’s research on what he called 
‘centres of creation”, and their con- 
nection with presently observed plant and 
animal distribution, was much discussed in 
the 1840s, although it also involved him in 
one minor and one major priority dispute 
with Charles Lyell and Hewett Watson 
respectively. 

Rehbock is a reliable guide to his chosen 


themes, and his book amply exposes the- 
impact of philosophical idealism on pre- 
Darwinian natural science in Britain. It is: 


10t, however, a comprehensive analysis of 
“the subject. The author is good on the 
-Edinburgh scene, but weak on the London 
flowering of transcendentalism during the 
1840s, when Owen, Grant, J.H. Green and 





others were active at University College, | 
the Royal College of Surgeons and other: 
London institutions. There is little attempt | 


to place his major figures into their social, 


political or professional contexts. Rehbock | 
also fails to assess (or even to cite) much 


relevant secondary literature, suggesting 
that little has been done on the book since 
1975, when the PhD thesis on which it is 
based was completed. Occasional slips 
such as Humphrey [sic] Davy and Alfred 
k Russell [sic] Wallace also mar the text. 





’ Nevertheless, publication of The Philo. 


sophical Naturalists is to be welcomed as 
another contribution to the understanding 
of the complex biological scene which 
flourished in Britain during the very 
decades in which Darwin was preparing his 
own statement. 








W.F. Bynum is at the Wellcome Institute for the 
History of Medicine, London. 


SPRINGBOOKS 
No stone unturned 
Keith Bell | 
It Began with a Stone: A History of 
Geology from the Stone Age to the 


Age of Plate Tectonics. 
By Henry Faul and Carol Faul. 








Wiley: 1984. Pp.270, Hbk $38.95, £35; | 


pbk $19.95, £16. 


Meena : 
CHARTING the development of geology 


from antiquity through to post-Wegenerian 
times is a formidable task. Jt Began with a 
Stone attempts to do just that. Packed with 


factual information, written in a breezy. 


style and coupled to an extensive biblio- 
graphy, it documents most of the high- 
lights in the history of the earth sciences, 


In this, the book is a success. Topics are 


humerous and diverse; not only is the 
classical age of geology covered in detail, 
but included are such lesser known subjects 
as the significance of French discoveries 


and theories in the seventeenth and | 


eighteenth centuries, the establishment of 
the US State Surveys and even the fate of 
geologists during the American Civil War. 


Important developments in the earth | 
sciences are nicely dovetailed into both a 
-geographical and intellectual context. peed 
The fragmented nature of geology : 


started to disappear with the age of travel. 
Lyell’s visit to eastern North America, his 


meeting with the cranky yet brilliant James | | 
Hall, Dana’s and Wilkes’s journey around | 
the world, and the opening of the | 
American West played important roles. in i. 
the consolidation of new ideas and the pro- | | 
vision of a solid basis for the relatively 
young science. This backdrop, together | 


with a cast as intelligent, as colourful and as 


scurrilous as one could find, are among the | 
fascinating material included in the Fauls’ | 


book. 


others of similar type. The Birth and 


Development of the Geological Sciences, | 
published in 1938, although a more | 
‘scholarly and sophisticated work, stops at | | 
the turn of this century and lacks the fresh- | 

ness and excitement of the Fauls’ book, |- 
The style of delivery in the latter d oes, i | 
however, tend to be frenetic — a more | 


relaxed pace would have helped readers 
absorb the bewildering array of inform- 
ation contained in the text. 

The book can be read at two levels, For 


idle browsing, the many interesting and 


amusing asides can be savoured with relish. 
For more serious reading, the wealth of 
information provides a more detailed 
coverage than has been available until now. 
Henry Faul died before the manuscript was 
completed. Anyone who knew Henry will 
recognize his style, his perception and his 
scholarship — this book is a fitting 


memorial = ni 





Keith Bell is a Professor in the Department of 
Geology, Carleton University, Ottawa. 





_ This detailed and authoritative study discusses a 


It is difficult to compare this book with | 


_ Ichneumonidae of Australia, = 


Catalogue of the Natural History. 
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Bats: a natural history. = > 
By John E. Hill & James D. Smith. 
aspects of bat biology and behaviour. Its-scope will 


make it of value to naturalists, conservationists = 
and zoologists alike. May 31st. *48pp. copious dine 


illustrations. 0565 00877 3, Hardback £18.00, 0000000 Go 


Milkweed butterflies. By = sf 
R.T. Vane-Wright and P. R. Ackery. =: 

A much needed definitive work on the world’s. 

Danainae butterflies, providing an acceptable 
taxonomic framework in which to place the wealth | 

of data available on this group. 1984, 448pp, with 

i2pp colour and 73pp black and white plates. 

0 .565:00893 S. Hardback. 


‘ordered before August 3}st, £45.00. 


Afterwards £571,000, 


Ferns of Jamaica. By G. R. Proctor: 


. An important taxonomic record and description of .. 


the 579 species and 30 varieties of ferns occurring: | 
in Jamaica. All genera are illustrated and full 
distributional data is given. September 1984 , 
Opp approx. 135 line drawings and 22: maps. 

0 565 00895 1. Hardback £40.00 approx.. 


The generic names of moths of the 
world, Vol. V. Pyraloidea. 


By I. W. B. Nye & D. S. Fletcher. 
This series aims to provide a complete list of 
generic names, their type species. designation and 


3 _ appropriate references for cach family treated, 
. thereby rectifying present confusion and. giving the 


basis for a stable nomenclature. May 1984, 200pp 
approx. 0 565 QO88O 3. Hardback £25.00. 


Catalogue of the ocean bottom 
deposits collection in the B.M, 
(N.H.) Part 2. Indian and Pacific 
oceans. By H. A. Buckley ef al. 

May 1984, 5 microfiche with booklet and maps, 


565 00863 3. £16.00. 


Catalogue of the rock collections 
in the B.M. (N.H.), 2nd edition: 


| May 1984, 154pp. 0.565 00875 7. Paperback £17.50, 


Catalogue of the type and figured 


-specimens of Trilobites in the 


B.M. (N.H.). By S. F. Morris & 


‘R.A. Fortey. 
‘May 1984, 176pp. 0 565 0088? X. 


Paperback £20.00 approx. 


` -Catalogue of primates in the 
BLM. (N.H.) & elsewhere in the: 


British Isles Part 3. Family: 
Cercopithecidae subfamily . 


Colobinae. By P. H. Napier. 
1984. 0 565 00849 3, Hardback £30.00 approx, 













An introduction to the 


By T. D. Gauld. TAa 
May 1984. 420pp approx, S80 figs. and 3 maps, > 
0563 0OR96 X. Paperback £37.50, AE 


Drawings commissioned by Joseph 
Banks on the Endeavour voyage 
1768-1771 held in the B.M. — 
Part 1. Botany: Australia, _ 

By J. A. Diment et al. oe 
1984, 0 565 00937 0, Paperback £30.00, 


Publications Sales, British Muscura (Natur al. 
History). Cromwell Road. London SW7 SBD 






Rich man, poor man 


David L. Hull 








Just Before the Origin: Alfred Wallace’s Theory of Evolution. By John Langdon Brooks. 
Columbia University Press: 1984. Pp.284. $30 (United States), $39 (elsewhere). 
Alfred Russel Wallace: The Great Naturalist who Challenged the Orthodoxy 

which He and Darwin had Established. By Harry Clements. 


Hutchinson: 1983. Pp.215. £8.95. 





IN spite of striking parallels, the lives of 
Charles Darwin and Alfred Russel Wallace 
could not have been more different. 
Darwin was born into comfort and secur- 
ity, attended the best schools, 
accompanied Captain Fitzroy on the 
Beagle as a companion~naturalist, and 
upon his return settled down to a 
remarkably uneventful life — 
walks in his garden at Down, 
bouts of flatulence, an occasional 
visit to a spa to nurse his 
mysterious illness, and of course 
the publication of book after 
book on topics as diverse as the 
power of movement in plants and 
the formation of vegetable mould 
by worms. 

Wallace was born in near 
poverty, was farmed out to an 
older brother in London at the . 
age of 14 after only six years of 
schooling, and held down a 
succession of jobs until his 
brother died leaving him a bit of 
money. Wallace immediately set 
sail for the Amazon. A year later 
a second brother joined him. — 
Both men came down with yellow 
fever and the brother died. After 
four years in the jungle, Wallace 
sailed for home with his precious 
collections. En route the ship 





Clements’s biography is a good deal less 
technical and is more concerned with 
Wallace’s later life, especially his 
championing of a variety of unorthodox - 
scientific and social causes. Because 
Clements himself practised for many years 
his own brand of osteopathic nature cure, 



















across natural selection in 1838, and 


is his inevitable indictment of Darwin’s 
treatment of Wallace. As the story is usual- 
ly told, Darwin became persuaded that 
species evolve sometime in 1837, stumbled 


worked on his theory for the next 20 years. 
In 1855 he noticed a paper published by 
Wallace arguing that new species always 
come into existence in close proximity in 
both space and time with pre-existing close- 
ly allied species but convinced himself that 
Wallace intended creation, not transmuta- 
tion. This paper did, however, contribute 
to Darwin’s decision to begin work on his 
Big Book. Darwin even corresponded with 
Wallace, informing him that he too had 
been working on the species question. 

As a working-class boy, Wallace knew 
no one. His 1855 paper had been totally 
ignored, at least so he thought. 
His new manuscript setting out 
evolution by means of natural 
selection was even more specula- 
tive than the first. How to get his 
fellow naturalists to notice? How 
could he prevent them from dis- 


was his only hope. Thus, on 18 
June, 1858, Darwin received 
Wallace’s manuscript that came 
like a “bolt from the blue’’. 
Darwin promptly sent the 
- manuscript to Charles Lyell, as 
Wallace had requested, accom- 
panied by a letter asking for 
advice about what he should do. 
He wanted to behave 
honourably, but he also did not 
want to be robbed of priority. 
Lyell and J. D. Hooker suggested 
that Wallace’s paper be read 
along with a couple of short 
pieces by Darwin before the 
Linnean Society and then 
| published in its journal, and 
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missing it with derision? Darwin 4# 





caught fire and sank. After ten 


| othis was the course of action that 
days on the open sea in a small 


eae 


š was eventually taken — without “> 





boat, Wallace was saved, but 
four years of labour went down 
with the ship. No sooner did 
Wallace find his way to England 
than he began to plan for a 
second voyage, this time to the 
Malay Archipelago. It was here, ,, AR 









selection flashed across his brain. 

Dozens of biographies have been written 
of Darwin. Only a handful of books have 
chronicled Wallace’s even more fascina- 
ting life, and most of these have treated 
Wallace as if he were Darwin’s moon, 
shining only in Darwin’s reflected bril- 
liance. The volumes by Brooks and 
Clements are the latest additions to this 
small literature, Brooks’s book is primarily 
a scientific biography, tracing the genesis 
of Wallace’s ideas on organic change from 
his reading of Chambers’s infamous 
Vestiges of the Natural History of Creation 
<o (1844) to the publication of the joint 

© Darwin-Wallace papers in 











i A ; Wallace adaini Eremurus robusing (about 1905)”, The picture 
while confined to his bed with a and caption are reproduced from Vol. H of Alfred Russel Wallace: Letters 
fever, that the idea of natural gnd Reminiscences by James Marchant, published by Cassell in 1916. 


he is more sympathetic to Wallace’s hetero- 
dox views than other authors have been in 
the past. 

The most valuable part of Brooks’s book 
is his detailed discussion of the genesis of 
Wallace’s views on evolution and biogeo- 
graphy. In this connection, Wallace had 
one major advantage over Darwin. 


Wallace was persuaded that species evolve | 


prior to leaving on his voyages, while 
Darwin did not abandon creationist beliefs 


until after his return. Thus, Wallace was | 


able to gather data with an eye to his evol- 


| utionary hypothesis. 
1858. L 


The weakest part of Brooks’s discussion 


consulting Wallace. A year later 
B Darwin published his Origin of 
@ = Species. 
's Darwin was the first to admit 
T @ that he deserved no special 
$ © priority in the matter of the 
"~ transmutation of species. A large 
number of workers before him, 
including his own grandfather, 
had advocated evolution of 
sorts, but Darwin did claim priority for 
natural selection. Needless to say, numer- 
ous anticipations have been uncovered 
since, and Loren Eiseley has even argued 


that Darwin stole the idea of natural selec- gy 


tion from his friend Edward Blyth. That — 
Blyth himself thought otherwise is beside 


the point. Brooks goes even further. A 


third pillar of Darwin’s theory was his 
Principle of Divergence, a suggested 
mechanism for the subdivision of single 
ancestral species into two or more daughter 
species. Brooks claims that Darwin stole 
his later formulation of this principle from 
Wallace. Brooks argues that the appear- 
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ig ance a Wallace’ s 1855 paper not only 
caused Darwin to start his species book but 
also provided him with his tree simile. This 
latter contention is clearly false because 
Darwin included two drawings of an ir- 
regularly branching ‘‘tree of life” in his 
1837 notebooks. More importantly, 
Brooks claims that Darwin received 
Wallace’s paper on 18 May, 1858, not 18 
June. As Brooks construes the evidence, 
Darwin immediately sat down to write 
Lyell a letter, but did not mail it. Instead, 


he went back to re-read Wallace’s 1855 


paper and then proceeded to re-write his 
discussion of the Principle of Divergence. 

Only after he had reported the completion 
of this section did he send his letter to Lyell 
along with Wallace’s manuscript. Darwin 
himself dated the letter only “18th”. 

According to Brooks, the pencilled nota- 
tion ‘‘June 1858” was added later and indi- 
cates when Lyell received the letter, not 
when Darwin sent it. 

I suppose the proper thing for Darwin to 
have done when he received Wallace’s 
manuscript was to forward it to Lyell as 
_ requested and then to write Wallace in 
Malay for permission to publish it. Six 
months to a year later, the time it would 
have taken Darwin to receive an answer 
from Wallace, he could then have seen the 
paper into print. If he had, I suggest that 
the history of evolutionary theory and the 
apportioning of credit would not have 
changed in the least. Darwin’s critics could 
then complain at Darwin’s inexcusable 
delay in publishing Wallace’s paper. Scien- 
tists are very interested in priority and rare- 
ly miss a chance to engage in vicious priori- 
ty disputes. For once two scientists de- 
clined the opportunity, but commentators 
such as Brooks will have none of it. They 
turn over every bit of nastiness that they 
can discover or invent. I have no idea what 
took place in Down between 18 May and 18 
_June in 1858, but if the choice is between 
Brooks’s circumstantial evidence and the 
` testimony of a long life lived in the public 
spotlight, I am inclined to go along with 
Wallace and opt for Darwin. 

In Clements’s book Wallace is the sun, 
and Darwin is only a dim though benign 
‘spectre circling in the distance. As 
Clements portrays Wallace, he was an 





honourable and decent, though somewhat | 


unworldly, man. Darwin consciously built 
a reputation as a serious scientist before 
declaring himself on such a controversial 
subject as evolution. Wallace was thrust 
into the public eye immediately upon his 
return from his second trip. A more judi- 
cious man might have followed Darwin and 


® written a series of technical monographs 


elaborating his views on the transmutation 
of species. He did publish works of this 
sort, but he also came out in favour of 
supernaturalism, phrenology, mesmerism, 
the nationalization of land, and eventually 


socialism, while opposing vaccination, | 


vivisection and any form of militarism. 
Wallace’s fellow evolutionists were not 
pleased. Upon receipt of a paper by 








SPRINGBOOKS. 
Wallace arguing for the scientific validity 
of certain reports of supernatural pheno- 


mena, Huxley replied that he had ‘“‘never | 
| Darwin, who “kept within tl 


cared for gossip, and disembodied gossip, 
such as these worthy ghosts supply their 
friends with, is no more interesting to me 
than any other” (p.114). 

When it came to human beings, Wallace 
was not a Social Darwinist. He thought 


that most of the illnesses of the time were 
due to the conditions: under which people. 


had to live, and he urged radical social 
change to alleviate them. He was less en- 
thusiastic about intervening in non-social 
phenomena. He was highly critical of the 
claims that the medical establishment. was 
making at the time for vaccination, He 
thought that once people lived in healthy 
surroundings with ample food and clean 
air, vaccination would be unnecessary. A 
healthy person need not fear being attack- 
ed by disease. At the very least, Wallace 
argued that the figures available indicated 
that vaccination was causing more illness 
than it was preventing. For both moral and 
economic reasons, Wallace also favoured 
vegetarianism, but.he himself was unable 
to practise it, especially after a diet of hot 
water and lean meat advocated by a Dr 


and the more pluralistic Wallace 


‘Wallace was the one who argued for thea 


| Darwin acknowledged subsidiary roles for 












Salisbury cured him of his chia ii 

My main reservation about Cl 
book is his repeated contrast” 
limits of his natural selection orb 
eventually came to believe that no nat 
istic explanation could be given of the o 
gin of either life or mind. To the contra: 
sufficiency of natural selection; “while 


a. variety of additional forces. When 


- Wallace became convinced that- natural : : 
_ Selection was inadequate toaccountforthe ~ 


superabundant powers of the human. ee 
brain, he had no auxiliary. naturalistic oo 
hypotheses to fall back on and was forced. oe 
to posit a supernatural agency. Se 

For anyone who wants to follow. the a 
genesis of Wallace’s theory of evolution, 
the early chapters of Brooks's book are ee 


_ helpful. For anyone wishing to understand _ 


Wallace as a total person, Clements’s . 
biography is a good place to begin. : = mee 
David L. Hull is Distinguished Professor of He 


Philosophy at the University af Wisconsin- 
Milwaukee, Milwaukee, Wisconsin. 
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Eye of the beholder 


Jonathan: Silvertown’ Ss textbook, introduction to Plant Population Ecology, was 
published by Longman in No vember 1982. To date some ten reviews have appeared, with 
more still to come: No one who has written a book and then followed the subsequent 
reviews will be surprised that reviewers found different things in the book: l 


On the one hand ... 


“Ecological curiosities — parasitic 
angiosperms, carnivorous plants, the vine 
habit — have been neglected.” (Ecology) 


“Another annoying problem with the 
book is that the ‘summary’ section at the 
end of each chapter seems is superfluous 

” (Ecology) 


“In places the text is extremely condensed 
and may cause some difficulty, especially 


: for the less numerate student.” (Ann, 


Bot.) 


“There are, however, some significant — 
omissions. For example, the reader might 
be excused for concluding that pathogens 
have no effect on births and deaths of 
plants and that herbivores have little 
effect.” (Times Higher Education 
Supplement) 


‘Subjects such as natural selection (p.5) 


_and seed and pollen movement (p.22) are 


a as beyond the scope of the book 
(d. ape Ecol.) 


chapter. . 


- those with little background in. $ 
_ mathematics.” (Times aael Education 


discussion.” (PIRG 


... but then, on the other 


**The vine of evergreen tropical forest 

whose oskars store food reserves in large 
tubers and whose central stem suddenly ae 
‘sprints’ upwards to the tree canopy. i 

provides a splendid focus fora discussion 

of dormancy.” (J. biol. Educ.) 


“A particularly useful feature is the use 


of summaries at the end of each | 
.? (J. biol. Educ.). 


‘The book will be readily understood by | Po 








Supplement) 


“Though it is not apparent ho he lis 
of contents the role of pathogens and 
animal predators is dealt with i in arel ant 

sections.” (Ann. Bot.) poe ree. 














“Silvertown makes many pertinent — 
comments on the work he is quoting, Y anc 
always has an eye for the evolutionary 
implications of the subject under . a 









The mischief maker 





J.O. Marsh 


The Demon in the Aether: The Story of 
James Clerk Maxwell. 

By Martin Goldman. 

Paul Harris, 40 York Place, Edinburgh: 
1983, Pp.224. £18. 








James Clerk Maxwell was more an imp in 
the underdrawings than a demon in the 
aether. True, his mischievous activity so 
undermined classical physics as to bring it 
to ruins, but that was not until 30 years 
after his death. Demon or imp, Maxwell 
remains an insubstantial figure behind the 
pages of Goldman’s biography. 

The facts of Maxwell’s life have been 
established by other scholars. His father 
devoted most of his married life to develop- 
ing and improving the family estate, Glen- 
lair in Galloway. James, the only surviving 
child of the marriage, was educated by his 
mother until, when he was eight, she died. 
His father continued the schooling initially 
by having James assist him with his im- 
provement schemes and later by employing 
a tutor. The tutor was a disaster and, at the 
age of ten, James was sent to live with his 
aunts so that he could attend the Edin- 
burgh Academy. There he made two life- 
long friends, Lewis Campbell and Peter 
Guthrie Tait, and gained the nickname 
“Dafty’’. 

After six years of learning classics at the 
Academy, Maxwell entered Edinburgh 
University. He remained there for three 
years (perhaps to stay near his father), stu- 
dying mathematics under Phillip Kelland, 
philosophy under William Hamilton (not 
the Irish mathematician) and natural 
philosophy under James Forbes. Then 
on to Cambridge and the ‘‘Public Service” 
examination, the maths tripos. He was 
second in the tripos to Routh but equal first 
with him in the unofficial physics exami- 
nation, the Smith’s prize. 

After Cambridge, Maxwell’s career was 
spectacular only by his early death. He 
spent two years as Scholar and then Fellow 
of Trinity College, four years as Professor 
of Natural Philosophy at Marischal Col- 
lege, Aberdeen, five years at King’s Col- 
lege, London, and then six years retirement 
at Glenlair (completing his father’s 
schemes on a considerably reduced scale). 
He failed in an application to become Prin- 
cipal of St Andrews in 1868 and was third 
choice to direct the new Cavendish Labora- 


i tory at Cambridge. However, the two pre- 


ferred candidates (Kelvin and Helmholtz) 


o declined and Maxwell was appointed 


Cavendish Professor of Experimental 


| Physics in 1871. He died of stomach cancer 


eight years later. 

Maxwell’s official biography was written 
by his Academy friend, Lewis Campbell, 
and his Cavendish Laboratory assistant, 
William Garnett, and first published in 


: 2 1882. This six-hundred page classic of Vic- 






torian sentimental hagiography is the main | 
source for the ten biographical chapters of | 


Goldman’s book. By cutting extensive 


quotations to ‘‘juicy’? paragraphs, by ad- | 


ding a bit of gossip about Maxwell’s wife 
and by suggesting that Maxwell’s religious 
belief was conventional ‘‘religiosity’’, 
Goldman presents Campbell and Garnett’s 
Maxwell suitably repackaged for our 
modern Victorian age. 

In the 1882 biography, William Garnett 
described Maxwell’s scientific contribu- 
tions under seven headings: experiments on 
colour vision and other contributions to 
optics; investigations respecting elastic 
solids; pure geometry; mechanics; Saturn’s 
Rings; Faraday’s lines of force and Max- 
well’s theory of the electromagnetic field; 
and molecular physics. Garnett stated 
that his contemporaries judged the latter 
two as most important and in this posterity 
has shown them to be correct, though not 
in the way they might have expected, Max- 
well’s electromagnetic theory led directly 
(not via the Michelson—Morley experi- 
ment) to Einstein’s theory of special relati- 
vity, and his molecular physics (dynamical 
theory of gases) led to statistical physics 
and quantum mechanics. 

Goldman devotes four chapters to Max- 
well’s scientific work: one each to the dyna- 
mical theory of gases and electromagnetic 
theory, one to the revolutionary conse- 
quences of these theories and one to the rest 
of Maxwell’s scientific work. Apart from 
the latter, which is little more than the 
catalogue above, each of these accounts is 


| seriously flawed. So, in the chapter on the 


ated with Maxwell” (p.110). This is non- 


dynamical theory, Goldman claims that 
the analytical methods of Fourier are ‘‘an 
abstract mathematical technique, far from 
the geometrical methods ‘normally’ associ 


sense. Part of Maxwell’s genius lay in his 
ability to switch from geometrical to ana- 
lytical methods and back, and this he did 
frequently and to great effect. 

In the chapter on electromagnetism, 
Goldman states ‘“‘It seems quite remark- 
able that Maxwell’s book, which even 
today is a model of precision and clarity, 
should have appeared murky and impene- 
trable to his contemporaries’ (p.159). 
Three pages later Goldman himself identi- 
fies the great problem with Maxwell’s 
theory: ‘‘Underlying the whole theory was 
the basic ambiguity of the nature of 
charge’’ (p.163). 

Goldman is either unaware of, or has ig- 
nored, the work published over the past ten 
years of at least a dozen scholars. Attention 
to that literature might have helped him 
avoid many errors, but I doubt if anything 
would have deflected him from the trite- 
ness of his conclusions: 


As a boy he electroplated beetles and played 
marbles (‘bools’) as a man he unified electro- 
magnetism and founded statistical mechanics. 
There is a wholeness in the circularity and im- 
mutability of his interests [p.195]. ie 
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Aristotle to Zoos: A Philosophical 
Dictionary of Biology. 

By P.B., and J.S. Medawar. 

Weidenfeld & Nicolson/Harvard 
University Press: 1984. Pp.305, 
£15, $18.50. 





Ir 1S necessary only to open the Sunday 
papers to discover that the educated man in 
the street has recently adopted biology as a 
topic for generalized opinion and dis- 
cussion. It is hardly surprising that biology 
should be the first science whose basic 
concepts enjoy universal currency. Biology 
alone among the sciences has been taught 
to all schoolchildren in the Western world 
for over a generation. The primitive 
traditions underlying the organization of 
schools have been allowed to deny most 
girls a proper education in mathematics 
and the physical sciences. As the girls and 
the physical sciences have lost from this 


mad policy, so biology has gained. Minds | 
cultivated in biology are now as common | 
among women as among men. In the bio- | 


logical sciences it is therefore no surprise, 
only a pleasure, to find a husband and wife 
sharing the writing of a book, and it is 





especially apt that the book should be a 
work intended to enlighten still further the 
biologically literate general public. 
Aristotie to Zoos is an odd book. 
Ostensibly based on Voltaire’s Philo- 
sophical Dictionary, the Medawars have _ 






used the format as an excuse to write asy 


much or as little as they wanted on 
whatever biological topics they fancied. 
This is, of course, a recipe for self- 
indulgence, and the book is not entirely 
free from this vice. Turning to the entry on 
Aristotle, for example, the startled reader 
discovers that for some reason the 
Medawars have it in for the old boy in a big 
way, quirkily preferring Coleridge as a 
superior alternative, and muttering about 
monkeys on a typewriter. I suspect that Sir 
Peter Medawar may have allowed his 
distaste for authors who write too much to 
get the better of his critical judgement. I 
remember a masterly Herbert Spencer 
Lecture given by Medawar in Oxford some 
years ago. Medawar had borrowed 
Spencer’s gigantic System of Philosophy 
from the Royal Society library and trans- 
ported it to the lecture theatre in Oxford in | 
order to illustrate his gleeful pronounce- 
ment that he himself had been obliged to 
cut the pages. His disparaging view of 
Spencer was shared by the Dean of West- 
minster, who noted in 1904, while denying 
a request to bury Spencer in the Abbey, 
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“when I ask with what important 
achievement in philosophy or in natural 
science, or with what permanent contri- 
bution to thought his name is destined to be 
connected, 1 meet with no satisfactory 
teply’’. At face value, this seems to be 
alarmingly close to the Medawars’ view of 
Aristotle! 

Experienced Medawar readers will 
recognize that a good deal of the serious 
matter of the dictionary represents Sir 
Peter’s scientific preoccupations of many 
years standing — demography, growth and 
form, the immune system and so on. These 
little essays are beautifully written, 
trenchant, witty and informative. They are 
also so erratic in level as to provoke me into 
articulating the question I had vowed, 
before writing this review, not to ask. For 
whom are these essays written? For 
example, ‘‘Growth, Laws of Biological” 
has a full-page table giving the equations 
and analytical properties of three growth 
functions, while ‘‘Population, Growth and 
Control” has a little box showing what an 
exponential series is. It probably doesn’t 
matter. After all if some of the subject 
matter of biology lends itself to elegant 
mathematical treatment, then why should 
not the numerate man in the street be given 
the pleasure of enjoying it? 

In the same context, an odd feature of 
the book is the evidence that its authors do 
not have a particularly high regard for the 
intellectual pretensions of the very 
members of the lay public who must be 
expected to buy it in largest numbers. 
Twice this group is identified as that to 
which the structural formula of water 
represents the upper limit of scientific 
knowledge. I do not trust this attitude. 
Who knows how the lay public, deprived of 
precise understanding, perceives science? 
What is certain is that it does not want to 
have its head bitten off by the Medawars 
because it knows only that H,O is water, or 
because it does not yet know that man is not 
an aggressive animal, or that you can’t 
change human nature. It does not help to 
be told merely that ‘‘educated people do 
not have to refer to ethological papers 
before rebutting these trite propositions. 
Indeed, such phrases are now almost uni- 
versally taken to mark an especially low 
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level in conversation or discussion’’. I can 
only suppose that these strictures are 
intended to frighten the ignoramus into 
silence. 

But it is best not to worry, and rather 
enjoy the lovely prose and the tough precise 
intelligence. This is not the place to hunt 
for oncogenes, homeotic mutants or other 
heroic manifestations of the trend end of 
modern molecular biology. Rather, 


Aristotle to Zoos is more like a guided tour | 


through an antiquary’s collection of 
unusual, funny, embarrassing or lovely 
things chosen for their intrinsic interest or 
on a whim rather than for topicality or 
information alone. In Voltaire’s 
Dictionary the whimsical titles and strange 
oblique manner were the disguises of a 
robust and effective attack on the hypo- 
crisy, intellectual poverty and temporal 
tyranny of the Catholic Church, Ifa central 
informing theme is to be found in the 
Medawars’ dictionary, it is an appeal for a 
disciplined and critical mind. 

A final comment, suggested appro- 
priately by the essay on zoos. Experimental 
biologists are often called on to abuse 


animals in the course of their work. These 


abuses are both sanctioned and limited by 
the laws which cover cruelty to animals. It 
is important to realize that, in Britain, the 
Cruelty to Animals Act (1876) is explicitly 
intended to permit cruelty to animals, 
Without a doubt, this licensed cruelty to 
animals takes its toll on the scientist’s sensi- 
bilities, on his ability to judge the conse- 
quences of his experiment by what one 
might call “normal” humane standards. 
Just because our animal experimentation is 
regulated by law, and law which is neces- 
sarily diffuse and imprecise in application, 
it is difficult for the scientist to retain a 
sense of primary obligation to the animal 
rather than to the law or to the experiment. 
Both in ‘*Zoos’’, and more explicitly in the 
superbly judged and eloquent essay 
“Animals and Human Obligations”, the 
Medawars show that they have managed, 
after a lifetime in experimental biology, to 
keep their sensibilities intact. 0 
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The Synergism Hypothesis: A Theory ot 2 
Progressive Evolution. 

By Peter A. Corning. 

Blond & Briges/McGraw-Hill: 1983. 
Pp.492. Hbk £15, $19.95; 
pbk $12.95. 





CONFRONTING the ultimate question, the 
secret of life, the universe and everything, — 
that well-known text A Hitchhiker’s Guide 
to the Galaxy responds simply “42”. Dr ) 
Corning’s response is The Synergism — 
Hypothesis but, unlike the Guide, he takes 
a full 492 pages of eclectic and autodidactic 
argument to expound a thesis which he — 
claims embraces everything from 
biological evolution to how to rum 
hospitals in California, taking in en route — 
cost-benefit analyses of the relative merits 
of the political systems of Iran and Mexico, 
and cooperative phenomena in the 
synthesis of proteins. It is at once evident 
that in The Synergism Hypothesis we are 
confronted with a book that its author and 
publishers wish us to see as a Great Event. 
Faced with such a range of subject matter 
and an author who we are told is “one of 
the pioneers in applying a biological 
perspective to the social sciences’’ how is a 
poor Cambridge empiricist like the present 
reviewer, constrained to crawling along the 
frontiers of knowledge with a hand-lens, 
and taught to eschew Grand Theory, to- 
cope? 7 
Dr Corning, as we might imagine, has 
few doubts as to the importance of what he 
has achieved — ‘like Darwin’s theory, 
properly understood, my theory makes 
only one unequivocal prediction’, he 
informs us with no false modesty (p.392). 
One’s sense of awe is only slightly quench- 
ed to read on as follows: ‘‘that the future 
cannot be predicted with certainty because 
the process is not linear or 
deterministic . . .’’. Well yes, but Darwin 
had just a little more to say than that, or we 
would not still be reading him today. Dr 
Corning, however, sees himself firmly : 
seated at High Table with the intellectual 
giants of the past 2,500 years, praising 
Plato and Durkheim here, criticizing Marx 
and Darwin there, mapping his own | 
ideological descent with a scent-marking of ie 
faint acclaims and sharp disapprovals. © 
So what is the Synergism Hypothesis? 
“Functional synergism is so much a part of : 
our daily lives that we generally take it for 
granted” (p.228). Well, thanks. But is it 
new? “Plato and Aristotle understood t 
synergism principle; so did Adam Smith 
(p.229). So why do we read Dr Corning? T 
tell us that we can see synergism at wor 
when we “Imagine a scissors with only 
blade, a tweezers with one claw 
broken drinking glass. . . an electric ap 




















ance during a power outage”. (p.230). 
Synergism is in the food we eat, the baking 
of a lemon pie, personal health, the tele- 
phone system, insurance, shopping 
centres, multiple movie theatres (p.233). 


So that’s what Adam Smith has in common — 


with a supermarket? 

Beneath his grandiose rhetoric and cam- 
ouflaged by his heavy reference list, Dr 
Corning is calling attention to the modest 
but unfortunately not self-evident state- 
ment that reductionism is an inadequate 
programme for the scientific understand- 
ing of living organisms or the societies they 
construct. Although it is not clear why the 
author thinks he has contributed signifi- 
cantly to the debate over the limits to the 
reductionist programme, there is no doubt 
that his book has been written in reaction to 
claims made even more stridently than his 
own — those of sociobiology. E.O. 
Wilson’s ludicrous claim that ‘‘The devel- 
opment of fundamental theory in 
sociology must await the full neuronal 
explanation of the brain’’ stands, an epi- 
gram contrasted with others by Durkheim 
and Gould, at the head of one major 
chapter. Dawkins’s “lumbering robots” 
programmed by those misbegotten “‘selfish 
genes’’ lurk wolfishly i in Corning’s pages to 
be stripped yet again of their skins to reveal 
the sheep they really are. 

Complex wholes are not reducible to 
~ gntologically prior parts; systems have 
properties which are not dissociable into, 


`: or strictly predictable from, the units of 


which they are composed. New properties 
emerge with complexity, and genes should 
no more be described as selfish or aggres- 
sive than should humans be regarded as 
subject to Van der Waal’s forces or Brown- 
ian motion. Laws of motion descriptive of 
one level of organization of matter are not 
translatable, holus-bolus, to another. That 
these statements are not self-evident is due 
to the ideological power of reductionism, 
not least within the pages of Nature. There- 
fore, I must, in principle, welcome Dr 
Corning to the side of the good and the true 
who fight the brave fight against reduction- 
ism. 

However, mine enemy’s enemy is not 
always to be seen as unequivocally clear- 
headed and right-minded. In his eagerness 


- to defeat the reductionist myth, Dr Corn- 


ing elevates synergism itself to the great 
organizing principle of nature much as 
Engels once did for the dialectic. Oddly 
The Dialectics of Nature does not appear to 
be part of Dr Corning’s otherwise omni- 
vorous reading, albeit his list of examples 
of synergism reads uneasily like Engels’s 
claims to find the transformation of quan- 
tity into quality in the boiling of water, and 
the interpenetration of opposites in the 
north and south poles of a magnet. 
Despite Dr Corning’s clarity in avoiding 
the trap. of reducing individual social 
actions to the mere motions of molecules, 
he oddly fails to avoid the trap of seeing 
society as. composed of individuals whose 


o market-like: relationships conform to some 






cybernetic piole or ae Whetheri in- 
dividuals choose to act socially, he implies, 


is their own affair — as if they at least were 
free. Faced with the problems this might 


entail, he weakly invokes Sperry’s principle | 


of downward causation as if this might 
spring the trap. The consequence is that 


whilst his early chapters on Darwin, pro- | 


gressive evolution and interactionism are 
merely platitudinous and longwinded, his 


final chapter on a ‘‘general theory of | 
| politics’? is downright inadequate. A 


theory of politics which has no place for 
conflict — of class, gender or race — and 
which sees no theoretical difference 
between socialism and capitalism, is frank- 
ly out of place in anything except, appar- 
ently, a Stanford Political Science class. It 


Between Brussels and 
Westminster 


Eric Ashby 








EEC Environmental Policy and Britain: 
An Essay and a Handbook. 

By Nigel Haigh. 

Environmental Data Services, Unit 24, 
Finsbury Business Centre, 40 Bowling 
Green Lane, London: 1984. Pp.324. 
Pbk £12.95, $25. 


The Pollution Control Policy of the 
European Communities, 2nd Edn. 

By Stanley P. Johnson. 

Graham & Trotman, Sterling House, 
66 Wilton Road, London: 1983. 
Pp. 244, £18. 





«As BEFITS the genius of Europe, 
particular attention will be given to 
intangible values and to protecting the 
environment. . .’’. This burst of rhetoric 
was issued by the heads of state or govern- 
ment in the European Community, when 
they met in 1972. It is the foundation for an 
environmental policy for Europe. A weak 
foundation, in the opinion of some 
lawyers, for the legal basis of the European 
Community is the Treaty of Rome; the 
purpose of the Treaty is to establish free 
trade between member states. To this end 


‘*harmonize’’) their national laws in so far 
as they “‘directly affect the establishment 
or functioning of the common market’. 


Laws to protect the environment are, 50 | 
these lawyers say, irrelevant to the Treaty | 
unless it can be demonstrated that they 


‘‘directly”’ affect trade. 


This is no legalistic quibble. An | 
important principle is at stake. Every item | 
of Community law agreed to by a member |. 
state involves a corresponding surrender of | d 
sovereignty by that state. Directives from E 
the Community, once agreed, have the | — 
force of international law. Therefore if bed de 
Britain acquiesces in some Community law | 
to protect the environment and which has | 
no direct effect on the functioning of the | 


r l is in this s chapter that’ Dr Corning compares : 








his two Californian hospitals, one 
cybernetically run, ‘‘lean, highly efficient”’ 

and generating a satisfactory profit; the 
second lax, with a ‘‘chit-chat culture’; 
which turns a loss to its investors. There is” 
no doubt which Dr Corning prefers. But 
his account fails to tell us which of these 
two hospitals has a better patient recovery 
rate, and in which of the hospitals the 
patients feel happiest. Could there just be 
something missing from his Grand Unified 
Theory? 7 Pi 
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common market, there may be a risk {to 
quote the words of one of Britain’s law 
lords) of ‘‘a creeping surrender of our 
national sovereignty in almost unlimited 
fields of law”. Well, we have taken the 
risk. 

The Declaration of 1972 has the 
authority of a moral exhortation and 
nothing more. It is, for me, a cheering sign 
of sanity that Britain, though not even a 
signatory to the 1972 Declaration, has 
acquiesced — though often with ill grace — 
in many environmental directives from 
Brussels. The ill grace was not without 
provocation: the drafting of some of the 
directives was ham-fisted, not to say 
stupid; and Britain, having been the first 
European nation to despoil her environ- 
ment, has learnt, better than any other 
European nation, how to repair the 
damage. So Britain had valuable 
experience to offer Europe. Has the offer 
been welcomed? On the whole, no. Never- 
theless Britain has accepted the moral, if 
not legal, obligation to surrender some 


sovereignty over the control of her ownair, 
water and land. Mr Haigh’s book is a ™ 


critical study of this unrecorded and 
remarkable influence of the Community 


-on British policy. 


If Mr Haigh has a fault, it is an excess of 
modesty. He calls his volume a 
“handbook” accompanied by an ‘‘essay’’. 


| It is in fact a penetrating and perceptive 
the member states agree to approximate (or | 


analysis of the evolution of an environ- 


mental policy for Europe and Britain’s 
response to it; written with scrupulous 
regard for accuracy and fairness; critical in 
places but always courteously so; offering 


opinions of his own which are clearly the 


result of very careful assessment of a mass 
_ of material: a book of outstanding quality. 
The only justification for calling it a hand- 





book is the systematic way in which the 
vase studies of over ce rty. Commission 











l ‘Dalted k Kingdom. 


In his introductory essay, Mr Haigh 
describes the historical and administrative 
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framework into which Community law has 
to be set. Immediately the problems 
appear. It is British policy to delegate 
responsibility and discretion to local 
authorities; to impose a blanket-regulation 
from Brussels upon a county council or a 
regional water authority is to weaken this 
cherished tradition. It is British policy, too, 
to be deliberately imprecise over some 
matters (was it not Churchill who said that 
we never create a distinction without 
blurring it!). For instance we are content in 


Britain to prescribe that our drinking water 


shall be ‘‘wholesome’’; the European 
Council Directive of 15 July 1980 on the 
quality of water for human consumption 
specifies 63 parameters, from colour to 
coliform count, which have to be at accept- 
able levels. No wonder, when a stream of 
draft directives began to flow into Britain, 
there was a conflict between the often com- 
placent pragmatism of the British and the 
often arrogant rigidity of the Europeans 
across the Channel. The most serious 
encounter was over the protection of what 
directives call ‘‘the aquatic environment”, 
Do you fix an upper limit to the level of 
pollutants that can be discharged into the 
aquatic environment, from a pulp mill or a 
titanium dioxide works, to be the same 
from Scotland to Greece? Or do you take 
into account that the capacity of the 
receiving water to dilute and disperse the 
pollutants is greater in the Atlantic Ocean 
than it is 300 miles up the Rhine: and that it 
is the quality of the receiving water that 
should be the criterion for control of pol- 
lution? 

Mr Haigh, in his case-studies, deals with 
this and a dozen similar conflicts with 
sympathy for both sides. On one hand 
many of the draft directives have been 
shoddily prepared, with totally inadequate 
scientific backing in some instances not 
even consistent with the scientific advice 
the Commission itself sought. They 
™ deserved, and got, scathing criticism from 

“the House of Lords scrutiny committee set 
up to deal with directives. On the other 
hand the British government has often 





adopted attitudes as pedantic as anything 


that has come from Brussels; it has on 
occasion been querulously defensive, and 
sometimes (for example in citing, in its 
defence, provisions in the Control of 
Pollution Act that had not been imple- 


mented) downright disingenuous. These 
and other faults on both sides are dealt with | 


fairly and impartially, but Mr Haigh 
disciplines himself severely to keep within 
his self-imposed terms of reference, which 
_ are to examine the influence the 





‘E Community has had on environmental 


policy in the United Kingdom. He admits 
that it is hard to isolate the influence of the 
Community from other contemporary 
influences: the ten reports from the Royal 


Commission on Environmental Pollution, | 
for example, and the pressures from. 
environmental lobbies (to which, in my | 


view, he gives too little weight). But he does 
make a case for some impact from 
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Brussels: the belated decision to set (rather 
than just waffle about) environmental 
quality objectives in rivers; the agreement 
to adopt mandatory air quality standards 
for sulphur dioxide and particulates; some 
features of the Wildlife and Countryside 
Act; and (a more dubious benefit) the 
substitution of control by regulation in 
place of voluntary agreements (which for 


detergents had been entirely successful). 3 
_ The chapter on the British influence on | $ 
the Community is brief, but that is not 


what the book is about. I’m “sorry, 
however, that Mr Haigh did not make one 
point which would, if the Commission in 
Brussels would listen, greatly smooth the 
path of negotiation over directives, That is 


to demand that the Commission should: 


publish regularly, from the mass of data it 
receives, comparable figures to show the 
different degrees of compliance among 
member states with these directives. From 
several sources one can see the trend in 
sulphur dioxide emissions in Britain over 
the past ten years; one can see also: the 
changes in the mileage of rivers of different 
qualities; the levels of dust in the air; and so 
on. But where can one find, so easily 
accessible, data from any other member 


state in the Community? And how, 


without such baselines for environmental 
trends in each member state, can one devise 
an environmental strategy for Europe? The 


EEC has dismally failed to provide these 
comparative data. Summaries in the 


Environmental Action Programmes are 
worthless, for they have nothing to say 


about the implementation of the laws that | 


look so good on paper. 
Mr Stanley Johnson’s book, like the 


official publications from the European 


Commission, contains a suave sanitized 
version of the environmental legislation, 


with scarcely a hint of the controversies and 


political scheming that have so often 
distorted its intentions. The book, despite 
its pretentious: title, is (as Mr Johnson 
admits) ‘‘purely documentary’’, an 


assembly of texts, all of them already pub- 


lished. In places it goes into tedious detail, 
giving (for instance) the full names of 129 
chemicals that could belong to the 
notorious ‘‘black list” of substances to be 


“eliminated” from the aquatic environ- | $ 
ment. It is useful to have in one volume a | 
catalogue of the environmental directives: | 
but such critical assessments as the book | 
contains are as bland as those one f. indsina 
mail-order catalogue. It is disappointing 


that the vice-chairman of the European 
Parliament’s Committee on Environment 
can offer nothing more than this. In 
contrast, Mr Haigh’s book is a solid contri- 
bution to the debate on an environmenta 


gone 


Strategy for Europe. | E 
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GWYN Macfarlane prefaced his biography 
of Lord Florey with an aphorism attributed 
to Voltaire: “We owe consideration to the 
living; to the dead we owe only the truth”. He 
might have saved it for this following volume. 
But “what is truth” said Francis Bacon’s 
jesting Pilate. The fluent prose of Alexander 
Fleming: The Man and The Myth, a book 
which provides a definitive assessment of the 
role of Sir Alexander Fleming in the story of 
penicillin, should persuade readers to stay for 
the author’s answer. 

In the 1940s there was world-wide 
gratitude for penicillin. Fleming found that 
fame had been thrust upon him and that he 
alone had become associated in the public 
mind with the name he gave to an active 
‘mould broth filtrate’. But his discovery 
had been made in 1928. André Maurois and 
others have presented their views on the 
eclipse of penicillin during the intervening 
years. Gwyn Macfarlane has now written 
the most detailed of all the biographies and 
has taken pains to consult primary sources. 
As one who has made distinguished contri- 
butions to medical research but has no 
personal place in this story, his judgement 
deserves respect. 

Fleming’s Scottish background and the 
events which led him from an Ayrshire 
farm to St Mary’s Hospital are the subjects 
of early chapters. The farm held no future 
for him, as a younger son, and he took the 
road to London, like many Scots before 
him. Living with a brother, he attended the 
Regent Street Polytechnic and then became 
a junior clerk in the American Line. 

It was an unexpected legacy of £250 that 
enabled Fleming to study medicine, and he 
apparently chose St Mary’s because he 
had once played water-polo against the 
hospital team. Later, another seeming irre- 
levancy — that he was a fine shot — 
deflected his thoughts of becoming a 
surgeon. To keep him in St Mary’s rifle 
team a colleague persuaded Sir Almroth 
Wright to take him as a part-time research 
assistant. By this time we see him as a 
modest man who was remarkably good in 
examinations, and enjoyed games and 
company, but who was so lacking in 
conversation that his blue eyes were said to 
be sometimes immobilized in a basilisk 
stare. 

The book contains an amusing sketch of 
Almroth Wright, a formidable intellectual, 


full of conviction that his mental powers | 


would reveal the solutions of medical 
problems, on whom Bernard Shaw 


modelled Sir Colenso Ridgeon in The 
Doctor’s Dilemma. He had produced a 
vaccine that offered protection against 
typhoid fever and was persuaded that 
vaccines would cope with bacterial 
infections in general by stimulating phago- 
cytosis. Fleming, who never liked to stray 
far from experimental facts, was as 
different from Wright as Florey was from 
Chain, but he became Wright’s disciple in a 
newly created Inoculation Department 
which financed itself by the sale of 
vaccines. 

In 1921, Fleming made an unexpected 
observation. While suffering from a cold, 
he isolated, apparently from his nasal 
mucus, a rare coccus which he then showed 
was lysed by nasal mucus and thus dis- 
covered lysozyme. Macfarlane wonders 
why the mucus was tested against an 
organism that had survived in its presence 
and suggests that the experiment might be 
placed in the random category condemned 
by Wright as a sin against the Holy Ghost. 
However that may be, Fleming regarded 
his work on lysozyme as his best contri- 
bution to bacteriology. 

His second major discovery, in 1928, was 
at least as extraordinary as the first. He was 
not looking for an antibacterial substance 
but for staphylococcal variants because he 
had been asked to write an article on 
Staphylococcus. A seeded plate he had put 
aside was later found to be contaminated 
with a Penicillium and around the fungus 
bacterial colonies were apparently under- 
going lysis. But since penicillin lyses only 
growing staphylococci and not fully grown 
colonies, how did this come about? 
Macfarlane accepts the convincing explan- 
ation given by Ronald Hare in The Birth of 
Penicillin: cool weather allowed the fungus 
to grow first and produce penicillin; it then 
became warmer, and the bacteria grew and 
underwent lysis. 

Fleming deserved praise and gratitude 
for his acute observation and for the 
curiosity which prevented him from dis- 
carding an unexpected contaminant, as 
others might have done. He showed that 
his culture filtrate had selective activity 
against bacteria and that it was not toxic to 
leukocytes and a rabbit. He thought at first 
that it might be used for the local treatment 
of septic wounds, in which other anti- 
septics had been worse than useless because 
they killed leukocytes before bacteria. But 
when ‘‘there was no miraculous success”’ 
he was quickly discouraged and wrote in 
1940 that ‘‘the trouble of making it seemed 
not worthwhile’’. In his paper on cultures 
of a Penicillium in 1929 he made ‘‘special 
reference to their use in the isolation of B. 
influenzae’, which he had studied during 
the influenza pandemic of 1918, and pre- 
sumably had in mind the preparation of a 
vaccine. 

In 1936, when Colebrook was demon- 
strating at St Mary’s the ability of prontosil 
to cure dangerous streptococcal diseases, 
Fleming carried out experiments in mice 
and rabbits to determine whether a 
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combination of vaccine and sulphonamide 
treatment would be beneficial, but he 
showed no renewed interest in penicillin. 
The evidence is overwhelming for the con- 
clusion that neither he nor anyone else at 


that time envisaged that penicillin would be 
a systemic therapeutic agent. Perhaps, as 
Macfarlane suggests, Fleming’s attitude 
was conditioned by a finding that penicillin 


ies 





Fleming in caricature, as ‘‘Private 606°. A 
cartoon by Ronald Gray, i911. 


disappeared rapidly from the blood and his 
belief that it was inactivated by serum. 
Penicillin was not forgotten, however, 
when Howard Florey and Ernst Chain of 
the Sir William Dunn School of Pathology 


decided to make an academic study of the | 


antimicrobial substances known to be pro- 
duced by microorganisms. The decision 
was a consequence of Florey’s earlier 
interest in lysozyme and the urgent need to 
obtain money for research. Its outcome, 
made possible by the efforts of a small 
group of people under the constraints of 
war, was Florey’s demonstration in 1940 
that even very impure penicillin could 
protect mice from otherwise lethal systemic 





From Alexander Fleming, 




















infections with streptococci and staphy- 
lococci, and the finding in 1941 that it 
could save patients from infections that 
would previously have been regarded as 
fatal. 

The results obtained at Oxford trans- 
formed penicillin from a biological curi- 
osity into a substance with great potential 
in medicine. A letter from Almroth Wright 
to The Times, in which he placed a laurel 
wreath on Fleming’s brow, was followed 


by a flood of misleading publicity. Gwyn | 
Macfarlane attempts to throw light on how | 


it happened that Fleming was credited with 
a vision he did not have and even with work 
he had not done, while the discovery at 
Oxford, if mentioned at all, was presented 
as a minor development. It is clear that 
Florey had no wish for notoriety when so 
little penicillin was available and turned 
journalists away. As to what occurred at St 
Mary’s the author can only surmise, but he 
points out that the Medical School had a 
history of poverty, and consequently of 
fund-raising, and that its Dean, Lord 
Moran, numbered Lord Beaverbrook (no 
stranger to publicity) among his influential 
friends. 

Fleming himself made no exaggerated 
claims, although he acquiesced in what was 
happening and occasionally insinuated 
that the short-comings of others were 
responsible for his failure to exploit his dis- 
covery. Towards the end of the book we 
have an entertaining account of the effect 
of his rise to fame on his later life. 
Innumerable invitations, often involving 
long travel and coupled with scientific 
and social programmes that would have 
daunted many a younger man, were 
accepted without hesitation. But he 
received the praises of the crowds with 
becoming modesty and certainly never suc- 
cumbed to folie de grandeur. 

The main reason for concern about the 
_ Fleming myth was the possibility that it 
“would permanently falsify the history of a 
~ dramatic medical advance. It had little 
influence on the judgement of the scientific 
establishment. Although the first clinical 
trial made it likely that penicillin’s contri- 
bution to medicine would be immense, the 
work that had brought this about had made 
no comparable contribution to science. 
Florey wrote “The almost miraculous 





properties of penicillin should not blind us- 


to the fact that the work carried out at St 
Mary’s Hospital, London, and at Oxford 
introduced no new chemical or biological 
principles. The results, however, were new 
and the effects on medicine widespread”. 
_ No one could have foreseen, in 1941, the 


“® chemical and biological developments 


which were to give the 8- lactam antibiotics a 
Scientific interest for a further forty years 
and continue to do so today. But this story 
lies outside the scope of Gwyn 
Macfarlane’s book. C 
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Sir Edward Abraham is Emeritus Professor of 
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The Independent Nuclear State: The 
United States, Britain and the Military 
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Press, London: 1984, Pp.340. $30, £25. 
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A KINDLY angel must have supervised the - 


gestation of Dr Simpson’s enterprising 


‘book, for he begins by explaining that he 


intended to write on a different subject 
altogether and that subsequent changes of 
plan have greatly delayed its completion. 
The result is that the book emerges at a 
most timely moment in both the politics 
and the historiography of British nuclear 
forces: politically because of the current 
and continuing debate over the British ac- 
quisition of Trident II, and historiographi- 
cally because a great deal of hitherto highly 
secret information is beginning to appear in 
the United States. Indeed it is one of the 
few and unavoidable limitations of this 
book that already it needs updating by 
reference to recent disclosures. So much 
more closed is the British defence establish- 
ment than the American, however, that 


this new information affects the context. 


rather than the substance of the British 
story, and Dr Simpson’s heavily docu- 
mented account is likely to remain stand- 
ard and invaluable for some years to come. 

Scientifically competent readers will 
doubtless take particular interest in the 
author’s effort to put precise numbers on 
the scale of British military nuclear produc- 
tion, by means that he himself admits to be 
crude and disputable. For those with a 
more general concern for the strategic and 
political implications of the British nuclear 
force, it is instructive to note that the cur- 
rent generally accepted ‘force loading” of 
the British submarine strategic force of 
about 200 warheads, is exactly the goal set 
in 1948 for achievement in 1960. This may 
say something about the stability of British 
conceptions of an adequate “assured 


destruction” capability, especially if we 
"assume some rough correlation between 
- the: off-station factor in the submarine | 
force and the likely attrition of its airborne 
predecessor. Whereas, however, the 1948 


projection was conceived to be about half 
the American capability, today’s British 
force is eclipsed in scale by that of the 
United States. The record of the British 
nuclear effort is, indeed, one of being 
steadily overtaken, though running a very 
game race. In 1941 Britain was probably 
the leader; by the time its national pro- 
gramme approached the point of acquisi- 
tion of weapons, a decade later, Britain was 
already trailing the Soviet Union and about 





to become the world’s first “Nth nuclear | 


power”. 


_ which not even the outsider 
_ The game is not made easi 





Dr Simpson’s book, like Professor 
Margaret Gowing’s official histories of the- 
very early years, affords intr uing glimp- 
ses of mixed and often conflicting reason- 
ing that has led successive British govern 
ments of both political ersist in 
game in which the odds ars 











changes in the rules. At the beginning the 
problem was to get the bomb; by the 1960s - 
the trick was to deliver it. At the outset hav- 
ing the bomb was thought to be more im- 
portant than knowing what it was for. In _ 
1947 the Foreign Secretary, Ernest Bevin, 
was content merely to argue that Britain 
“could not afford to acquiesce in an 
American monopoly in this new develop- 
ment”. When, in 1948, the RAF specifieda_ ; 
force capable of attacking 59 Soviet cities _ 
— even though many members of the 
Labour Cabinet would not accept that the 
Soviet Union was an enemy, a scruple the _ 
Berlin blockade and Czech coup were to 
remove — policy was still concerned with 
tactics rather than strategy. Only in AOSZ 
when the British Chiefs of Staff devised 
and later sold to Churchill when restoredto _ 
power a “‘grand strategy” based on deter- 
rence by nuclear retaliation, could it be said 
that the expensive and secret weapon pro- 
gramme was harnessed to a strategic theory 
~- albeit a debatable one. 

It has long been known that the incom- 
ing Eisenhower Administration drew some 
support from the British strategic theory _ 
in. evolving its own doctrine of Massive 
Retaliation. The whole British story is; of | 
course, intimately bound up with the 
United States. The relationship was and is 
a complex one, and the motives, principles. a 
and prejudices of so many different layers hoe 
of the pluralistic American machine — 
politicians, military and scientists = made 
it difficult for the United States to pursuea 
consistent policy. | ee 

What the British needed fromthe United 
States — help in reducing costs — was 
rather simpler, and they were not without n 
levers: among them their undoubted skil 















enjoyed by being the weaker partner in an 
enterprise — the containment of the Sovi 

Union — of great importance to the United 
States. Merely by implication — often 
genuinely without any intention of doing 
so — Britain could threaten to diver 
resources from supplying the conventi 
strength NATO needed, could sh 
of paying a political price, perhap 
price in nuclear co-operation, t 
French welcome to the Euro 
munity, or could obstruct an a 
initiative dear to America. _ 


> Inthe case of arms control, as in several 
: other aspects of policy, Dr -Simpson’s 
detailed account of British policy makes 
-clear how often things were not what they 
seemed, how often apparent virtue masked 
more selfish motives, and how good causes 
produced unanticipated effects. This was 
particularly clear in the 1950s with in- 
itiatives for “Atoms for Peace’’, for a test 
ban, and for a cut-off of fissile material 
production, As keen as the Eisenhower Ad- 
ministration was on impeding the Soviet 
erosion of American nuclear superiority 
and on discouraging the French and 
Chinese nuclear programmes, the British 
were still on the wrong side of the line so far 
as actual achievement of their own stock- 
pile was concerned, particularly of thermo- 
nuclear weapons. They were able to use 
their obstructive potential to win help in 
accelerating their programme through the 
1958 amendments to the MacMahon Act. 
As a precaution Britain had also ac- 
. celerated its plutonium output, however, 
and once American assistance led to more 

economical warhead designs, was able to 


barter plutonium for further assistance. 


~All quite useful, perhaps, but not what was 
`- originally intended and rather remote from 
the issues with which political debate in 
either country was ostensibly concerned. 
A better known paradox of the British 
nuclear relationship with the United States 
is illuminated by Dr Simpson’s characteri- 
zation of the roles played by Britain’s two 
leading political parties. As Ernest Bevin’s 
remark quoted earlier reminds us, the 
Labour Party, presumably because of a la- 
tent suspicion of the United States, was not 
only the founder of the independent British 
nuclear programme, but the more insistent 
that it should be independent. The first 
British tests were conducted in Australia 
rather than, as might have been possible 
and cheaper, in the United States, chiefly 
because Clement Attlee was unwilling to 
become dependent on the Americans. 
Churchill, by contrast, was much more 
inclined to see the nuclear programme 
as a tool in strengthening Anglo-American 
relations, even at the price of some loss of 
independence. It was Macmillan who bas- 
ed British nuclear power on an American 
missile but Labour Governments under 


Harold Wilson and James Callaghan which | 


Journal reviews 1984 


The next review supplement to appear in Nature 
will be the New Journals Review, on 27 Septem- 
ber. Criteria for journals to be considered for 
review are: | 

(i) the first number appeared, or the journal 
was te-titled, between June 1982 and May 1983 
(these time limits allow for the publication of 
several issues of a journal, on which a reason- 
able judgement may be based); 

(ii) the journal appears at least three times a 
year; ek tee 
(iii) the main language used is English. 

During May publishers will be requested to 

submit four issues of appropriate publications 


“for review. 





| secretly completed the new re-entry vehicle | 
- Chevaline and reacted to a rising tide of 
American anti-proliferationism, especially | 


under President Carter, by establishing a 
national source of tritium and reopening 
stages of the British enrichment plant. 
Once President Reagan changed the 
rhetoric, it was the subsequent T hatcher 
Government that slowed down this process 
and purchased yet another American 
missile. 

In the last and inevitably most specula- 
tive part of his book, Dr Simpson considers 
the future of this trans-Atlantic nuclear re- 
lationship and of the British force within it. 
Reluctantly he comes to the conclusion that 
Britain could not readily become a non- 
nuclear power even if it wanted to do so; it 
is too impregnated with knowledge and 
capability. This observation constitutes yet 
another recognition of how elusive the 
distinction between nuclear and non- 
nuclear powers becomes as understanding 
of nuclear engineering proliferates. 
Nuclear weapons play their part chiefly as 
latent factors in political relations. Hence 
the importance attached to the status of 
Israel and India as virtual nuclear powers 
or to Argentina and Pakistan as nearly- 
nuclear powers. Somewhat the same 
relativism is appropriate in contemplating 
the pervading question raised by Dr Simp- 
son’s book: just how independent is the 
British deterrent? The brief reply is that 
there is no simple answer to such a ques- 
tion; most of the time derivative weapons, 
like potential weapons and suspected 
weapons, can all play some part in the poli- 
tical balances. 

Nevertheless the state of Anglo-Ameri- 
can nuclear relations is a major influence 
on the tone of the alliance, and one reason 
Dr Simpson’s book is timely is that several 
current trends could radically alter that re- 
lationship in the next few years. In Britain, 
the chief source of instability lies in the 
Labour Party’s move outside the biparti- 
san consensus that has prevailed since the 
1940s. In the United States, if the mood 
represented by Dr Henry Kissinger’s recent 
demand that the Europeans should show 
greater self-reliance in defence gains much 
ground, it must inevitably become entang- 
led with Mr Robert McNamara’s parallel 
insistence that the United States offer less 
by way of nuclear guarantees to Europe. 
The relatively relaxed British attitude to the 
question of dependency or independence 
has flourished under the shade of a sturdy 
American nuclear umbrella. It is too early 


to say what the outcome would be if the 
web of mutual Anglo-American under- | 


standing in nuclear matters began to un- 
ravel. The story told by Dr Simpson does 
suggest one firm prediction, however, and 
that is that the result is highly unlikely to be 
exactly what anyone intended. n 
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Laurence Martin, Vice-Chancellor of the Uni- 
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of War Studies at the University of London 
from 1968 to 1977. 
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No Fire No Thunder: The Threat of 
Chemical and Biological Weapons. 

By Sean Murphy, Alastair Hay and 
Steven Rose. l 

Pluto Press: 1984. Pp.145. Pbk £3.95. 





Many years ago we bravely faced the 
“bomber gap’’. Latterly we have been 
strenuously persuaded of the ‘‘missile 
gap” in its various configurations, not to 
mention the attendant “window of vul- 
nerability’’ — the metaphors tend to 
become a little mixed — but we are back 
again with what is currently advertised as 
the ‘‘gas gap’’. The deterrent, or one com- 
ponent of it, is again threatened, or so 
Richard L. Wagner, assistant to the US 
Secretary of Defence, asserts. ‘“The United 
States currently lacks a deterrent to a Soviet 
chemical weapons attack in Europe’’, since 
there is no counterpart to match Soviet 
capability to lay down a persistent gas 
screen beyond the 10 kilometre artillery 
range. 

Soviet forces, equipped with binary 
weapons and “14 or 15 chemical weapons 
capable of being delivered at long ranges”, 
can deliver persistent agents deep within 
NATO’s rear, well beyond artillery range, 
engulfing logistics, supply centres, air- 
fields, and command and control links. At 
such ranges NATO forces must fight “‘but- 
toned up”, encumbered with protective 
gear, while Soviet rear areas would be vir- 
tually immune: air delivery of chemical 
agents by NATO at present involves pilots 
flying what amounts to suicide missions, 
coming in low and ona predictable course, 


only to deliver antiquated munitions as au, 


spray which disperses all too quickly. 
Hence the ‘‘gas gap’, and weapons such as 
BIGEYE (a spray bomb for F-111 aircraft) 
as well as plans to develop some 15 types of 
munitions in the binary role. 

The subject of chemical and biological 
warfare (CBW), while having its own 
arcane vocabulary, also exudes singular 
repulsiveness. ‘‘Binary weapons’’ sound 
almost clinically clean, shut away from this 
house of horrors, but the monster is loose, 
striking most recently in the Iran-Iraq war 
where mustard and nerve gases have been 
used. This alone would give No Fire No 
Thunder not only great timeliness but also 





added value as a guide to this particular . 
type of warfare, BIGEYE included as well ~ 


as those reports from South-east Asia and 
Afghanistan. In the latter context, opera- 
tions in Afghanistan, the reader can use- 
fully turn to an article by Dr E. M. Spiers, 
“Gas and the North-West Frontier’’, pub- 
lished in The Journal of Strategic Studies 
tudes to gas and ‘‘frontier difficulties’, — — 
Whatever the wrangling over the use of 
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particular agents in Afghanistan and 
South-east Asia, chemical agents as such 
together with toxic trichothecenes — a 
form of “biochemical warfare’ —, there 
can be no dispute about the onset of 


~**chemical warfare” in the Iran—Iraq war. 
‘Both TABUN(GA), ethyl-NN-dimethyl- 


phosphoramide cyanidate and mustard gas 
(dichioroethyl sulphide) have been used on 
the battlefield, all in a pattern strongly 
reminiscent of the use of chemical weapons 
by Italy in Ethiopia in 1935-1936, using 
this type of weapon against forces poorly 
equipped to neutralize their effects. That 
background, and indeed one much wider, 
bringing the story into the 1970s, is amply 
delineated by Chapter 2 of No Fire No 
Thunder: this account is especially useful 
for its careful classification of the various 
agents and their possible use. In short, the 
book is an excellent updating of the major 
six-volume work from the Stockholm 
International Peace Research Institute, 
The Problem of Chemical and Biological 
Warfare, first published in 1971. 

To say that the whole subject is an emo- 
tive one is to make a massive understate- 
ment. The folk memories of the First 
World War, and of the release of 168 tons 
of chlorine by the Germans at Ypres in 
April 1915, have not faded. And during the 
Vietnam War, American public opinion 
was outraged at the use of emetic gas which 
caused enemy soldiers to vomit on the bat- 
tlefield, part of public revulsion at weapons 
which kill ‘‘slowly’’. The authors of No 


Fire No Thunder made excellent use of 


such historical examples to emphasize the 
“cynicism” of the wording of CW agree- 
ments — the Germans did not use projec- 
tiles to disseminate liquid chlorine — and 
the implications of a new arms race almost 
hidden under such euphemisms as ‘‘binary 
weapons’’, not to mention a propaganda 
war of words designed to justify chemical 
weapons rearmament. 

Though cynicism may be admitted in the 


~~ drafting of agreements, deftly designed to 





provide loopholes, Dr Nicholas Sims has 
also underlined the significance of these 
niceties in his paper ‘‘Mycotoxins and 
Arms Control’’ (ADIU Report, December 
1981) on the applicability of the Geneva 
Protocol of 1925 and the 1972 Convention 
on Biological and Toxin Weapons. This is 
not mere legerdemain but an issue of the 
greatest importance, one somewhat gloss- 
ed over by the authors in their discussion of 
‘‘yellow rain” in Chapter 4: it is perhaps a 
most unfortunate turn of phrase to insist 

n ‘‘healthy scepticism” about ‘‘yellow 


, rain’’ when the whole context is decidedly 


unhealthy. 





Meanwhile, the entire question of CW 
arms control has been raised anew with 
President Reagan’s latest proposals for 
banning the production, possession and 
use of chemical weapons, coupled as it is 
with a call for American investment in its 
own ‘“‘limited retaliatory capability” in 
chemical weapons. With respect to that key 
issue, verification, Soviet officials have 


SPRING BOOKS 


already indicated willingness to open 
“‘declared’’ sites to inspection but refuse 
any comprehensive ‘‘right to look”. 
Earlier talks in 1976-1979 between the 
superpowers founded on verification, a 
factor which may well prevent any global 
agreement in the future. Not all is lost, 
however, if we pursue Professor G.K. 
Vachon’s suggestion, made in Survival, 
that regional arrangements might be made 


for curbing CW, much on the lines of the 


Treaty of Tlatelolco banning possession 
and use of nuclear weapons in Latin 
America. In a sense, the industrialized 
nations have tended to regard the 1925 
Protocol as a ‘“‘no first use” undertaking, 
even though it is tacit; but the authors of 
No Fire No Thunder, in a chilling chapter, 
point out the utility of CBW in military 
situations. It is almost as if two escalatory 
arms races are fusing, one technologically 
highly advanced, the other in basic CW 
capabilities. 

Though CB weapons are sometimes 
labelled as agents of ‘‘mass destruction’, 
this may be something of a misnomer, a 
point made with great precision in Chapter 
5 of the book, on CBW and military 





scenarios. Chemical weapons were used 
‘‘strategically”’ in both the Sino-Japanese: ` 
war and in Vietnam: Japanese interest in — 
bacteriological warfare was quite purpos 
ful, if one looks ata lecture delivered by Dr 
Enryo Hojo, Uber den Bakterienkrie 
delivered at the Military Medical 
in Berlin in 1941 (see US Nationa 
Microcopy T-82 Roll 90/246588-629) and ; 
subsequent evidence from the experiments 
in the Manchurian prison camps. No Fire 
No Thunder examines in some detail the 
operational scenarios involving quick- 
acting anti-personnel chemical weapons, _ 
the ‘‘mix’’ of conventional and chemical | 
weapons, persistent agents and nerve gases 
— both rapidly clearing and long lasting. It 
is certainly an apt description to label these 
“search and denial weapons’’: they are _ 
area weapons, they are undeniably ‘‘search _ 
weapons” (engaging both hard targets and 
dispersed forces), they afford considerable 
degrees of flexibility for a commander and — 
they can inflict high casualty rates, particu- 
larly when used in surprise attack. ; 
There is, however, the factor of unpre- — 
dictability, whatever the precision of the- 
planning. A recent computer study has 

















contaminated fronts 3/14, 





LUP/ THES 41604 203746 /4-AHVAZ. IRAN: A roe Natione fact-f 
delegation member kneels 3/14 to make photos of an Iraqi c 
‘bomb that failed to explode during an air raid in the southe 
Iran-Iraq border, The delegation aprire 3/13 and went. te 









jan to military casualties would be 20:1. 


While biological weapons are generally dis- 
~~ counted for use on the battlefield —- nerve 


gases act much more quickly — the authors 


ia -of No Fire No Thunder do not ignore the » 


“social repercussions’’ of CBW warfare, 


including the overwhelming of medical ser- 


vices and the breakdown of public order, 
not to mention the appalling consequences 
of the use of biological weapons in sabo- 
tage actions. I do not regard this as scare 
talk: consider the death, havoc and tribula- 
tions brought about with the deliberate 
random poisoning of a patent medicine in 
the United States, a small instance of what 
might come to pass. 

If this were not enough, Chapter 8 out- 
lines further developments in CB weapons, 
with discussion of the military exploitation 
of genetic engineering, bringing with it the 
possibility of ‘‘rampant pathogens and 
large-scale production of both known and 
new toxins’’. According to the authors, the 


. search is on for ‘‘undercover tactical 


agents’’ specifically designed to debilitate 
the opposition. Nor does the work on 
chemical agents stop, with US binary 
munitions including a new agent crossed 
between Sarin and VX, ‘“‘modified soman’? 
(EA5774), and growing interest in civilian 
control agents. 

The authors conclude, not implausibly, 
that both the United States and Soviet 
Union envisage operations in Europe 
which will be chemical as well as nuclear, 
though rational argument would suggest 


. that no appreciable strategic or tactical 


gain can accrue from increasing CW 
arsenals. Yet the burden of Chapter 5 — on 
military scenarios — is that there is appre- 
=: ciable operational advantage to be gained 
- from CW and serious potential in BW for 
sabotage and disruption. The last chapter 
takes the form of an impassioned appeal 
for chemical disarmament, for a ‘‘CW-free 
Europe” propounded by a pan-European 
movement: with Britain ‘ʻa nuclear and 
chemically disarmed country’’, the authors 
go on to admit a need to consider the 


defence of the population against any- 
chemical attack. I should have thought that. 


might be considered. even now, though 
politically it is ruled out if only because it 
raises the whole question of population 
protection, as opposed: to shelter for select 
élites. 


Meanwhile this. timely, coherent and. 
highly informative book should receive 
very wide attention: it is not comfortable. 
reading but itis highly urgent reading, even 
for those who might think themselves. 
informed on (hesubject. o TRE 


John Erickson is Professor of Defence Studies 
at the University of Edinburgh. The Road to 
<o Berlin, Vol. 2:of his work The Russo-German 
= War, was publisher f ast year by Weidenfeld & 
A k k 








dno that’ in any y European < con- ] D 

flict, with 1,000 tons of nerve gas used each | 

-day by both sides, civilian casualties would © 
- be counted in millions and the ratio of civil- 





K.V. Ettinger ond 
J.E. Rimmington 


Nuclear Radiation: Risks and Benefits. 
By Edward Pochin. 
Clarendon: 1983. Pp. 197. £17.50, $32.50. 


... The B vocabulary consisted of words which 
had been deliberately constructed for political 
purposes, that is to say, which not only had in 
every case a political implication, but were 
intended to impose a desirable mental 
attitude. . .. (George Orwell, Nineteen Eighty- 
Four). 


THE complete edition of Newspeak B 
Vocabulary: is not available through the 
book trade and we are not certain whether 
the expression ‘‘radiation protection’ is a 
part of it. But whatever the gestation of this 
term, it served perfectly well to calm the 
minds of Project Manhattan workers, 
who, as we know nowadays, were on many 
occasions exposed to doses of radiation 
which would be unacceptable today. 
Edward Pochin’s Nuclear Radiation: 
Risks and Benefits serves as a reminder that 
a large part of radiation protection is just 
monitoring doses of radiation received by 
individual radiation workers, and that 
“‘protection’”’ is afforded by the legislative 
process which itself is in part a function of 
public sensitivity on the matter. So that the 
reader may arrive at an informed 
comparison between risks and benefits of 
ionizing radiations (not only nuclear, as the 
title implies), the author gives a detailed 
exposition of the techniques of radiation 
measurement as well as an account of the 
amounts of radiation which we receive 
from natural and man-made sources. And 
so that the deleterious effects of radiation 
are understood, there is a good review of 
the relevant parts of radiobiology. The 
counterbalancing of risks and benefits is 
not discussed in quantifiable terms, 
however, simply because such analysis is 
not available as yet; after all ‘‘the quality of 
life’’ is not easily reduced to numbers. 
Instead, in his final chapter Pochin 
provides a careful comparison between 
risks (expressed in number of deaths per 





Nuclear power 


Oxford University Press have issued a major 
reference work in three volumes, Nuclear Power 


Technology: The State of the Industry, which 
(according to the publisher) ` ‘will provide the 


scientist and layman alike with a comprehensive 
and up-to-date reference on all aspects of 
nuclear power’’. 

Editor of the work is Walter Marshall, 
Chairman of the Central Electricity Generating 
Board, and the contributors are all specialists 
drawn from the industry itself. Titles of the 
individual volumes are: Reactor Technology, 
Fuel Cycle and Nuclear Radiation. Price is £35, 
$65 per volume. 








y; ed to ra a 
agents, and also gives the general number 
of fatalities due to accidents. This 
comparison indicates that it is a valuable. 
exercise to analyse avoidable risks in man 
industries and, as a corollary, to get rid of 


‘those technologies and agents which need- 


lessly contribute to the misery, high death 
rate and sickness of people exposed to 
them. Again, however, it extraordinarily 
difficult to weigh the: risks against the 
benefits of these factors in ‘precise terms 
since we are often dealing with a situation 
in which industry benefits financially from 
the technologies it uses — the risks are 
borne by the employees personally and by 
the state fiscally, but how do we compare 
individual risks with community benefits 
or vice versa? 

Be this as it may, and despite the fact that 
Pochin’s tables indicate that radiation 
hazards are not the top priority if resources 
are limited, for many the conclusion to be 
drawn from the book is that positive action 
is needed: a determined effort to reduce 
and even eliminate the use of ionizing 
radiation in all circumstances in which it 
can be replaced by other agents. Recently 
developed analytical techniques, both 
chemical and physical, offer the possibility 
of replacing radioactive tracers by stable 
compounds. Many of the gauges. used in 
industry for measurement of thickness, 
moisture content and so on can be replaced 
by instruments based on other techniques, 
and it is worthwhile examining alternatives 
to industrial radiography. A similar 
approach has already been taken in the 
field of medical applications of radiation 
and radioisotopes. The use of nuclear 
magnetic resonance for tissue imaging is 
making fast progress and the population- 
averaged radiation doses from medical 
radiology, which according to Pochin 








exceed those from radiotherapy, should be 





gradually reduced to the unavoidable” 
minimum. Obviously, the nuclear 
industry, and particularly the nuclear 
power industry, are the cynosure of the 
public eye in this respect, and the subjects 
of a broader debate. 

The book is well and smoothly written, 
with a sense of wry humour, though it sadly 
lacks extra drawings, photographs and 
graphs which could have made the going so 
much easier. Those illustrations which are 
included seem to be the end result of some 


random selection. Nonetheless the book 


can be certainly recommended to those 
who are concerned with the effects of ion- 
izing radiation, whether professionals or 
laymen. They will acquire an excellent 
source of information, impartially 
presented. But it will not serve everybody 
equally well. After all, it was 
Winston Smith who said: ‘‘Ignorance is 
strength’’. G 





K.V. Ettinger and J.E. Rimmington worki in the 
Department of Biomedical Physics and Bio- 
engineering at the University of Aberdeen. 
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_ § natural: vegitation, reptiles and amphibians, mammals, 
-birds and insects, with over 300 species being illustrated 
£42.50 Hardback 832pp with 306 halftones 
& 54 figures 0-226-39332-1 
Paperback £25.50 0-226-39334-8 


Coevolution 
Edited by MATTHEW H. NITECKI 


Within the last two decades coevolution has become 
widely recognised as an important area of research. This 
volume unites nine esays on the subject. Two 
introductory papers are followed by discussions on 
coevolution in plant animal communities; corals and 
corallivores; birds and pines: lice and gophers; the 
evidence of coevolution from the fossil record; and the 
applicability of the coevolutionary model. 

£24.00 Hardback 392pp with 58 figures 0-226 58686 3 

Paperback £13.60 0-226-58687-1 





Critique of Scientific _ 


Reason 


KURT HUBNER 
Translated by Paul R. Dixon, Jr. 
& Hollis M. Dixon 
Upon its German publication, Critique of Scientific 
Reason was hailed as a major philosophical event. Now 
available in English, this book presents a systematic 
critique of the notion that natural science is the sovereign 


domain of truth. Furthermore, Hübner argues that 
positivism has led in our time to a widespred 


disillusionment with science and technology; an attitude 
as dangerous and misleading as its opposite. 
£22.00 Hardback 296 pp 0-226-35708-2 


Darwin And His Critics 
The Reception of Darwin's Theory of 
Evolution by the Scientific 


Community 
DAVID L. HULL 





More than just a book about Darwin and the theory of f |. 
evolution, this is a case study in the publication, $ 
dissemination and acceptance of a scientific theory in the 


nineteenth century. In his introduction, David Hull 


explains the philosophy of science that prevailed in the 


1850s, focusing on what was considered proper scientific 
evidence as weil as what constituted acceptable proof or 
support of a theory. 

£12.75 Paperback 472 pp. 0-226-36046-6 
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ADVANCED ORGANIC CHEMISTRY 
Second Edition: Part A fear 
by Francis A. Carey and Richard J. Sundberg ae 
An updated version of the popular textbook that, Stuart _ 
Warren's review in Nature called “. . . simply a triumph. , 
I'm sure it will prove excellent for second- and third- 
undergraduates, graduates, and lecturers preparin 
courses. ... one of the major books of the decade..." 
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edited by Bruce Turner 
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0-306-41438-4/448 pp. + index/ill./1984 

$59.50 ($71.40 outside US & Canada) 


THE EXPERIENCE OF SCIENCE 


_ An Interdisciplinary Approach 
by Martin Goldstein and Inge Goldstein 


A fascinating exploration of the scientific process and the | 
aesthetic satisfactions of science: a marvelous textbook for _ 
all college students. he 
0-306-41538-0/390 pp. + index/ill./1984 


$22.50 ($27.00 outside US & Canada) 


BIOFUTURE 


by Burke K. Zimmerman Ate 
‘Dr. Zimmerman. draws on his long experience in the | 


laboratory and in international biotechnology to providea | 
bal anced perspective on the startling developments that are ee 
now emerging in the fields of genetic research and cell poo 
biology. | 7 eS 
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Published monthly on behalf ofthe British Pharmacological Society, 
the British Journal of Pharmacology contains original papers submitted 
from all parts of the world making it one of the most respected journals for 
all those professionally involved in the pharmacological sciences. it contains 
up-to-date papers of the highest quality on all aspects of drug action and 
is thus a vital source of information for physiologists, clinicians, 
immunologists, molecular biologists and biochemists as well as 
pharmacologists. 





Published bi-monthly this new journal features the 
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* original papers of a high scientific standard 
on all aspects of human toxicology. | 
embracing both animal research and 
studies with humans 

* short communications 

* invited comment on current 
matters of professional interes? 
* editoriais.on topical 

issues: | 
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testing of drugs, papers will appear on human pharmacology, clinical 
investigation, comparative clinical trials, and epidemiological studies. 
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surveillance. The problems of quality control and analysis of laboratory 
tests will be addressed, and the handling of clinical trial data, The design 
and statistical analysis of clinical studies will also feature. 
Pharmaceutical Medicine will provide invited contributions, reviews, news 
and opinion, A major feature will be abstracts of papers published elsewhere 
giving new means of assessing drugs. 
The Journal will not take an overtly political or commercial position, but 
any matters affecting ways and means of assessing drug efficacy and 
safety, including governmental regulations, will be discussed. 
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in the upper Thames basin 
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A sequence of changing conditions for flooding and alluviation in the upper Thames valley during the Holocene has 
been identified and provisionally dated by the in vestigation of archaeological sites interstratified with alluvium. Archaeologi- a 
cal survey suggests that the changes can be related to clearance and agricultural activity in the catchment area. Er 





MANY river valley bottoms in lowland Britain are characterized 
by Pleistocene terraces of gravels or sands into which are incised 
floodplains covered with Holocene overbank deposits of clays, 
silts and loams. Such alluvial deposits are particularly difficult 
to date unless contemporaneous organic remains are available 
for radiocarbon determinations. 

Although the potential contribution of archaeology in 
elucidating the palaeohydrology of floodplains has long been 
recognized'*, it has seldom been applied systematically. 
However, it is becoming evident that archaeological sites inter- 
stratified with alluvium frequently occur in some British river 
valleys, and the need for a closer relationship between 
archaeology and studies in Holocene palaeohydrology has 
recently been stressed”. Archaeological remains found beneath 
alluvium include settlement sites with the remains of houses and 
spreads of occupation debris, religious monuments such as burial 


mounds and cursuses, other ditch systems and trackways’. These. 


sites can be dated by radiocarbon determinations on organic 


remains and standard archaeological methods using artefact and 


site typologies. The usefulness of archaeological dating should 
not be underestimated: a Bronze Age barrow cannot be 
redeposited while dates based on good artefactual evidence are 
sometimes as accurate as those from radiocarbon determina- 
tions, 3 

™ Apart from the important role of archaeology in the dating 
and interpretation of floodplain deposits themselves, it is one 
of the few means of assessing directly the impact of human 
activity on prehistoric hydrological systems’. 





Despite this, archeological survey of drainage basins has not 


become a standard part of palaeohydrological studies. 


Data collection 


Several lines of evidence were used from various archaeological | 
sites excavated by the Oxford Archaeological Unit. They include- 


alluvial sedimentology, soil development, the degree of organic 
preservation by waterlogging and the ecology of Mollusca in 
both natural and archaeological deposits. The value of the 
different types of data varies between sites, depending on pre- 


servation, topography and the range of archaeological deposits. 


g “Sa result, only some of the sites provide positive evidence for 


“® any particular part of the sequence, while the others either 
present comparable stratigraphy without the dating evidence, 

or lack the relevant deposits but are not otherwise contradictory. 
The location of the sites examined by us and the general 
topography of the upper Thames basin are shown in Fig. 1. Site 
1 is on the lower Windrush floodplain, the others are on the. 


Thames floodplain. Sites 2, 4, 6a, 8 and 9 are on the main 
of the floodplain, but the top of the underlying floodplain: 
varies in height above the river level and these sites | 


__ reworked part of the first Thames terrace and lo 
<< create the undulating gravel surface beneath the m 






‘different thicknesses of alluvium. Sites 1, 5, 6b and 7 are on the 





edge of the first gravel terrace or high areas of the floodplain 
and not all of them have a continuous alluvial covering. Site 3 
is in the top of a silted river channel. Stratigraphical and other _ 
data for the sites are presented in Figs 2, 3 and 4. Figures 2 _ 
and 3 give slightly simplified composite sections, and Fig. 4. 
shows part of the Drayton deposits as observed. Radiocarbon — 


determinations are quoted in uncalibrated years before present . 


(1950), to one standard deviation, using the 5,570-yr half life. 
Some additional information is relevant for the following sites. — 
Site 3: The Bronze Age occupation horizon produced a mollus- 
can fauna characteristic of relatively dry grassland (95% terres- 
trial species with high proportions of Vallonia excentrica and. 
Pupilla muscorum). V. excentrica and P. muscorum were vir- 
tually absent from the alluvium immediately covering this 
horizon, which contained up to 80% aquatic molluscs. 
Site 5: The bottoms of two Bronze Age barrow ditches were 
filled with yellow-brown, almost ungleyed clays and loams with. 
poor organic preservation. Three Iron Age house circle ditches 
of similar depth contained grey gleyed clays and loams with 
waterlogged organic remains at the bottom. One ditch of each 
period is illustrated. a 
Site 6a: Flooding contemporary with the Iron Age occupation _ 
was indicated by riverine aquatic molluscs such as Bithynia 
tentaculata, with their periostraca intact, in small, isolated, peat- 
filled ditches, which would have been too small for these molluscs 
to have survived and bred in them. After abandonment, the 
water table rose to at least the level of the occupation surface, - 
resulting in the survival of organic remains. : | 
Site 6b: Peat containing late Roman pottery accumulated over 
features datable to AD 250-400 on the edge of the first gravel 
terrace, 0.45 m higher than the Iron Age ground surface at Site 
6a on the floodplain. At least some alluvium must have been- 
present on the floodplain for this to have occurred, o o ann 
Site 8: The alluvial clay covering the reedswamp deposit 
interpreted by the excavator as redeposited to form 
causeway", | soda W Suey 
In addition to these sites an exposure has been describe 
SP360084, where in situ alder roots in the floodplain 
of the Windrush beneath alluvium were dated 2,661 
(1-9337)°. Unfortunately, its value is reduced eC 
possible that the roots grew through some or all of the alluvi 


but were only preserved below the water table. 


The Holocene sequence is 
In the late Devensian, minor and rapidly shiftit 













plain”®. There was no significant Holocene rew 
floodplain gravels’ which, together with evidenc 
late Devensian channel at Farmoor”’°, suggests t 
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Fig. 1 The upper Thames basin (information on flooding from Thames Water Authority). 


became restricted to channels eroded to their greatest size before 
or during the early Holocene. Excavations and air photography 
_ indicate a more complex pattern of channels in early post-glacial 
times than survives today, otherwise the channel system has 
remained relatively stable. 
A study of channel development of the River Gipping in 
Suffolk has similarly shown channel movement in the late glacial, 
and channel stability throughout most of the Holocene’’. 
_. Channel instability was attributed to periods of high, short-lived, 
= discharges caused by seasonal snow melt. 
© Except possibly for the lower Windrush, there are no exten- 
sive earlier Holocene organic backswamp deposits beneath the 
mineral sediments of floodplains in the upper Thames basin. 
However, fringing swamps existed in places along the Thames 


and it is possible that the early Iron Age reedswamp at Site 8 


- had a much earlier origin. 

- The relative contribution of alluvium, loess and weathering 
_ products of the gravel to the sediments stratified beneath prehis- 
. toric sites on the floodplain is uncertain, but all probably played 

a part. By the Neolithic, pedological processes seem to have 
©. predominated over alluvial accretion for much of the floodplain, 

and only a thin soil, not necessarily of alluvial origin, covered 

the gravel-on some of these sites. The pre-Iron Age soil of Site 


1 was certainly partly alluvial in origin, but a long period of 


earthworm activity had transported all the shells of aquatic 
Mollusca to the bottom of the profile, above which it was 
_ decalcified. Most of the pre-Iron Age soils are ungleyed and 

non-calcareo t Site 3, the molluscan fauna was of relatively 
iry gra trast to the mixed wet grassland and aquatic 
ristic of the later alluvium here and else- 









rove that flooding without alluviation 
but at Sites 2 and 4, where man-made 
ravel sealing the pre-Iron Age surface of 


the floodplain would have buffered any later phases of decalcifi- 
cation, shells of aquatic molluscs were absent. 

The lack of preserved organic remains or much gleying in 
Neolithic and Bronze Age ditches, in contrast to later ones of 
similar depth, suggests at least a seasonally low water table on 
the floodplain. 


Between the middle to late Bronze Age and the middle Iron — 
Age, by which time good organic preservation and much gleying ™ 


are evident in ditch fills, a rise in the water table of the floodplain 
took place. Sites 1 and 5 provide internal comparisons. Site 6 
produced direct evidence that flooding was occurring by about. 
2,400-2,050 Bp. It is likely that this represents the onset of 
regular seasonal inundation of much of the modern floodplain. 
Alluvial clay, characterized by aquatic molluscs (where pre- 
served), sealed prehistoric deposits at Sites 1, 2, 4, 5, 6 and 8. 
Nowhere was it observed stratified earlier than mid-Iron Age 
deposits but Sites 4 and 6 show that this alluviation was well 
under way in the Roman period. Its accretion may have begun 
in the late Iron Age. Organic preservation at Sites 1 and 6 
suggests a continuing rise in water table after Iron Age occupa- 
tion. Similar evidence at Site 4 shows that the Roman water 
table was much higher than it had been in the late Neolithic. 
-It is uncertain whether alluviation or flooding continued into” 


the early Saxon period. A distinct upper layer of alluvium, 


coarser in texture and containing abundant molluscs, overlay 
the clay alluvium at Sites 4 (post-Roman) and 6a, and less 
definitely, at Sites 8 and 9 (AD 900-1200). ‘Similar deposits 
were observed at Site 7 (post-late Roman) on the edge of the 
first gravel terrace and Site 1- (post-mid Saxon). These deposits 
may represent late Saxon and early medieval alluviation extend- 
ing further than the earlier clay alluvium. Sa 
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The depth of organic preservation in archaeological features > 


shows that the water table on the floodplain remained high to- 
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nplfied composite sections of the alluvial exposures. Site 1, Mingie’s Ditch (SP391059). a, Earthworm-sorted yellow-bro 
sorted mollusc-rich loam. Site 2, Kings Weir“ _(SP476102). a, Red-brown silty loam; b, gleyed clay. Site 3, Ul 
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clay loam (see also Fig. 4). sks 

















resent day, and historical records show that seasonal late well with postulated changes in climate, b 
looding continued throughout the medieval and post-medieval related to differences in land use. —_ we oi 
‘periods’, Alluviation, however, may have decreased from the ‘At is well established that man has considerabl 
late Middle Ages onwards: post-medieval: objects commonly hydrological and alluvial regimes. The replacemen 
¿occur on the floodplain but seem confined to the modern ‘A’ by grassland has the effect of ‘raising groundwate 
horizon. ee | increasing surface run-off and stream flow. Flow té 
T Eo more uneven, increasing the likelihood of flooding 
Possible causes of change ee ot 3 o studies, some in temperate regions, have shown grea 
The Goring Gap provides a base level for the upper Thames, _ sedimentation i lakes and other waterways followi 
thus isolating the region from the effects of sea-level changes: „of woodland, particularly on conversion to arable! 
Although the rise in water table of the. Thames flood west Britain he removal of grassland on hill slope 
between the late Bronze Age and the middle Iron Age occ _ to have increased soil movement by ~400 tim 
ta time when it is considered the English climate was beco ‘tainwater flow and the consequent erosion are rg 

a period of agricu able on ploughed slopes in the region at present 


oler and/or wetter'®"*, this was also a perio 1 slopes in the | 
ansion. The subsequent changes in hydrology do not corre- be expected that technical changes in oraina 
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Me. 3 Simplified « composite sections of the alluvial exposures. Site 5, Port Meadow*” (SP492085). a, Light-brown silty loam; b, gleyed clay. 
Site 6a, Farmoor** (SP443057). a, Yellow sandy silt; b, gleyed clay; c, clay loam. Site 6b, Farmoor (SP443057).a, Gleyed clay. Site 7, 


Claydon Pike ($U190996). a, Loam. Site 8, St Aldates, Oxford’ (SP513057). a, Reedswamp deposit of organic silt; b, gleyed clay; c, gleyed 
: = ~ silty oe Site 7, Blackfriars, Oxford” (SP512057). a, Undated, discontinuous, yellow sandy silt; b, gleyed clay. 


ao junthods: the: winter sowing of cereals’ aa river management 
will affect continuity of flow and thereby sediment trans- 
: portation? : 7 


2 c orrelation with sechmoclogy 

















most to the modern flood flow of the Thames at Goring, ~50% 
being fr from 1 the e otswolds, most of the rest being from the clay 

€ gravel terraces”’. Along with. almost all of the British 
jes valley developed a complete forest 
ocene” and it is lets oy that the 
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Discussion concentrates. on those sub-catchments ec ntributing - 


s We e very opens indeed; for raampie mostly small enclosed 


pollen analysis for a Bronze Age pond:-at. Mount Farm, Dor- 
chester, gave only 4% tree and shrub pollen and suggested a 
landscape predominantly of grassland (J. R. A. Greig, personal 
communication). There was relatively limited Bronze Age 
activity on the Cotswolds; most barrows occur in twos or threes 
rather than in large cemeteries of 20 to 30, as on the gravels*” sae 
Until the late Bronze Age, human activity in the upper Thames 
valley was probably insufficient to have much effect on river 
flow or alluviation. 

Starting in the late Bronze ‘Age hie continuing into the [ron 
Age, there was an increase in clearance and in the importance 
of arable agriculture. The density of: occupation sites « on. the 
Thames Bagi Tose. Sasso in the: Les e e had 












the river. : a 

In the Cotswolds many | hillforts w we e 
have required a. substantial labour 
investment of resources. Nevertheles ; 


„Grain an 
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` to be numerous. Thesë sites may thus be associated with exten- 
sive clearance mainly for pastoralism, with arable possibly 
restricted to the flatter plateaus. The resulting rise in water table 
on the floodplain and the onset of flooding by the middle Iron 
hage would thus not necessarily be accompanied by a significant 
increase in alluviation. 


Unexcavated ie 


Fig. 4 The alluvial sequence at Drayton. 1, Undisturbed gravel; 
cream to yellow sand and gravel. 2, Neolithic ground surface and 
cursus bank; yellow to brown sandy clay loam; largely decalcified. 
3, Filling of Neolithic cursus ditch; yellow-brown somewhat 
gravelly clay silt; slightly gleyed; very poor organic preservation 
at bottom. 4, Alluvium; dark grey clay; heavily gleyed. 5, Upeast 
k from Roman ditch; yellow gravelly clay loam; slightly gleyed. 6, 
< Filling of Roman ditch; dark grey-brown to black highly organic 
silt; good organic preservation. 7, Alluvium; dark grey clay; heavily 
gleyed. 8, Alluvium; pale buff clay loam; slightly gleyed. 9, Present- 
day A horizon: dark grey-brown humic clay loam. 
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Further agricultural intensification possibly began in the. 
Iron Age and certainly continued throughou th 
when the Cotswolds became an area of agricul 
with many Roman villa estates*”*’, On two o 
Ditchley and Shakenoak, granaries have been excavated 
a large ‘Celtic field’ system was laid out in association with 
Barnsley Park villa*°. Other Roman field systems, Roman 
ploughsoils and substantial quantities of burnt cereal remai 
are known from the Cotswolds. This Roman activity would hat 
exposed soils formerly under grass or woodland to erosion on 
an unprecedented scale. Roman agricultural activity remained — 
intense on the gravels and settlement spread onto the clay slopes. 
Alluviation would have been further encouraged by arable 
expansion on the heavier soils and the introduction of ditched | 
drainage and improved ploughs. Taken together, these factors —__ 
provide a good explanation for the flooding and alluviation mo 
the Roman period. hae 

At the end of the Roman period the villa system collapsed”?. Ce 
The forest of Wychwood grew up over some of the abandoned —_ 
Cotswold villas**, but mixed farming continued on the gravels. 

From the mid-Saxon period onwards, an agricultural revival __ 
took place. Analysis of the Domesday survey givesthe Cotswolds _ - 
as the main arable area of the region? and throughout the late 
Saxon and early medieval periods assarting reduced the size of = 
Wychwood. Alluviation was certainly taking place when late 
Saxon/early medieval agriculture was at its zenith. Medieval : 
ridge and furrow cultivation, reflecting deeper ploughing and 
favouring rapid surface run-off, would have encouraged erosion 
and sediment transport. Surviving traces show that it was very 
extensive on the clay slopes”. 

With the decline in population at the Black Death in the. 
second half of the fourteenth. century AD, there was a general 
shift to grassland*’. Much of the clay land was not ploughed 
again until the twentieth century. The wool industry was already ee 
well established in the Cotswolds, and it rose to great promi- 
nence in the late medieval period®™*. Alluviation had declined 
by about the end of the Middle Ages. There was no general 
reversion of agricultural land to woodland, however, and his- 
torical records show that flooding continued!?. eee 


Conclusions 


Flooding and alluviation on the Thames floodplain were Oe. a 
significant throughout the Holocene, but were largely restricted 
to the past 3,000 yr. Furthermore, the degree of flooding and n 
alluviation has not been uniform within this short period: Itis 
clear that human activity in the drainage basin provides an 

entirely adequate explanation for the changes since the early 
Holocene. Any climatic influence may have been completely | 

obscured by the effects of human intervention; It i is evident that 
alluviation was not a necessary accompaniment to flooding, —— 
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Correlation of alluviation and hydrological conditions on the floodplain with human activity in the catchment. 
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-= which is an. important R TE whee dates obtained from 
deposits overlain. by alluvium are used to interpret changes i in 


. . hydrology and land use. In assessing the influence of human 

= activity on erosion and. alluviation, it has been important 

~~ to consider technical changes in agriculture as well as land 
- use. 


The results are of wider relevance than to the Thames Valley 
alone. It is likely that a similar sequence of events, though 
probably not exactly synchronous, could be shown for many 
_ river valleys in lowland Britain’. For example, archaeological 

sites are known. beneath alluvium on the floodplains of the 
< Nene? and Ouse“®, while Shotton attributed a change in 

-sedimentation on the middle Severn floodplain to post-Bronze 
Age arable activity*'. Limbrey has sought more general correla- 
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Transduction and rearrangement of the myc 
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Evidence of myc gene transduction by feline leukaemia virus in several spontaneous lymphoid tumours of cats suggests 
that recombinant viruses carrying oncogenes may be much more involved in oncogenesis in natural conditions than 


a previously recognized. 


E ‘TUMORIGENIC retroviruses can be scnvetientiy subdivided 
_ into the strongly and weakly oncogenic. The strongly oncogenic 


o viruses carry pecific. oncogenes, generally of cellular origin, 
x responsible for 










he transforming function. The weakly oncogenic 
viruses, which gen rally. induce leukaemias, have been thought 
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not to carry oncogenes. Based on this assumption, various expla- 
nations for tumour induction by the weakly oncogenic retro- 
viruses have been put forward. Direct mechanisms that have 
been proposed include the mitogenic | effects of. replicative gene. 
products on a rare target cell; typified by the autostimulation 
model of Weissman and. co-workers’, „and the m itag ni effects 
of viral integration” *, direct mechanisms include. 
immunosuppression or die induction of growth factors’. A a 
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individual tumour, as for most tumours multiple steps appear 
to be necessary for the fully malignant phenotype to be 
expressed®’, = 
Studies of tumours induced experimentally by weakly 
à. Oncogenic avian retroviruses have led to the formulation of the 
~" “model of insertional mutagenesis, in which the virus integrates 
_ adjacent to and activates a cellular oncogene* *. The mechanism 
_ of activation is not fully understood but may involve alterations 
_ in transcriptional regulation or mutagenesis of adjacent. gene 
_ (proto-oncogene) sequences. In some cases that have been 





__ investigated, transcriptional activation has resulted in the gener- 
_ ation of a hybrid mRNA, initiating in the viral long terminal 
_ repeat (LTR) and running into the cellular gene. Alternatively, 
_ Viral integration downstream or in the opposite transcriptional 
_ Orientation from the gene may activate it via enhancer elements _ 


_ in the viral LTR. In the avian system, the c-myc gene is activated 
in bursal lymphomas’, and the c-erb-B gene in erythroblas- 
_ tosis”. 
Feline leukaemia virus (FeLV), like the avian leukosis viruses, 
_ has generally been considered to belong to the class of weakly 
~ oncogenic retroviruses, carrying only replicative genes and no 
specific transforming gene. The majority of spontaneous lym- 
Phoid tumours in the cat are associated with FeLV infection. 
The tumours fall into two major groups; thymic or multicentric 
T-cell lymphosarcomas most of which are virus-positive, and 
_ alimentary lymphosarcomas of B-cell origin, the majority of 
¥ which are virus-negative””'’. In an analysis of FeLV proviruses 
` in tumour DNA, we isolated and characterized a recombinant 
_ FeLV provirus carrying the myc oncogene. Consequently, we 
_ have examined myc gene alterations in 24 lymphoid tumours 
_ occurring in the cat population. Our results have revealed that 
_ out of 12 spontaneous virus-positive thymic lymphosarcomas, 
_ 6 have evidence of myc gene changes. Of these, five have 
| myc-containing proviruses and only one has evidence of integra- 
_ tion adjacent to c-myc. Rearrangement of the c-myc locus was 
_ seen in two out of four experimentally induced tumours... 


_ Cloning of FeLV proviruses 
_ As we thought the site of integration of FeLV may be important, 
it was helpful to identify tumours with only a small number of 
newly acquired (exogenous) proviruses. Most tumours contain 
multiple exogenous proviruses'*"'*. Preliminary examination of 
our tumour series confirmed these results, but identified three 
tumours which appeared to contain only three to five copies of 
exogenous proviruses (T5, 84793 and 90412, see Table 1). The 
„Probe used was the U3 portion of the FeLV LTR (provided by 
“J, Mullins, Harvard University) which detects only exogenous 
~ FeLV proviruses'”, We began cloning of proviruses from tumour 
84793 which showed three U3-hybridizing EcoRI fragments, 
_ all greater than FeLV genomic length (see Fig. 3). From an 
_ EcoRI library of tumour 84793 DNA in bacteriophage A gt. Wes 
_ we selected recombinants using the U3. probe. Eight recom- 





_ binants yielded two unique clones corresponding to two of the. 

' three fragments seen on the original EcoRI digest. The EcoRI — 
inserts were subcloned into the plasmid pAT 153, restriction | 

_ Maps were deduced, and FeLV sequences were mapped by 


hybridization and heteroduplex analyses. | 
One of the clones (CT8), 9.5 kilobases (kb) in length, 
appeared to contain a full length provirus with a restriction map 
typical of exogenous FeLV proviruses!?*'5, while the other 
(CT4) contained approximately 6 kb of FeLV-hybridizing 
, Sequences, corresponding to the 5’ portion of the genome. The 
* distal 3’ portion of the clone was unrelated to any cloned FeLV 
available (see Fig. 1), but detected an apparently single copy 
sequence in normal cat genomic DNA. 


_ A myc-containing provirus 


. with clones representative of a number of oncogenes: abl, 








_ Src, K-ras, Ha-ras, sis, fes, fms, myc, myb, erb-A and erb- 3. 
_ only positive hybridization recorded was that of CT4 with 


a the 





restriction fragments of cat DNA related to the 3’ en 


3 | s >o ments and, in some cases, amplifications of the myc 
_ The proviral clones CT4 and CT8 were tested for homology 





CT4 (Fig. 1). Digestion with appropriate restrictio 


B.’ he indicated that cases T1 1, 84929, F422 and T3 cont 


myc clone. The 5' portion of the v-myc gene contains G+ 


C-rich sequences TY DEL RCOLY CONG 
to many restriction fragments in mammalian DNA?" but we- 
found however, that CT4 hybridized to the 5 Pstl-Sall an 


1617 and hybridizes in! Dw stringency conditions 









the 3’ Sall-Pstl fragments of v-myc whic pond to. 
second and third exons respectively of the 

c-myc genes (see Fig. 1), and not merely to 
sequences contained in exon 2. To confirm that ` 
in CT4 were equivalent to the cat myc gene, we c 









EcoRI fragment) of the pCT4 clone and the 3’ Sall—Pstl frag- 
ment of v-myc. As can be seen from Fig. 2, the probes detect | 
a common set of restriction fragments. These. results indicate | 
that the relatedness of CT4 is to the feline myc gene rather 


_ than some other cross-reactive sequence. 


Analysis of restriction digests of clone pCT4 with probes _ 
specific for exon 2 (v-myc 5’ PstI-Sall) and exon 3 (v-myc 3’ 
Sall-Pst! or c-myc Clal-EcoRI) of c-myc shows that the 
sequences in pCT4 represent a processed form of myc. The | 
pCT4 myc sequences are covalently linked to FeLV sequences _ 
and lack the intron sequences that would be expected in c-myc r 
(Figs 1, 3). Assuming that the structure of feline c-myc proves 


_ to be similar to the chicken and human genes, as it appears to _- 


be from preliminary restriction mapping (Fig. 1), exons 2 and. 
3 of the normal locus are separated by around 1 kb of DNA, 
Furthermore, probes constructed from sequences upstream o 
the FeLV-related portion of pCT4 reveal a different set of - 
restriction fragments in cat DNA, and show no relationship to _ 
the c-myc locus. Mapping of uncloned CT4 flanking sequences - 
in tumour 84793 (Fig. 3) showed conserved restriction Sites 
characteristic of an FeLV LTR (Smal, KpnI) immediately 3° 
to the pCT4 myc sequences (see Fig. 1). The relatively high | 
intensity of the low-molecular weight HindIII, Kpnl, Smal and — 
PstI fragments in 84793 DNA may be explained if additional — 
proviruses are present in this tumour. Unlike the pCT4 clone | 
these may be present at different integration sites in individual - 
tumour cells and hence do not contribute any additional resolved — 
fragment when digestion is performed with an enzyme which | 
cuts only once in the proviral sequence (for example, EcoRI). 
Instead, the additional copies give rise to a background smear 
corresponding to the many different junction fragments gener- 
ated by EcoRI digestion. SAD Ss 
As Fig. 3. shows, probing with U3 confirms that the myc 
sequences are linked to an FeLV LTR when digestion is per- 
formed with KpnI or Smal which cut in the R region between 
U3 and US (refs 12, 14, 15), but digestion with HindIII or Pstl,. 
which also generate internal genomic fragments from the pCT4 
provirus, separates. the myc and U3-hybridizing sequences. — 
Figure 3 also shows that tumour 84793 contains an excess of- 
FeLV proviruses with restriction maps typical of conventional 


- helper-type viruses (see Fig. 1). 


In summary, the results show that tumour 84793 contains _ 
multiple copies of a myc-containing FeLV provirus, structurally 
analogous to MC29 avian myelocytomatosis virus'® only one of 
which is in a clonally-related integration site. The simplest. ` 
interpretation is that tumour 84793 underwent superinfection _ 
after clonal expansion of a cell infected with a myc-containing 
provirus. | Tae 







Transduction of myc by FeLV 


It should be noted that digestion with Kpni, Smal or Pst 
liberates internal genomic fr agments including the myc sequi Be 
boundary restriction sites are in FeLV sequences (se 
Thus, digestion of cat tumour DNA with these e 
probing with myc provides a test for similar recombinar 
Another four independent tumours showed multiple re 













that indicate integrated proviruses of the type chara 


tively, one, two, four and five copies of myc-coöi 
viruses (Fig. 4a). The copy number is estimated 
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Fig. 2 Identity of feline genomic sequences detected by pCT4 
myc-related sequences and MC29 v-myc. Normal cat thymus DNA 
was digested with KpnI, Hindili, EcoRI or Pstl, blotted and 
hybridized with the v-myc Sall-Pst] 3’ fragment or the pCT4 
Pstl~EcoRI 3’ fragment (see Fig. 1). Hybridization conditions were 
as outlined in Fig.1b except that 10% dextran sulphate was 
included and probe concentrations of Sng ml7! were used. Iden- 
tical hybridization conditions were used but the blots were washed 
in 0.1 XSSC at 60°C (a) and in 2xSSC at 60°C for Lh (b), 


single copy-intensity fragments in addition to the normal c-myc 
locus when digestion is performed with an enzyme which fails 
to cut or cuts only once in the provirus (EcoRI, Hindlll in 
some cases). Also, KpnI, Smal and PstI, which have conserved 
sites in myc and/or FeLV LTRs, generate internal genomic 
fragments. Thus, a single abnormal fragment in addition to the 
normal c-myc fragment is detected: after digestion with these 
enzymes. The intensity of hybridization of the novel fragment 
varies according to copy number. In contrast to tumour 84793, 





Virus status Field or experimental 





Positive _ Experimental 


Field T-cell line 


Thymic lymphosarcoma — 


Alimentary lymphosarcoma* 
Thymic lymphosarcoma 


Negative Field 





Alimentary lymphosarcoma 












(—-) Denotes none detected. - 
_ * Alimentary lymphosarcomas in the cat are almost always B« 
+A case in which the primary tumour occurred in the spleen,. 
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Table 1 Alteration of the myc gene in feline leukaemias. 
Source of leukaemic cells 


Thymic lymphosarcoma E 4 TS 


hosarcomat BY 
tic leukaemia 


h immature, immunoblastoid tumour cells. 
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ively clonally integrated myc proviruses. Probi 
tumour DNAs with U3 confirms thi 
myc sequences in these cases (no 
excess of viral copies with restriction m: 
competent FeLV (helper) viruses. In all of the cas 
in Fig. 4, these gave rise to discrete virus—host junction 


the other four cases appear to contain predominantly or exclus- 
























suggesting clonal proviral integration. : 
In each case where we found FeL.V/myc recombinant pr 
viruses, we also detected the normal, unrearranged c-n 
species at apparently normal intensity. If recombination at t 
DNA level with c-myc s a prerequisite for the generatio 
these viruses (see model proposed by Swanstrom and 
were transduced from some cell other than the final tumou 
Further evidence for the viral nature of the novel m ye sequi 
ces came from analysis of the viruses released from the F42 
T11 and T3 cell lines which exhibited encapsidation of myc 
related RNAs (not shown). To demonstrate that these represen- 
ted functional viruses, feline embryo cells were inoculated wit 
culture supernatants from the cell lines or with blood plasma _ 
taken at necropsy. The embryo cells were subsequently grown _ 
to allow virus spread and were collected for DNA extraction, - 
Digestion with KpnI released discrete myc fragments from the | 
proviral structures that were distinguished by electrophoretic _ 
mobility from the c-myc digestion fragments. Analysis of infec- 
ted feline embryo cell DNA showed that in three cases transfer. 
of the myc sequence had taken place (Fig. 45), providing the 
final link establishing the viral nature of the novel myc species. 
in the lymphoid tumour cells. A summary of the cell lines and 
primary. tumours in which myc-containing viruses were dis- 
covered is included in Table 1. | : 


Other myc gene rearrangements 


Of 16 virus-positive tumours examined (see Table 1), 3 showed 
c-myc gene rearrangements. Two of these cases are clearly 
consistent with viral integration around the c- myc locus. Com- = 
parison of Southern blots of tumour and control DNA showed 

a reduction in intensity of the band corresponding to the normal 
c-myc locus in the tumour DNA and the appearance of.a new 















Case no. or code myc involvement 
c-myc rearrangement 
c-myc rearrangement 
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= Q109. == 
F422, myc provirus 
r Tar. ? myc provirus 
FL74 m 
myc provirus 
myc provirus 
-mye provirus. > 
90412 _ c-myc rearrangement 
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i SR 
Hindli Xbal EcoRI Kpni Smal 
Fig. 3 Restriction endonuclease site mapping of myc and FeLV 
LTR hybridizing sequences in tumour 84793. A Southern blot of _ 
DNA from tumour 84793 (T) and a normal cat DNA (C) cut with 
various restriction enzymes was probed with the pCT43' Psti- 
EcoRI fragment which detects exon 3 of the normal c-myc locus 
and, in the tumour DNA, strongly hybridizing low molecular 
weight fragments with Hindlll, Kpnt, Smal or PstI. As discussed 
in the text, we deduce from this blot and the map of pCT4 that 
tumour 84793 contains multiple copies of a recombinant provirus 
and that the high intensity, low molecular weight m yc-hybridizing 
fragments represent the 3’ end of this genome (upper panel). Also, 
the 13.5 kb EcoRI fragment corresponding to clone pCT4 can be 
seen, superimposed on a background smear which presumably 
arises from additional non-clonally integrated copies of the pro- 
virus. These results were confirmed and extended by washing the 
blot and probing with the U3 portion of the FeLV LTR (lower 
panel) which, as expected, detects internal genomic fragments with 
Kpnl or Smal but not with HindIII, EcoRI or Pst]. Examination 
of the Smal digest shows that the recombinant viral genome 
(indicated by the lower arrow) is linked to U3 sequences at its 3 
end and also that the tumour contains an excess of FeLV proviruses 
with a restriction pattern characteristic of non-defective helper- 
type proviruses (upper arrow and see Fig. 1). EcoRI digestion 
reveals discrete bands suggesting clonal integration of two of these 
proviruses and again a background smear suggesting non-clonal 
integration. 


band of equal intensity representing the rearranged locus 
(Fig. 5). 

Cases 90412 and T8 showed rearrangement when digestion 
was performed with HindIII or EcoRI but not with KpnI, Smal 
or PstI (Fig. 5a). This suggests disruption of the c-myc locus 
at, or upstream of exon 2 (see Fig. 1). Since FeLV proviruses 
generally lack EcoRI sites the increase in size of the EcoRI 
fragment is consistent with the integration of a possibly full- 
length FeLV provirus in 90412 and T8. Similarly, all known 
FeLV isolates have at least one internal HindIII site. On this 
basis, the alterations seen in the tumour DNA are again con- 
sistent with FeLV integration adjacent to c-myc (see Fig. 5a). 
In the case of 90412, the low proviral copy number allowed us 


to show that the rearranged EcoRI fragment containing the 


myc sequences also hybridizes to an LTR probe, confirming 
that the rearranged DNA fragment also contains viral sequences 
(Fig. 5b). Tumour T5 has undergone a more complex rearrange- 
ment. In T5, lack of rearrangement of Hindlll and EcoRI 
fragments suggests no alteration in the 5’ end of the gene. 
However, analysis of KpnI or Xbal digests suggests amplifica- 
tion as well as rearrangement of the 3’ end of myc. Unlike the 
cases analysed in Fig. 4, there is no evidence that tumour T5 
contains an FeLV/ myc recombinant virus. The exact nature of 
the myc alteration in T5 will have to be determined after further 
molecular cloning. Viral integration far upstream or downstream 




















of c-myc would not be detected by the probes available to us. 
It is therefore possible that some of the cases in which c-myc 
appears normal have sustained an integration of FeLV close 
enough to affect the gene but far enough away to escape our 
detection. sas 

In contrast to the results with the FeL V-positive tumours, 
examination of eight virus-negative tumours (virus-negative by 
the separate criteria of FeLV isolation from plasma and analysis 
of tumour DNA with U3 probes) showed no obvious rearrange- 
ment of the myc gene. Detected alterations of myc were con- 
fined to one lymphosarcoma of B-cell origin (B1, Table 1) in 
which a large portion of c-myc or possibly the entire locus had 
been amplified twofold. Chromosome duplication would be a 
possible explanation. 

Not all virus-positive feline leukaemias involve obvious re- 
arrangements of the myc gene. It is possible that some other 
oncogene may substitute for myc in this process. Examination 
of proviral integration sites in these cases may identify other 
genes of importance in feline leukaemia. 


Discussion 


Feline leukaemia has been important for our understanding of 
natural viral leukaemogenesis. A striking feature is horizontal 
transmission, shown to occur in Fel. V-induced leukaemia”! ”? 
and now generally acknowledged to be the most important route 
of transmission for those retroviruses that induce disease in their 
host species. It was therefore of interest to examine the role of 
integrated proviruses in Fel. V-associated tumours and to test 
the validity of the model of insertional mutagenesis in this 
host-virus system. 

Our results include a small number of cases in which the feline 
c-myc gene has been rearranged in a manner suggesting adjacent 
proviral integration. However, we find more examples in which 
defective, recombinant FeLV (dFeLV) has incorporated the 
myc sequence. Although only a small number of tumours 
induced experimentally have been obtained so far, two out of 
four cases showed disturbances in the c-myc locus. Our findings 
raise the question of whether naturally occurring avian bursal 
tumours or other retrovirus-associated tumours might also 
involve recombinant viruses rather than, or as well as, the 
integration next to c-myc detected in high incidence in experi- 
mentally derived tumours”. 

The highly pathogenic nature of oncogene-containing viruses 
and their rare isolation have led to the assumption that they 
are not naturally infective’’. The various dFeLV we have detec- 
ted may have been generated de novo in each case. If this is so, 
their somewhat similar restriction maps may reflect common i 
points of recombination between FeLV and c-myc sequences, 
The alternative possibility is that dFeLV is transmitted among 
cats and the common features of their restriction maps reflect 
a common origin for the viruses. Of the five cases in which we 
detected dFeLV, one was a cell line isolated in Cornell in 
1969 (ref. 24), while the others came from local sources. These 
sources were separated spatially and temporally. If horizontal 
transmission does occur, it must operate over a wide area and 
may not result in rapid induction of disease. 

The clonal integration pattern of the dFeLV and FeLV pro- 
viruses in our tumour series contrasts with the high percentage 
of nonclonal integration of FeLV found previously by Casey 
and co-workers'”. The differences between our observations 
may be accounted for by the high percentage of cases of alimen- 
tary lymphosarcoma examined by Casey and co-workers. Our 
series contained only one such case and it too showed a non- 
clonal integration pattern. In contrast, all of the T-cell tumour 
DNA we examined contained some clonal integrated viruses as 
indicated by the discrete junction fragments detected with the 
U3 probe. This may indicate an important difference in the 
relationship of FeLV to the different tumour types. The absence 
of clonal integration suggests either that the virus has induced 
a polyclonal disease or that its role in tumour induction has 
been indirect, with clonal expansion of the tumour cells preced- 
ing viral infection. An important question is the biological 
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Fig. 4 a, Recombinant viruses in five independent tumours. 
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Four tumours show novel myc fragments similar to those seen in tumour 84793, bounded b 7 
common FeLV LTR and internal restriction sites suggesting the presence of clonally integrated 
myc-containing proviruses at one (T11), two (84929), four (F422) and five (T3) copies per 
cell. Digestion with enzymes which fail to cut or cut only once within the putative provirus 
(EcoRI, HindIll in some cases) yield different fragments for each copy, while LTR cutters 
(KpnI, Smal, Pstl) yield common fragments from each integrated copy. Probing with the 5 
end of v-myc (not shown) confirms that the 
the myc gene. Restriction enzyme abbreviations: 
P, Pstl. b, Virus-mediated transfer of myc sequences. Feline embryo cells (FEA) were infected 
with virus-containing fluids from a variety of sources. In the cases of F422, T3 and T11 cultured 

-lymphocytic cells were used for fresh virus collections (TCS). FL74 is another T-lymphocytic 
tumour cell line which releases FeLV but in which we detected no myc alteration. For cases 
84793 and 84929 no cultured cells were available and virus isolation was attempted from 
plasma collected at necropsy. 
allow virus spread before collection and extraction 
transformation was seen. Cell DNA was 
pCT4 Pstl-EceR] 3’ fragment (Fig. 2). 
hybridizing fragments in the infected cells 


Single restriction fragments are seen with HindIII, EcoRI, Kpnl or PstI, while Smal, which 
cuts infrequently, shows a poorly resolved high molecular weight fragment. The probe used 
was the pCT4 3’ Pstl~EcoRI fragment and hybridization conditions were as outlined for Fig. 2, 


novel fragments represent a processed form of 
H, Hindli; E, EcoRI; K, Kpni; S, Smal; 


The embryo cells were subcultured and grown for 3 weeks to 
of DNA. At this stage, no morphological 
digested with KpnI and the blot was probed with 
As can be seen by comparison with a, the novel myc 
correspond in size to those seen in the source 


tumours. Three of the tested sources provided successful transfer of proviral myc sequences. 





Fig.5 Rearrangements of c-myc in r-—— TB i 
independent feline leukaemias, i 
a, Tumour DNAs and control non- a OE E O ST 


tumour tissue (kidney) DNAs were 
digested with restriction enzymes 
and probed with the pCT4 PstI- 
EcoRI 3’ fragment (Fig. 1). 
Hybridization and washing condi- 
tions were as in Fig. 2, right panel. 
Tumour DNA is denoted by T, con- 
trol tissue (kidney) by C. Tumours 
T8 and 90412 showed myc re- 
arrangements with Hindili or 
EcoRI. Based on preliminary map- 
ping of the feline c-myc locus, these 
alterations are consistent with 
integration of proviral information 
upstream of exon 2 in the cases of 
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T8 and 90412. Tumour T5 has sustained a more complex alteration in which two or three new m yc hybridizing Kpnl fragments are resolved, 


Digestion with Xbal, however, shows a single novel fragment, larger than the normal c-myc species, and an increase in the intensity of the 





normal sized fragment. b, The coincidence of LTR (U3) and rearranged myc-hybridizing sequences in shown in tumour 90412. An EcoRI 
digest of tumour 90412 was probed with U3, the blot was washed and reprobed with pCT4 Pstl-EcoRI 3’ fragment. The common myc and 
U3 hybridizing fragment is indicated by arrows, The high exogenous proviral copy number in T8 prevented a similar analysis. 







F activity of the various dFeLV that we have identified. Infection 
of feline embryo cells has so far resulted in no obvious morpho- 
logical transformation, in contrast to the effects of MC29 v-myc 
(ref. 25). Low expression or target cell specificity may explain 
our results. We are currently investigating transformation of ity, but extensive testing of 10 of the tumours in the NIH 
bone marrow or thymic lymphocytes in vitro and are clonit ig. transformation assay has so far failed to show transfer of an 
the various dFeLV for further in vitro transformation studies. activated feline oncogene. * 

Recent studies show that thymotropism and other target cell it has been Suggested that virus-negative cases of feli 
specificities can be carried by the 3' end of MuLV, presumably leukaemia might be induced by FeLV by a ‘hit-and-run’ mech 
the U3 region of the LTR (refs 26, 27). In view of results with ism”. Although we found no comparable mye alte: 


avian bursal lymphoma, where activation of c- myc and another 
oncogene, Blym, appear as discrete steps in the induction of 
this disease***?, it might be asked whether another gene is 
activated in feline leukaemias. We are investigating this possibi 




































eight virus-negative leukaemias, i 
occurred in regions outside the domain analysed in this study. 
Further experiments are required to investigate the possible 

role of FeLV in these cases. 7 

Involvement of the myc gene in feline T-cell leukaemias casts 
further doubt on the tissue specificity of the myc oncogene. 


< Previous reports of c-myc rearrangements have been restricted 


-to B-cell leukaemias, mediated by viral integration in the case 
of avian bursal lymphomas and by translocation in mouse plas- 
O macytomas?!~** and human Burkitt’s lymphomas**”°. Viruses 
containing the v-myc gene induce a wide variety of tumours in 
birds including myeloid leukaemias, carcinomas and sarcomas’. 
However, recent studies with recombinant viruses derived from 
MC29 show that viruses can be selected which cause pre- 
dominantly lymphoid tumours. These tumours are also induced 
in bursectomized birds and the tumour cells carry T- or B-cell 
markers?®. Our results extend these findings and are the first 
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‘The most surprising feature of our study is the high incidence 


feline myc-containing viruses have been found by independent _ 
investigators working with FeLV (refs 37, 38). The established 
view would be that such viruses are generated only rarely and 
have a numerically insignificant role in naturally occurring 
tumours?2"”. Our findings challenge these assumptions and 
should provoke further examination of other virus-associated 
leukaemias such as those of wild mice (MuLV), cattle (BLV) 
and man (HTLV). 
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Specific interaction between the self-splicing RNA 


of Tetrahymena and its guanosine substrate: 


implications for biological catalysis by RNA 
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Splicing of the ribosomal RNA precursor of Tetrahymena has previously been shown to require no protein in vitro; the 


cleavage-ligation activity is intrinsic to the RNA molecule. 


substrate in the reaction, and with several guanosine analogues suggests that guanosine bi 


Analysis of the reaction kinetics with guanosine, which is a 


w 


nds to a specific site on the 


= pre-tRNA. It appears that the RNA, like an enzyme, binds its substrate to promote the rate and specificity of a biological 


reaction. 
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to be seen akee the RNA is directly involved in the active 
site of any of these. ribonucleoprotein enzymes. 

The rRNA precursor (pre-rRNA) of Tetrahymena oe 
phila is an extr example of a reactive RNA molecule, 

no proteins being required for the cutting and ligation reactions 
“that remove th intervening sequence from the pre-rRNA to 
“take place in vitro*. The reaction requires a micromolar amount 
of a guanosine ‘molecule, which is covalently linked to the 5 
end of the intervening sequence (IVS) RNA during its excision”. 
After splicing, the excised IVS RNA circularizes itself in another 
cleavage-ligation reaction’®. The circular molecule retains the 
cleavage-ligation activity, as evidenced by its ability to undergo 
specific reopening and reverse reactions (A. Zaug, J. Kent, 
F. Sullivan and T.C., manuscripts in preparation). 

The self-splicing 1 thermophila pre-rRNA thus has distinct 
enzyme-like properties’. It is able to lower the activation energy 
for cleavage-ligation reactions at precise sites along the RNA; 
only 2 of the 6,400 phosphodiester bonds in the pre-rRNA 
undergo cleavage-ligation during the splicing reaction. Its 
activity depends on a precise structure. It also seems likely that 
the pre-rRNA molecule has an active site which excludes water 
molecules and thereby prevents hydrolysis whilst allowing 
transesterification'*. Evidence is presented here that the pre- 
rRNA molecule is highly specific for its guanosine substrate. 
Furthermore, an analysis of the reaction kinetics indicates that 
the binding of guanosine to a specific site on the pre-rRNA 





y facilitates the splicing reaction. 


Pre-rRNAs react intramolecularly 


Splicing of the pre-rRNA in vitro requires three factors: a 
monovalent cation, a divalent cation (Mg** or Mn**) and the 
guanosine substrate. In all assays the production of IVS with 
time (d[T'VS]/dt) was measured in a standard splicing solution 
at constant pH, temperature, salt concentration and Mg** con- 
centration. The concentration of either the unspliced rRNA 
precursor or the guanosine substrate was varied to determine 
how the reaction rate depended on these two factors. The IVS 
excision assay is a direct measure of two cleavages and. one 
ligation—the addition of the guanosine. It has recently been 
shown by dideoxynucleotide sequencing that precise ligation of 
the exons accompanies IVS excision'*. We therefore expect that 
the rate of IVS excision is a reasonable measure of the rate of 
the entire splicing reaction. 

At constant guanosine concentration the rate of IVS excision 
was first order with respect to pre-rRNA concentration (Fig. 
1). Since [G] > [pre-rRNA], the reaction can be described by a 
PMseudo-first order rate equation in which the pseudo-first order 
rate constant, ka, is dependent on the concentration of 
guanosine: 





v: = dITVS]/dt = kops({IVS].co~[IVS],) (1) 


where [IVS]. = [pre-rRNA]p. At time zero, before any IVS has 
been excised, we have: 


o> Kops TVS |. = Kopel pre-FRNA Jo (2) 


Figure 1c shows that pseudo-first order kinetics were maintained 
over a 40-fold variation of pre-rRNA concentration. The kots 
for the six points was 0.59 +0.05 min™! (mean +s.d.). 

If the pre-rRNA participated in the splicing of other pre- 
rRNA molecules, the reaction would be expected to be second 
order with respect to [pre-rRNA]. Similarly, if any of the RNA 
_ products of splicing served as diffusible splicing factors, the 


“preaction would be greater than first order. The observed first 


= order dependence is most easily interpreted as an indication 
that each pre-rRNA acts intramolecularly to lower the activation 
energy for its own splicing. 


Evidence for a guanosine binding site 


To determine the dependence of the rate of IVS excision non 
the concentration of guanosine, koss was determined from semi- 
a logarithmic plots (see Fig. 1 legend) for guanosine concentra- 


= tions ranging from 0.1 to 200 M (Fig. 2). As shown in Fig, 2c, 


base, in particular the six-membered ring, is responsible fo 
-binding the nucleoside to a site on the pre-rRNA. Specifical 
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there is a hyperbolic relationship between Kons and [G]. At low 
[G] the rate of splicing is first order with respect to [G], while’ G 
at high [G] the reaction rate becomes independent of [G] haid 7 
approaches a limiting velocity. Sa ae 
The reaction kinetics exemplified in Fig. 2 are typical- of 
enzyme-catalysed reactions. Such kinetics are most easily — 
explained in terms of an enzyme-substrate complex or, in this- 
case, a pre-rRNA-guanosine complex. According to such an _ 
interpretation, the splicing reaction reaches a limiting velocity — 
(Vmax) at high [G] because a guanosine binding site on the — 
pre-rRNA has been saturated. However, such a kinetic analysis = 
does not prove the existence of a binding site. ‘ 
To determine the specificity of the pre-rRNA for its guanosine | 
substrate, the ability of various guanosine analogues to promote ~ 











_ the excision of the IVS in the standard splicing reaction condi- 


tions was investigated. The amount of IVS produced with each 
analogue was compared with the amount produced with the 
same concentration of guanosine. The results of these experi- 
ments are summarized in Fig. 3. 

The analogues fall into three categories: (1) those that do not 
promote IVS excision; (2) those that do promote IVS excision... 
but are required at‘a higher concentration than guanosine; and — 
(3) those that are active at the same concentration as guanosine. 
Compounds i in these three categories are denoted in Fig. 3 as. 

, + and + +, respectively. i 

Nucleosides modified at the 2'- or 3’-hydroxyl of the ribose ` 
sugar were inactive in splicing. Substitution at the 5'-hydroxyl, 
farther away from the reaction site, produced analogues that 
were as effective as guanosine in splicing. Similarly, modifications 
on the imidazole ring did not affect the amount of IVS excised. 
Modification. or removal of any of the exocyclic substituents of 
the six-membered ring was found to decrease splicing activity. 
For example, there was no splicing with isoguanosine, which 
has the carbonyl and amino groups of guanosine interchanged, 
xanthosine, which has the amino group replaced by a carbonyl 
group, or purine ribonucleoside, which has no exocyclic sub- 
stituents. Other modifications, such as monomethylation or 
elimination of the amino group, generated analogues that were 
competent in splicing, but were required at higher concentra- 
tions than guanosine. 

Splicing presumably involves a nucleophilic attack of the 
3'- -hydroxyl of guanosine on the phosphate of the 5’ splice sitet”. 
Thus, it is not surprising that modifications of the 3'-hydroxy! 
that decrease the nucleophilicity of the oxygen eliminate splicing. 
The inactivity of xyloguanosine suggests that the orientation of 
the 3’-hydroxyl is also critical. 

The absence. of splicing when the 2’- -hydroxyl is modified 
could be explained in several ways.. First, the proximity of the 
2’-hydroxyl to the reaction site means that the 2’-hydroxyl could © 
have electronic effects that would enhance reactivity of the. 
3’-hydroxyl.. For example, the pK, of ribose is lower than the — 
pK, of deoxyribose'*. Second, the 2’-hydroxyl could be involved © 
in non-covalent binding of guanosine to the RNA, helping to. 
position it for reaction at its 3'-hydroxyl. It seems unlikely, — 
however, that loss of a single hydrogen bond or van der Waals- 
interaction could change the binding constant enough to elimi- 
nate splicing completely. Finally; the 2'-hydroxyl could: form i 3 
covalent bond in an intermediate step of the splicing react 
While such direct participation of the 2’-hydroxyl is commo ae 
in RNA cleavage reactions, all known mechanisms result in 
RNA chains with phosphates at their 3’ end!?. Cleavage of the 
pre-rRNA leaves the phosphate at the 5’ end?®, so if the. Ya 
hydroxyl i is directly involved in rRNA splicing, a novel mechan- a 
ism must be involved. ie 

Modifications on the guanine base moiety would not ia expec- ae 
ted to directly influence the reactivity of the 3'- -hydroxyl. The 
results with these analogues therefore. suggest that the guanin 
















the results suggest that optimum binding is achieved w 
hydrogen bond acceptor at C-6 and a substituent cap 
donating two hydrogen bonds at C-2. The results with 
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Fig. 1 Splicing velocity is first order with respect to the concentration of pre-rRNA. a, Pre-rRNA was 
incubated in splicing conditions for various lengths of time, separated by gel electrophoresis and detected 
by autoradiography. As a sample of the data, the 2-min points are shown at four pre-rRNA concentrations 
(1X is 28.5 pM). C, pre-rRNA (1X) incubated without guanosine for 30 min. b, F, the fraction of the 
IVS RNA that remained as part of the pre-rRNA, is determined as ({[VS]..~[IVS],)/(IVSl.o, where 
[IVS]. is the maximum amount of IVS RNA that can be excised (determined from a 30-min reaction) 
and [IVS], is the amount excised at time t. Integration of equation (1) gives In F =~ky.t. Therefore, 
the graph shown here has a slope =—k,,,/2.303. Although a Koss value was determined for each 
concentration of pre-rRNA separately, the line shown is a least squares fit to all data, constrained to 
pass through (0, 1). In other experiments it was found that the same values of Kons were obtained in 
initial velocity conditions (<5% reaction). O, 28.5 pM pre-rRNA; A, 57 pM pre-rRNA; (1, 285 pM 
pre-rRNA; ©, 1,125 pM pre-rRNA. c, The initial velocity of IVS excision, calculated according to 
equation (2), increases as the first power of the concentration. of pre-rRNA. 

Methods: Pre-rRNA was transcribed in vitro in isolated Tetrahymena nuclei at low monovalent cation 
concentration to inhibit splicing’. The RNA transcripts were labelled by including [@-**P]GTP in the 
transcription mixture. RNA was purified by SDS-phenol extraction and ethanol precipitation, followed 
by sedimentation through formamide-sucrose gradients’. The RNA sedimenting at > 16S was collected 
by ethanol precipitation and used as the pre-rRNA. Portions of the pre-rRNA (5 ul) were preincubated 
for 10 min at 30°C. The splicing reaction was started by the addition of an equal volume of similarly 
preincubated 0.40 mM guanosine in water. The final composition of the 10 pl solution was 100 mM 
(NH,),SO,, 5 mM MgCh, 0.2 mM guanosine, 30 mM Tris-HCI, pH 7.5. Reactions were stopped by the 
addition of 2 ul of 100 mM EDTA; they were then ethanol precipitated, washed once with 1 part 50mM 
NaC,H,0,, 10 mM Tris-HCl, pH 7.5: 2 parts ethanol and dried under vacuum. Reaction products were 
electrophoresed at 200 V for 2h in a 4% polyacrylamide, 8M urea gel” to separate the IVS from 
pre-rRNA. Each gel was dried and subjected to autoradiography. Densitometry of the X-ray film was 
performed at 480 nm with the gel scanner accessory of a Cary 219 spectrophotometer. Several exposures 
were obtained to insure that all bands were within the linear range of the film. A Spectra-Physics 
Minigrator was connected to the spectrophotometer so that integration of peak areas was simultaneous 
with film scanning. The area of the pre-rRNA peak was used to correct for differences in amount of 
sample loaded per lane. The area of the IVS RNA peak was considered to be directly proportional to 
[IVS]. Two control lanes were included on each gel. Lane C was loaded with a reaction which had been 
started with HO instead of guanosine and incubated for 30 min. The absence of IVS in this lane verified 


that there was no IVS in the pre-rRNA at 1 = 0, and that there was no guanosine-independent excision. 
of IVS during incubation. The second control lane contained the products of a splicing reaction which 


was allowed to go to completion (200 uM guanosine, 30 min) thereby providing a value for [IVS]... 
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-guanosine are consistent with another hydrogen bond donor at 
wever, splicing is very inefficient with 1-methyl- 








= invo 


antitative kinetic parameters, it is 


tic mechanism. The specificity for 


guanosine and the hyperbolic relationship between koss and [G] 
led us to suggest that the pre-rRNA has a binding site for 
guanosine, and that a pre-rRNA~G complex contributes to the 
self-splicing activity. A reaction mechanism that involves forma-. 
tion of such a complex and that is consistent with the kinetic 
data can be described with three rate constants: 







A ae 5 
pre-rRNA+G — pre-rRNA-G a5 G-IVS+rRNA 


A steady-state assumption for ; [pre-tRNA G] leads to. e 

Michaelis-Menten equation: ee 
yt. 

in which Vinay = ka [pre-rRNA], and. Tbe 


refer to guanosine or any other splicing- 
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graphs, is plotted against [G]. Inset includes kows at 200uM of equation (3), if it is assumed that ki& kg, 
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Equation (3) outlines the simple 
Ee involves pre-rRNA- guanosine comp 
| -pre-rRNA _ the Michaelis-Menten rate law. H 
greater complexity, but that still involve a pi 
plex, could also give the observed kinetics. 

values of K,, and Vmax would not change bt 

would be defined by a different combination of ra 

| _ and concentrations. SO 

i 7 Two of the splicing-competent guanosine analog 
w3 i (I) and 2-aminopurine ribonucleoside (2APr), wet 






were 
to a more extensive kinetic analysis. As with guan 
bolic relationship between Kons and substrate conc 
obtained. Lineweaver-Burk plots for three splic 
are shown in Fig. 4, and the kinetic parameters obtained are 
listed in Table 1. Although the K,, values for I and 2APr are _ 
S approximately 100-fold higher than the Km for guanosine, the _ 

i ` O1uM 4 ka (kon) values are the same within experimental error, = 
0.8 

N 








o—— 0,5 uM | Therefore; it appears that the pre-rRNA discriminates among _ 
the various nucleoside substrates according to their free energies _ 

nO ) QO | | aM of binding. The substrates that bind the best have the lowest 
values of K,,. Once the nucleoside is bound to the RNA, its _ 

A we reactivity is independent of its base moiety, as evidenced by the 


0.4 i r 2 uM equivalent values of Vmax seen for G, I and 2APr. 


As a further test for the binding site model, several analogues: 

‘3 eM were assayed for activity as competitive inhibitors, No inhibition 

0 : of splicing was observed, however, with 2’-dGTP, 2',3'-ddGTP, _ 
xyloguanosine, araguanosine or 2'-O-methyiguanosine present : 

at a 500-fold excess of analogue to guanosine. In addition, no 

: inhibition was seen when 3’-O-methylguanosine was present at 

OIP 2004M 304M 154M a 200-fold excess. Thus, if these compounds bind to the site at 
Sash ananasas saaa 2 all, they have very low affinity in the standard temperature and 
i. Ap 0 a buffer conditions. These results could indicate that the binding _ 
cay site has strict requirements in the vicinity of the 2’- and 3- 
hydroxyls. ee 

Although no competitive inhibitor was found, a mixed sub- 
strate experiment demonstrated that two substrates can compete 
for the binding site. Samples of *H-labelled pre-rRNA were 
incubated with 0.005 mM of a **P-labelled guanosine compound 
in the presence or absence of a second nucleoside which was _ 
unlabelled. By monitoring the generation of °*P-end labelled _ 
IVS it was possible to measure splicing which involved the 
guanosine compound separately from that which involved the — 
additional substrate. As shown in Fig. 4c, there was little orno 
inhibition by adenosine at a concentration of 3.5mM. Thus 
adenosine, which is not a splicing substrate, is also notacompeti- _ 
tive inhibitor. In the presence of 3.5 mM inosine, the initial rate 
of *P-IVS RNA production was reduced by 53%. This value. 
agrees well with that predicted if the reaction followed competi- 


Competitive inhibition studies 





tive inhibition kinetics. For competitive inhibition: 



















1+AAK +S Ka 


+ 


where I and K; refer to the inhibitor and its Km an 
refer to the substrate and its K,,. Based on this e 
the Km values we have determined, a 50% inhibitic 
predicted at the concentrations of substrate (guanosine co 
pound) and inhibitor (inosine) used. A similar experiment 
[G] (aM) performed with 0.005 mM **P-GTP and 10.4 mM inosine; 75 
| inhibition was predicted and 78% inhibition was observed (da 
Fig. 2 A hyperbolic relationship exists between kos and [G]. a, not shown). 2S 
Pre-rRNA was incubated in splicing conditions and analysed as in eR ae O 
Fig. la, except [G]=5 uM. œ, Pre-rRNA ‘incubated at [G]=. Guanosine binding ‘site 
200 uM for 30 min to ensure complete splicing. b, Semilog plot of, sadel far tha anaa and : E ees 
data from a, and similar data for reactions at different [GEE A moda ; for the me oie binding site on the p 
rP A: : Ne BO RENE A 18 OAAS - — presented in Fig. 5. The proposal that there are fou 
0.1 M; O, 0.5 pM; W, 1 uM; C, 2 pM; A, SM: A, 15 pM; E a wets 5 i N O 
30 pM; ©, 200 uM. Lines are least-squares fits constrained to: > bonds between guanosine and the pre-rRNA is der 
consideration of the kinetic data. According to the. 


Fractional inhibition, i= 






























through (0,1). ¢, Koss calculated from the slope of the semi } 


guanosine. = approximately equal to the dissociation constan 






















p. ciivity Ot guanosine- 
inalogues. —, table excision 6-Thioguanosine 
of IVS RNA; +, excision of IVS Purine ribonucleoside n 
RNA required a substantially higher lsoguanosine 4 


~*~ concentration of the analogue than 
- of guanosine; ++, excision of TVS 
~ RNA occurred. at concentrations 
< -similar to those of guanosine. 
=o Methods: Splicing reactions were — 
-= performed for 15 min as described in 
C. Fig. 1 legend, except that guanosine 
- analogues were substituted for 
. for IVS excision activity at a con- 
centration of either 100M or GTP ia 


7~Methylguanosine + + 


8-Azide-GTP ++ 





4-Methylguanosine + 





| 200 pM and compared with an iden- GDP + + e—a CH OH iWon o 
tical concentration of guanosine. 2 | SOR Reus 4 
After electrophoresis the amount of GMP ++ O “Ss N ~My Senne ie, 
IVS produced was qualitatively com- H H AA in 
pared. If the analogue did not show H H eee ee SS 
splicing activity at 100-200 pM, it BEN i 
was tested at 1 mM. If there was no OH OH eee 


activity. (<0.1% of the activity of 
guanosine) at 1 mM, it was desig- 
‘nated =. Analogues that produced 
IVS RNA at 100-200 M were 
“purified to ensure contaminating 
-guanosine was not present and then 
retested. Purification was accom- 
plished by reversed-phase HPLC 
using a pBondapak C,, column. For 
7-methylguanosine,. inosine, xan- 


3'~GMP 


/ 


2', 3~ddGTP 


7-0- Methylguanosine ~ 
Xyloguanosine 


Additional analogues tested 
Guanine - 





= 2,3 -ddGTP ~ 
~ 2° -dGTP ~ 
2-0- Methylguanosine =~ 


m Araguanosine 


thosine, uridine, 1-methylguanosine and xyloguanosine, elution was isocratic with 5% acetonitrile in 0.1 M triethylammonium acetate, pH 
7.0 at a flow rate of 2m! min (ref. 36). For 2-aminopurine ribonucleoside, N*-methylguanosine and 6-thioguanosine, elution was by linear 
gradient from 0.02 M KH2PO,, pH 5.5 to 60% methanol in water in 87 min at a flow rate of 1 ml min”! (ref. 37). | 


energy of binding can then be calculated for each substrate using 
the relationship AG=—RTiInK,, where K,=1/Ky. For 
_: guanosine binding AG = —6.5 + 1.2 kcal mol`’, for inosine bind- 
ing AG =—3,6+0.9 kcal mol” and for 2APr binding AG = 
3,740.8 kcal mol™'. In addition to hydrogen bonding, other 
interactions, such as base stacking, van der Waals contacts and 
-solvent interactions, could affect the free energy of binding. To 


a first approximation, however, the difference in binding free 


-: energy that occurs when guanosine is replaced by inosine 
(AAG = 2.9 kcal mol™') can be attributed to the loss of interac- 


© tions with the amino group. Similarly, the difference between 


~ guanosine and 2APr (AAG = 2.8 kcal mol‘) can be attributed 
~ to the carbonyl group and the proton on N-1. The data are 
therefore consistent with four hydrogen bonds (Fig. 5). Inosine 
and 2APr would each bind to the pre-rRNA with two hydrogen 

< ponds. The average free energy per hydrogen bond, 1.4 kcal- 
mol}, is well within the expected range. Such an analysis in no 


way excludes the possibility of additional binding interactions. 
For example, base stacking could be very important, but if it 
stabilized the binding of two nucleosides to similar extents, it 
would make no contribution to AAG, 

It is not difficult to envision how. a nucleoside binding site 
could accelerate the reaction. A binding site can increase the 
effective concentration of reactants to approximate an 
intramolecular reaction. More specifically, precise positioning 
of the 3'-hydroxyl group of guanosine in proximity to the 
phosphate at the splice site could facilitate the first transesterifi- 
cation reaction required for rRNA splicing. Future work will 
be directed toward locating the guanosine binding site in the 
structure of the folded RNA molecule. 


RNA as a biological catalyst 


In Table 1, the kinetic parameters for the Tetrahymena pre- 
rRNA are compared with those of a number of other biological 





Table 1 Kinetic parameters of pre-rRNA self-splicing and selected enzyme-catalysed reactions 





| Biological catalyst Substrate K,, (mM) ka (mint) Kear! Km (M7! min’) 
- Pre-rRNA. Guanosine 0.021 + 0.004 0.52+0.15 24.8 x 10° 
De y Inosine 2.8+0.7 0.3540.03 0.13 10° 

eee gH a 2APr 2.2£0.5 0.34+0.04 0.18 10° 
Pancreatic RNase — Cpc 4.0* 14,400* 3,600 x 10° 
eee ey C>p 3.04 3304 110 10° 
RNase T, = GpA 0.055 5.760 104.7x 10° 

=- RNaseP Pre-tRNA‘” 107° 2~4 200-400 x 10° 
T, RNA ligase ATP 0.00024 s a 
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Fig. 4 Kinetics of splicing with (a). guanosine and (b)i inosine (M) o 
and 2 APr (A) are expressed in the form of Lineweaver-Burk 
plots. [pre-rRNA h = 200 pM. The molecular structure of each | 
_ analogue is shown. R, ribose. The graph for guanosine from. a is 
extrapolated in b (dashed line). c, The velocity of [a-"°P]G- 
labelled IVS production is inhibited by inosine. *H- Pr : 
incubated in ‘splicing conditions in the 
unlabelled inosine or adenosine. All : react 
concentration of a labelled guanosin 
[a-**P]GTP to give a total concentration | 
kinetics were analysed as in Figs 1b and 2b. @, N 
nucleoside; ©, 3.5 mM adenosine; B, 3: 5 mM i inosine. 














¿ catalysts that cleave or ligate RNA. Pre-rRNA splicing, like an 
nzyme-catalysed reaction, occurs at a far higher rate than the 
comparable non-enzymatic reaction, even at very low substrate 
concentrations. In fact, in the condition is at th -TRNA 


cal temperatures) RNA i is very ‘stable. ’ 
a "10" mint el bond in RNA i at viata 





‘splicing reaction is 10*-fold faster than this ligation and speci 
e ¢ally forms a 
-00 . bonds have be T AOUN spe 
“certain activated monor cleosides are used™® 





Fig. 5 A model tor the nucleoside binding si site on ihe eme RNA 

The model is consistent with the kinetic.and analogue data. The # . o 
proposed hydrogen bonds (dotted lines) could involve one or two 
adjacent nucleotides of the RNA or, at the other extreme, four 
different nucleotides in very different regions of the RNA chain __ 
which are brought into close proximity by the RNA secondary and 
tertiary structure. In addition to the bases of the RNA, sugars and 
phosphates could be involved in hydrogen bonding. Also shown ~~ 
is a nucleophilic attack by the 3’ oxygen at the phosphate of the- 

5’ splice site. The resulting transesterification has been proposed 

to be the first step. of the splicing reaction ™®, 


of 1.33+0.38 min at. maximum velocity. The rate of RNA- 
hydrolysis is comparable with that of self-catalysed splicing only. 
at extremes of pH or temperature. For instance, at. 27°C and 
pH 14, 1% of the bonds in an RNA molecule are cleaved in 
0.7 min'® 

AS dramatic as they seem, these comparisons of r reaction tates 
actually understate the difference between chemical and self- 
catalysed cleavage of RNA. While chemical hydrolysis of RNA. 
demonstrates some sequence preference, self-catalysed cleavage & 
of the pre-rRNA occurs only at the splice sites: Moreover, — 
self-catalysed cleavage does not occur by the normal mechanism 5 
for chemical cleavage: the former results in 5'-phosphate and 3 
3'-hydroxyl termini; while the latter leaves. the: “Phosphate, on . 


-othe 3’ terminus of the RNA. 


Non-enzymatic ligation has been demonstrated when oligonu- 
cleotides with 5'-hydroxyl and 2’,3’-cyclic phosphate termini 
are aligned head-to-tail on a complementary RNA template’’. © 
In this case a 2’ ,5'-phosphodiester bond is preferentially formed. _ 
In the presence of the chemical catalyst ethylene diamine, the 
ligation occurs with a first order rate constant of about — 
1074 min“, depending on the template used (S. A. Walst 
and D. A: Usher, manuscript in preparation). The pre-rRNA ue 
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The fundamental P E DETR RNA d protein as 


‘biological catalysts lie in other directions. RNA has a more 


, limited potential as a catalyst because it has only four types of 
side chains, compared with the 20 of polypeptides. RNA does 


= not contain residues like valine and phenylalanine which are 


a entirely hydrophobic, nor does RNA have a residue like histidine 
that has the useful property of being ionizable near neutral pH. 
(An exception to this second generality has been found; 


- _ Escherichia coli 5S rRNA undergoes a conformational change 
` with accompanying release of a proton when the pH is increased 


from 7 to 8 (ref. 24).) Because of its hydrogen-bonding and 


a base-stacking capabilities; RNA may be particularly well suited 


< for the catalysis of reactions that involve nucleotides or poly- 
o mucleotides. 


RNA catalysts—ribozymes—can therefore be considered to - 


be primordial enzymes, able to catalyse some reactions as well 
as proteins but having a much more limited potential as general 
biological catalysts. It has been suggested that RNA catalysts 
were common early in evolution and that nucleotide coenzymes 
might be vestiges of these early ribozymes**?°. Whether or not 
this is the case, it seems unlikely that the Tetrahymena ribozyme 


zoo is the only example of an RNA catalyst in present-day organisms. 
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Various. mechanisms for generating coherent curvature radi- 
ation have been proposed’ to explain the high brightness tem- 
perature of. pulsars at radio. frequencies. The bunching of 
counterstreaming charged particles” 






t emnission’, which initiates at the surtace of 


1g to det: € y larg rge grains of solid matter from 
E the surface inth pola r-cap regions. ‘The detached grains erupt 
as i and form ase ndin Tomes or Jets, of dense and a highly =e 






” Splicing öf fungal mitochondrial RNA appears to be largely aa 


ie oe requiring 


‘plausible. Here we propose an. ‘entirely new 


RNA-mediated reaction (reviewed in ref. 11). RNA may 
have a catalytic role in the reactions of RNase P and the other 
ribonucleoprotein enzymes. RNA i is involved in the catalysis of _ 
protein synthesis on ribosomes’’, and may even be involved in.. 
the peptidyl transfer reaction. In these examples, the catalyst — 
requires both RNA and protein components. It seems possible 
that the proteins have evolved to refine and tune the structure 
and activity of what are basically RNA machines”® 

After submission of this paper Altman, Pace and co-workers 
reported that the RNA component of RNase P is the catalytic 
subunit of the enzyme’”*°. In addition to providing another 
example of an RNA molecule that lowers the activation energy 
for a specific biochemical reaction, RNase P is the first proven — 
example of an RNA molecule that catalyses a reaction without 
itself undergoing any net change. 
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LETTERS TO NATURE 


gas. These thread-like plumes, of length A = 10° cm, then accel-, 
erate along the open magnetic field lines and emit intense 

partially coherent radiation, at radio frequencies, with a low- 

frequency cutoff at c/h. Our estimates indicate that burst 

emission can account for the principal characteristics of the 

observed radiation from pulsars at radio frequencies. 

In the pulsar models proposed by Sturrock? and by Ruderman 
and Sutherland’, cascade electron-pair production occurs due 
to the emission of curvature radiation. According to these 
models, outward-moving streams of particles tend to bunch, 
thus accounting for the coherent emission at radio frequencies. 
The condition for a pair-producing discharge in a magnetic field 
of B=10'*G, within a distance H from the surface, is 


(p/R)P? <2 10°(H/R)'? (1) 


where p is the radius of curvature of the magnetic field lines; 
P=220"' the rotation period and R the radius of the neutron 
star. The inequality comes from the requirements: (1) H is less 

than the mean free path of pair-producing photons. and (2) the 

potential difference across H is less than the ‘mostel-indepeitient 

maximum value 


$= BR°0?/c* =1x 103p v -B 
for R=10°cm. In the Ruderman-Sutherland model th e gap 


thickness is small (H < R); and the right side of equation ( 
~10. ak account for coherent radiation from n pulsars o! o P~: 
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it is necessary to assume p ~ R due to the presence of multipole 
field components. A possible objection is that multipole fields 
will have decayed in the slowest pulsars of greatest age. In the 
Sturrock model we have H ~ R, but now p>R because the 
field is assumed to be dipolar, and again a cutoff exists at P~ 1s. 
A possible objection in this case is that bunching, and hence 
coherent emission, seems unlikely because the discharge now 
occurs over a large region of the magnetosphere. 

The proposed burst emission mechanisms takes an entirely 






different approach in considering that coherent radiation at 


radio frequencies is a natural consequence of the emission 
process. ae at : 

The lattice binding energy e for iron atoms in a magnetic 
field B~10'*G has been found to be less than previously 
estimated’. The revised binding energy” in linear atomic chains 
is 2.6 keV, with a lattice spacing d= 5107? cm corresponding 
to a density D=5x10° gcm™?, and a melting point at a tem- 
perature ~10’K. An electric feld (47re/d?)'7 = 
2x 10"' Vcm"! is thus sufficient to detach singly-charged ions 


from the surface of a neutron star, as suggested by Michel? and 
also by Cheng and Ruderman’®. The co-rotating electric field 


normal to the surface in the magnetic polar regions is E = E,6, 

where Ey= BOR/c and 6 is a model-dependent parameter. 

Possibly @ is self-adjusting to ensure equality of the positive 

and negative currents emanating from. different parts of the 

magnetic polar regions; @ may also have large fluctuations? on 
. time scales R/c and R/c =Q, where R, is the light-cylinder 
` radius. By following the practice of assuming @=(R/R,)'/? = 
1.4107? P-'/?, we obtain 


E =8x 108 P2 Vem" (3) 


for the conventional values B = 10'? G and R = 10°cm. When 
P>4x10~* s, the surface electric field E is generally insufficient 
to detach singly charged atoms. (The Crab pulsar PSRO531+ 21, 
with period P= 0.033 s, is close to the critical value and may 
therefore need special consideration. ) 

The cohesive strength of most materials is considerably less 
than theoretical estimates, due to structural irregularities'’, and 
no doubt the crustal material of neutron stars shares. this 
property with terrestrial matter. We propose that aggregates of 
atoms, or small pieces of solid matter, positively charged, are 
wrenched from the surface of the neutron star. (Sputtering 
caused by high-energy bombardment is an alternative possi- 
bility.) 

Conceivably the surface is irregular on the microscopic scale; 
ygilso it may be fractured by horizontal compressive or tensile 
“forces, or pitted by previous burst emissions, thus facilitating 
_ the detachment of solid matter by an electric field. The crustal 

material may be non-uniformly cohesive, and have a granular 
Structure caused by composition inhomogeneities and lattice 
defects. In any event, we assume that the electric field of equation 
(3) is generally sufficient to detach smal! grains from the surface 
layers in polar regions where the surface is positively charged. 

A grain, as it detaches, remains in electrical contact with the 
surface via a bridge of ten uous gas, and therefore stays at roughly 
the same electrical potential as the surface. This causes electrons 








to discharge down the bridge, and the grain is disrupted owing | 


to enhanced electrical stresses and converted into a dense, partly 
ionized plasma. We visualize the grain bursting from the surface 
as a narrow plume of gas that becomes highly charged as it 

ascends along the magnetic field lines. For an electrically con- 
ý ducting prolate hemispheroidal plume of height h and radius a, 
* the internal electric field is 


Eine = E-ghA (4) 


where q is the total charge of the plume and A= (In 2h/a—1) 
for k > a. An internal electric field Ein © E is sufficient to cause 









electrons to drain downward, creating a total positive charge of | 


approximately a 
q=EkÞ° A 6) 


that increases with h? as the plume grows in height. If m is the 








a TO NATE tenet a 





mass of the unipotential plume, the heigl it increases until oe 


Ang the constituent atoms (of atomic number Z and weight A) _ 
become fully ionized. Thus, a plume oaheight 


h=(amA/E)'/?2 =5 x 104 m Ae ids 


from equations (5) and (6), for iron atoms, with. 
microgram plumes (corresponding to a~ 1073 
height h~10’?cm for P~1s. The plume in the form ol 
detached thread accelerates and ascends along the field lines 
a speed approaching the speed of light. In this discuss - 
ignore the stretching of the thread due to differential acceler 
ation. veda oR ESD. ete ee 
If the surface of the neutron star is smooth, the outwardly _ 
directed force per unit area is E7/42. The electric force ona __ 
grain of surface area wa’ exceeds the gravitational force when — 
a* > 4gm/E?, where g = GM/ R? hence, from equation (7) __ 

















1/2: PEAR ETA 
i(i ) =6x 10° p774 (8) 
a 4g on fs 


for M equal to a solar mass. There are two reasons for supposing _ 
that this gravitational limit is not serious. First, it is unlikely 
that the surface is smooth on the small scale, as it is probably | 
pitted by constant burst emission. The surface field strength will _ 
therefore vary, and at high spots have values considerably _ 
greater than E given by equation (3). (This is one of the reasons 
stated previously for supposing that grain detachment is plaus- 
ible.) Second, during the burst emission process, electrons drain 
downward and heat the surface to a temperature T> ¢/k~ 
10’ K, thus releasing additional gas that feeds the base of the 
plume. With a simple hydrodynamic model consisting of con-. 
stant mass-flow input, we find that the plume cuts off at h < Mina 
(corresponding to A~ c), where 


a Am Opry? 
har ~ =A ( 
2E 


and thereafter becomes a space-charge limited ion beam that 
dwindles as the hot spot cools. Equation ( 7) satisfies equation: 
(9) for microgram plumes at normal values of P A detached ` 
grain of very small mass, according to this model, triggers a- 
plume of much larger mass. : 

The positive and negative currents emanating from the mag- 
netic polar regions have characteristic values? n 





1/2 
Am a) “3x10 m”? PY2em (9) 
H 


ch eee 
J= E sein aos 0 we 
Aa if t } a 
where œ is given by equation (2). In this. discussion we are ee 


interested only in the positive currents originating at both polar 
caps that are assumed to be responsible for the coherent emission 
at radio frequencies. (Negative currents are readily explained 
by the thermionic emission of electrons.) The energy attained _ 


by the positive charges is ymc?= qq, where 
| | ¥=42aJ)*/ l =6x10° Pp 








We note that the cyclotron radius ~ymc? /qB,. 

cylinder, where B, = B(RO/c)°, equals the light-cylinder radius 

R, but we ignore the possibility of synchrotron radiation. The 
mass-loss rate due to burst emission ae A 

M = a~'J*=2x10" P gyr 

is clearly negligible for a neutron star. tn eee 
The peak intensity of coherent curvature radiation 

point charge occurs at the critical frequency = 


3 
3y C 1 x 1014 pu!3/2 g1 
2p 





We hanni 


if we assume a value p= RO™' for the radius of ¢ 
the magnetic field lines. The intensity emitted in 





a ‘usual result (w) w 






2 1/3 2 fy 
I(w) ~ i (22) (=) sin? (2) (14) 
p \c wh c 


-= When w.< c/h, interference is negligible, and we obtain the 
us 1/3. Now consider the case when w,> c/h. 
- The peak intensity occurs at œ =c/h, and has the value 


2 
_ Ge : 
Ima SST 5 
max pone (15) 


> which is proportional to ht’? for qo h”. For œ <c/h, we have 
~ I(w)x<@'!*; and for w<c/h, then Io) wh, and the 
radiation is only partially coherent. 
Pulsars have spectral indexes’? in the range —1 to —3. For 

line-charges the spectral index is —5/3, with a low-frequency 
cutoff at c/h. If the line-charges have a length distribution 
N(h) xh", the spectral index becomes B ~ 14/3. These esti- 
mates are only approximate, and ignore variation of the cur- 
vature of the field lines. 

The energy radiated by each line-charge is of the order 
: 2,1/3 


B (16) 


-and radiation reaction is unimportant provided £, < qd, or h < 


ORO A”? ~ 10° P~ cm, which is amply satisfied for metre-length 
“threads. The total coherent radiation from the thread-like 


-charges is of the order L=e,q™' J*, or 


E 
L= (k?p) =3x 1077 h? p83 erg g7! (17) 


for which the low-frequency cutoff is c/h. Most pulsars have 
observed beam luminosities! at radio frequencies in the range 
107°-10"° erg s~', and our results are in reasonable agreement 
for h ~ 10° cm, corresponding to microgram plumes. l 
The number of bursts or jets emitted each second in N= 
q™`J*, or 
N =A 22x10! h ple sg (18) 
4arh 





and this rate is too large for individual bursts to be observed as 
micropulses. We note, however, that with h ~ 3x10? cm and 
P~1s, the statistical fluctuation 8N ~ N’”? gives 5N ~ 10° s~, 
consistent with a shot-noise interpretation’? of pulse micro- 
structure. 

The proposed burst emission mechanism offers a natural 
explanation of the coherent radiation occurring predominantly 
at radio frequencies, and for the steepness of the observed 
spectra. Burst emission, or some variant of such emission, does 
not necessarily exclude the possibility of previously proposed 
mechanisms contributing to the observed complexity of pulse 
structures and their spectra. In this preliminary study we have 
concentrated on discussing the plausibility of a burst emission 
mechanism, and have ignored such matters as polarization (cur- 
vature radiation from line-charges is much the same as from 
bunches), optical and X-ray emissions (which are probably not 
_coherent) and drifting subpulses. 

We thank T. J. Carroll and G. J. Hartke for helpful discussions. 
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Magnetic pair production in 


Cygnus X-3 anda | 
cut off in the y-ray spectrum 
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The binary system Cygnus X-3 is a source of high energy y 
rays (>10 eV)'?, and the existence of quiescent radio 
emission from this system? is suggestive of a strong magnetic 
field extending well. beyond the binary orbit*. We show here 
that the high-energy y rays traversing this field could be attenu- 
ated by magnetic pair production process, resulting in the rather 
sharp steepening of the y-ray spectrum beyond about 10°° eV. 
Using the observed spectral steepening’, we derive a magnetic 
field strength of 0.7 G in the region ~10'* cm, where most of 
the observed radio emission takes place. The observed light 
curve above 10° eV shows only one significant narrow peak at 
a phase of about 0.2 from the X-ray minimum. This could result 
from the magnetic bending of the charged particles from the 
pulsar before interacting with the enshrouded matter. We pre- 
dict that the relative contribution of steady flux should increase 
beyond 10°° eV. 

The Cygnus X-3 system consists of a pulsar in close orbit 
around a companion star. The companion star undergoes mass 
loss through a dense stellar wind. Such an outflow of gas was 
invoked to explain the profile of the X-ray modulation*®. Mak- 
ing use of the observed value of P/P and assuming that the 
outfiow of gas is spherically symmetrical, Vestrand* derived the 
density profile of the outgoing gas to be 


n(R)=3x10 2 RI? em™ (1) 


where R,, is the distance from the star measured in units of 
101! cm. From a detailed modelling of the binary system Ghosh 
etal.’ obtained the total mass My of the system to be <6 Mo, 
and thus the binary orbit a = 101! (Mr) = 1.810") cm. 
Quiescent radio emission has been observed’ in the frequency 
region 1.4 to 80 GHz, the spectrum being consistent with non- 
thermal radiation. The size of the radio source is approximately 
10'* cm at 8 GHz (ref. 8). Because of energy loss, the electrons- 
responsible for radio emission cannot be transported even up 
to 10'°cm. Therefore, it was postulated* that the radiating 
electrons are supplied by the y rays around 100 MeV. The 
azimuthal component of the magnetic field frozen in the stellar 
wind has the dependence B,(R)=B,oRjj, where Bo is the 
fiield strength at 10°’ cm. Using the density profile given by 
equation (1), it can be shown that the B.o should be at least 
107G in order to avoid the Razin-Tsytovich effect? at the 
observed frequencies. From the best fit to the radio data, a value 
of 1,330 G has been obtained’ for Bio- | 
The observed integral y-ray spectrum from Cygnus X~3 above 
a few hundred GeV!*!°!7 is shown in Fig. 1. Note that the 
flux values reported by different groups around the same energy 
region differ by a factor of ~2. This could be due either to 
temporal variation of the source or to the uncertainty in energy 
estimation. The high-energy y rays are attenuated by their.. 
interaction with the universal black-body photons*”*. There- 
fore, we have chosen a differential spectrum of the type — 


j, (E)=215*10°E"'’ photoncm ?s™ GeV" (2) 


as the measure of the production spectrum of y rays to calculate 
the effect of propagation in the magnetic field surrounding the 
binary system. The corresponding integral spectrum is shown 
as curve a in Fig. 1. | ees 

For the magnetic pair production process, the attenuation 
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Fig.1 Time-averaged integral flux values of y rays above 10!! eV. 
from Cygnus X-3. Curve a is the chosen production spectrum, b 


is the calculated spectrum after taking into account the attenuation: 
due to magnetic pair production with a field strength B 5 =1,330 G 
and curve c is the attenuated spectrum after interaction with the 

- universal black-body photons en route. 


coefficient for y rays is given by’? 
ila B a l R 
kesi g TO a. (3) 


“Here æ is the fine structure constant, A, the Compton 





wavelength,B.=m*c*/eh the critical magnetic field, x= 
2(hvB,/mc?B.) and T(x) = 0.16 7 Ki ;(2/3x). For small 


values of y, T(y) can be approximated as 0.46 exp(—4/3y). It 


-is clear that the attenuation coefficient increases exponentially _ 
__ with energy, reaches a constant value and then decreases slowly 
| The attenuated y-ray spectrum from Cygnus X-3 


_. would then be 





~ j,{E)fol B) expl ~ | d 2.14x 10°°B, (R) T(x) +E 2) d x D 





mu l 
(A) 


where x is the distance from the pulsar along the line of sight, | 


L = 88g cm? is the attenuation length for pair production in 
pthe gas, R=V{a*+x?—2ax cos 6} and 8 is the phase angle 
relative to X-ray minimum. Assuming that the y rays are pro- 
-duced in the atmosphere of the companion star, the integration 


-in equation (4) was carried out from x’ =a cos @. The value of 


6 corresponds to the phase of the y-ray peak relative to the 
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Fig. 2 Observed integral spectrum of y rays from Cygnus X-3 
above 10’ eV; the symbols used here are as in Fig. 1. The solid 
curves are the calculated spectra for different values of By indi- 
cated. The dashed curves are the mean spectra during the phase, _ 
when the pulsar is in front of the companion Star, for different _ 
values of Bo as in the case of the solid curves; these spectra are 

normalized to 10% of the flux value (solid curve) at 10'5 eV. All: 3 
the calculated curves include the effect-of the interaction with the 
universal black-body photons. Biọ values: a, 250 G; b, 500G; e 
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in front of the companion star, through interacti 
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do L Jo os 
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ax | (5) 





ie ti 


x exp| -| {2.14 x10°°B (R)T(xX)+ de 


Here, the first exponential term relates to the attenuation of 
ions, the second term to the interaction probability and the last 
exponential term to the attenuation of y rays through pair 

` production. The values of A and A are taken as 67 and 50 g cm’ 
respectively. 


2 


Evaluating equation (5), we find that the y-ray flux decreases 


by about 40% from phase 0.25 to 0.5 at energies where magnetic 


pair production is insignificant. When magnetic pair production 


- dominates, the y-ray flux increases with phase. Since the exact 


magnitude of this modulation depends on the influence of mag- 
netic field on the charged particles before interaction, we do 
not consider this aspect here. Instead, we have averaged the 
flux over the entire phase when the pulsar is in front of the 
companion star. From the phase diagram’, we obtain an upper 


limit of about 15% for the y-ray flux outside the peaks at 


energies >210'° eV. We have normalized the mean integral 
spectrum to 10% of the integral flux, as determined from 
equation (4) at around 10°° eV. The integral spectra thus 
obtained with various values of B, are shown in Fig. 2 as 
dashed curves. The results shown in Fig. 2 suggest that although 
the contribution from this near-steady component increases 
beyond 10'° eV, this component does not extend far beyond 
this energy. Thus the observed spectral steepening does not 


necessarily imply possible termination of the accelerated spec- 
> trum—the accelerated spectrum of ions may in fact extend 
-beyond about 10” eV. 


The radius of curvature of a 10'°-eV proton in the magnetic 
field surrounding the star is of the same order as the radius of 
the star. It is quite reasonable to expect, depending on the 
structure of the magnetic field, that the ion would be deflected 
either into or out of the atmosphere, when the pulsar emerges 
from behind the star. This may explain the near absence of a 
second peak about the X-ray minimum. In addition, the spectral 
shape of y rays between 10’ eV and 10'S eV is much flatter 
than that below 10t? eV. This apparent flattening of the spec- 
trum could result from the following reason. As the energy 
decreases, the radius of curvature of the interacting particle 
decreases. This reduces the available path length along the line 
of sight in the enshrouded gas, for the production of y rays. As 
a result, the flux at 10'? eV would be suppressed. The low-energy 
y rays <100 MeV come directly from the pulsar and appear to 
have a different spectral slope. It will be interesting to look for 
the energy region at which these two spectra join. 
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Banded low-frequency radiofrequency (r.f.) signals, very low 
frequency propagation and light emission have been recorded 
to precede, accompany and follow some large earthquakes’, 
and mechanisms to account for these phenomena have been 
suggested recently**, discussed briefly by Chi-Yu King (ref. 6 
and references therein) and summarized by Sadovski”. Banded 
rf. emission has also been detected in a series of laboratory 
tests in which samples of granite and other hard rocks were 
fractured under static pressure”. Here we report observations 
of banded r.f. emission generated during and after macroscopic 
hypervelocity impacts of small projectiles on hard rocks. We — 
believe that our results may help to further the understanding 
of earthquake emissions and the mechanism of impact magnetiz~ 
ation’, both of which are associated with the fracturing of rocks 
under some kind of stress. | 

Observations were made during a series of experiments 
devoted primarily to the study of mechanical and magnetic 
effects associated with hypervelocity cratering”. The apparatus 
used in our tests is described elsewhere’’, and illustrated 
schematically in Fig. 1. Modified explosive shaped charges’? 
were used to accelerate small aluminium projectiles (~1 g) up 
to velocities of ~10 kms”! against hard targets. The targets 
consisted of leucitite blocks, 40x40x35cm, and 50 x 50 X 
40 cm blocks of ‘artificial’ rock, obtained by mixing, in the ratio 
1:2 by volume, alumina concrete and marble powder. Both 
types of targets were encased in strong dural boxes. 

In most of the 21 tests performed to date, the r.f. receiver 
system consisted of several coils (oop antennae), typically two 
or three for each test, orientated so as to allow the simultaneous 
detection of various components of any transient magnetic field | 
(vertical, radial and/or azimuthal). Each loop antenna consisted 
of a 50-turn coil of 10-cm diameter. In the last four tests, we 
used Rogovski (toroidal) coils (500 turns of 1-cm diameter over 
a loop of 20-cm diameter) to obtain a ‘clean’ signal for the 





Fig. 1 The target vacuum chamber. The drawing is to scale, 
except ainless steel. SC, explosive shaped char 
DT, deflection table; ES, explosive! 
spex windows; C, conical extension to 















al extension to the vacuum chamber, which — 
brings the viewing window out of the depth of field of the IMACON — 
camera; T, target; V, to the vacuum pump and manometers. — 
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Fig. 2 A, Impact in air at atmospheric pressure. B, Impact in 


vacuo (~1 torr residual pressure). The target in A and Bis 
leucitite. The vertical scales are 1.V peak-to-peak. The vertical 
broken line indicates the moment of impact. C, Impact in vacuo; 


the target is a block of ‘artificial rock’. $ ignal a is from the Rogovski _ 


_ coil, signal b from the unscreened radial coil and c from a mechani- - 


cally screened radial coil. Note the different vertical scales, = . 


azimuthal component of the transient. magnetic field. An 
IMACON 790 fast framing camera (frame rate 10° s~') allowed 
p the pre-impact velocity of the projectile to be measured with 





“an accuracy of ~2%, and allowed us to follow the development 


_ of the cratering events, the formation of the ejecta and the 

expansion of the plasma cloud produced by the impact. Of the 
21 tests, seven were performed in air at atmospheric pressure, 
and the rest in the vacuum chamber shown in Fig. 1, at a residual 
from the coils were recorded, via buffer amplifiers, ona 1 
channel SE 7000 tape recorder having a bandwidth of 300 


pressure varying between 6 and 0.1 torr. The output signals. = 


Measurements performed using a storage scope during the first 
~ series of tests showed that this bandwidth was adequate, asno 


timetres, 
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The values of the recorded frequencies vary from test to test 
but generally they are of the same order of magnitude irrespec 
tive of ambient gas pressure or target material. Those shown ir 
Fig. 2A and B are quite typical, although in some cases value: 
as low as 100 kHz have been recorded for the tests in vacuo 
Figure 2C shows the signal recorded from the Rogovski coi 
during a test performed in vacuo on an artificial rock targe 
(a), together with the signal from. two radial coils, one 
unscreened (b) and one mechanically screened by a 2-mm plastic 
sheet (c). Note that in the latter case the rf. signal was muct 
smaller. a 

The frequencies detected are. too low (~100 kHz) to have 
been generated in the impact-produced plasma by an oscillating 
dipole type of mechanism, as the dimensions of the current- 
carrying plasma are too small (20-50 cm, say). Also, they cannot 
have been generated by the conversion of electron plasma waves 
into electromagnetic waves for two reasons. First, electron 
plasma waves are strongly density-dependent, but in our experi- 
ment while the plasma diffuses and becomes more tenuous by 
three or four orders of magnitude over the period of observation, 
the frequency of the observed oscillations does not vary much 
over the same period. Second, from estimates of the plasma 
electron density, the plasma frequency is found to be of the 
order of several GHz even during the latest stages of observa- 
tions. On the other hand: the frequencies observed in our 
experiments are comparable with those observed in association 
with some strong earthquakes’. This suggests that if these 
observations can be ascribed to the same source as ours, the 
mechanism of r.f. emission is, up to'a point, scale-independent.. 
Finally, the tests performed with the screened and unscreened 
coils show that the recorded signals appear to be associated with 
the presence of the plasma near the coils, indicating that a 
mechanism other than direct electromagnetic wave ‘radiation 

Our tests, both in air and in vacuo, v ere performed 
interstitially dry rocks. Thus, a mechanism similar to t 
gested by Lockner et al* to explain the emissio 
earthquakes cannot be used to account for rf. 
cratering, as these authors suggest that the vapori: 
in water-saturated rocks accounts for a chang 
conductivity responsible for a significant charge 
Cutolo? invokes a very large oscillator (tens of kilo 
account for the low frequencies observed durin; 
Our results render superfluous, although in prin 
invalidate, the mechanism. proposed by this authc 
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its, aluminium projectiles weighing ~1 g were 

cities of ~10 km s”' by means of a modified 
shnique, described in detail elsewhere*®. The 
va red to within 2% in each test by measuring 
positions of the projectile before impact using an 
amera operating at a framing rate of 10° frames 

ere made of fused alumina cement mixed 
the ratio 1:2 by volume, and moulded 
ellipsoids with principal axes 30, 21 and 
esive strength, this material is very 

cks (for example, stronger than 
ı many basalts) and falls in the 
ng 
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Fig.1 Shape distribution of the fragments produced in two differ- 

ent experiments. A, Aluminium projectile ~1 g, impact velocity 

94kms, 85 fragments; B, aluminium projectile ~1 g, impact 
velocity 9.8 km s™', 676 fragments. 
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Fig. 2 A, Histogram for b/a and c/a corresponding to Fig. 1A; mean values are 0:49 and 0.72, respectively. B, Histogram for b/a and 
c/a corresponding to Fig. LB; mean values are 0:48 and 0.72, respectively. 


We have found that most fragments are characterized by 
moderately irregular shapes, and only a few objects have a high 
sphericity. Figure 1A and B show the plots of the axial ratios 


b/a and c/a for two typical experiments. We note that almost 


all the points lie in the region of the plane defined by c/a>0.2 





_ elongated or disk-shaped objects, are found outside this region. 
_ The mean value of the sphericity index, defined as (bc/a*)'”3, 
averaged over all the fragments from each experiment was found 
to be 0.70, as compared with 0.707 for a perfect triaxial ellipsoid 
> with axial ratios 2:V2:1. The results are very similar to those 


found previously*~ using a variety of target compositions and 
a wide spread of impact velocities not exceeding 4 kms”! Figure 


2 shows the histograms of b/a and c/a for the two experiments. 
They fit norma! distributions, centred around the mean values 


of 0.72 and 0.49 in one case, and 0.72 and 0.48 in the other, 


with values of o of 0.12 and 0.16 (the values of b/a and c/a, 

for an ellipsoid with axial ratios 2:/2:1, are 0.707 and 0.5). 

We have verified that the shape distribution is independent of 

the size of the fragments. In fact, no systematic trend appears 

_ when b/a and c/a are plotted separately for different. size 

ý ranges’. z | 

Combining our results with those reported by Fujiwara et 

_ al?, we conclude that, as long as the impact specific energy 

_ remains within the limits associated with partial fragmentation, 

the shape distribution of the fragments remains unaffected by 

substantial changes in target composition, mass and shape, or 

_ by the mass and velocity of the impacting body (recall, for 
>> example, that Fujiwara et al? used cubic targets of basalt 

~ polycarbonate projectiles in some of their experiments). Tt 

_ Tatio of the two terms v2 and 1 is strongly reminiscent of the 



















and b/a >0.3. Only a very few points, corresponding to highly - 





a y: T$ >i the the observed amplitudes is 0.77 (ø =0.11), and 
ratio of the speeds of compressive and shear waves in materials- 


with low Poisson ratio suchas granite (0.1-0.2) and the mixture 
used to make our targets (~0.15). On the other hand, the simple 
ratio 2:2: 1 could be a general statistical property of collision- 
generated fragments. | Ce. ee 
Having confirmed that our results and those of Fujiwara et — 






higher than those which can be derived only from observa 


at equatorial views. A first group of objects is forme 
ids commonly believed to be fragments generated 
catastrophic collision. This is a set of 1 94 main-belt ast 
with diameters <100 km. The mean value of b/ ade 







is increased by observation at not-equatorial vi 







well with the shape distribution of laboratory fragments. This 


strongly supports the hypothesis that the small main-belt 
asteroids are of collisional origin". On the other hand, if we 
consider the 29 main-belt asteroids with diameters >200 km, 
the equatorial amplitude of which can be estimated reliably 
from observations at several oppositions, we obtain an average 
value for b/a of 0.85 (a = 0.10). The shape of these asteroids 
is therefore more symmetrical about the polar axis than that of 
collisional fragments. In the case of the larger asteroids, we 
expect that self-gravitational effects are relevant, especially if 
these asteroids are ‘disrupted-and-reaccumulated’ bodies with 
a ‘rubber-pile’ internal structure. In this case the gravitational 
forces should smooth out any large-scale irregularities. | 

We consider finally the set of 21 Apollo-Amor asteroids with 
known rotational properties. These are objects with typical 
dimensions of ~1km, and orbits crossing those of the inner 
planets. They could be either extinct cometary nuclei or small 
collisional fragments ejected from the main belt by some peculiar 
dynamical mechanism’. Their mean value of b/a is 0.54 (o= 
0.28). This implies that among them very elongated and cigar- 
like shapes must be rather common. For example, 5 of the 21 
-Apollo~Amor objects have b/a = 0.40 while, by contrast, only 
1% of the laboratory fragments exhibit such a low value for 
‘this ratio. The diameters of these asteroids are proportionally 
much smaller than those measured in the laboratory with respect 
to that of the parent body, so that a comparison between the 
two shape distributions is probably not fully meaningful. More 
experimental evidence is needed in the range of fine-grained 
debris to establish the genetic mechanism responsible for the 
shapes of the Apollo-Amor objects. 
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Order-disorder transitions are among the most important 
aspects of the problem of self-organization’. The Belousov- 
Zhabotinsky (B--Z) reaction is a convenient model for studying 
these transitions because it displays not only a variety of regular 
wave patterns but also chemical turbulence. Chaos in this reac- 
tion is usually thought to be a local property’, corresponding 
to a strange attractor in ordinary differential equations. In an 


<> active system, however, a different type of chaos (autowave 


chaos) may occur, which is not based on local mechanisms’. 


We have now found that this type of chaos develops from the 
interaction of propagating waves and stationary dissipative 
tructures. This interaction initiates a chain reaction of spiral 
wave production resulting in a reduction of the characteristic 
scales of the wave pattern and in the occurrence of chaos. if 
the physical conditions are inappropriate for the formation of 
dissipative structures, then no chemical turbulence occurs and 
the wave pattern remains regular. Therefore, chaos appears in 
the reaction as a result of structure formation. 














e 
Fig. 1 Transition to chaos in the non-stirred B-Z reaction. a~d, 


Photos taken 5, 6, 10 and 11 min, respectively, after mixing the 
reagents. 


The experiments were carried out in non-stirred B-Z 
reaction solution in a Petri dish 9cm in diameter. The com- 
position of the medium was similar to that commonly 
used>*: 0.1 M CHBr(COOH)s;, 0.45 M H,SO4, 0.3 M NaBrO;, 
0.13 M CH.(COOH);, 5 mM ferroin. The Petri dish was moun- 
ted on a transparent substage kept at 20+0.2°C. In these 
conditions the medium exhibited excitable kinetics. A wave was 
induced by touching the solution surface with a silver wire, and 
the wavefront was then mechanically broken” to produce a spiral 
wave which served as a source of periodic waves during the 
experiment. The waves were photographed under illumination 
with a flashlight. In such a reaction solution a regular wave 
pattern could be seen immediately after its preparation 
(Fig. 1a). However, after 3-5 min the regular order of wave 
propagation was broken (similar to refs 7, 8). The waves assumed 
an unusual sinusoid-like form (Fig. 1b), and the original smooth- 
ness of the wavefronts became distorted by the appearance of 
notches. The notches grew in size until wave-breaks occurred. 
These wave-breaks curled into rotating spirals (Fig. 1c) accord- 
ing to the well-known mechanism”. Reproduction of the 
spiral waves continued (Fig. 1d) until the whole medium was 
filled with their small fragments and a small-scale turbulence 
developed. | 

These observations are consistent with the previously pro- 
posed’ theoretical scheme of spiral wave reproduction in an 
active medium by which waves can break in a non-homogencous 
active medium (Fig. 2). The wave-breaks curl into rotating 
vortices (reverberators) which also become sources of waves. 
The waves produced by them, in turn, break at inhomogeneities, 
thus triggering the chain reaction of spiral wave reproduction. 
As a result, the medium fills with fragments of spiral waves and 
the regular wave pattern changes to a chaotic one. 

Note that the scheme is applicable only in the case of a 
non-homogeneous medium. It can adequately explain, for 
example, the chaotic regimes in the heart (fibrillation), as the 
cells in heart muscle are not quite identical. However, it is clear 


Table 1 Minimal thickness of the Belousov-Zhabotinsky reagent with 
which the hexagonal structures develop 3 











KBr concentration Minimal thickness 


(M) (mm) 

0 1.26 +0.03 
0.1 1.09 +6.03 
0.15 0.85 +0.045 
0.18 


0.71 £0.03 
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Fig. 2 Wave-break initiation in a heterogeneous medium. Waves 
propagate upwards, refractory (inexcitable) regions are hatched. 
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that the scheme cannot be directly applied to the B-Z reagent, 
which is a homogeneous solution. 

Several hypotheses have been proposed to explain the 
mechanism of chaos in the non-stirred B-Z reaction. They are 
based on the over-critical fluctuations of concentrations large 
enough to produce a wave-break or a transverse instability of 
the wavefront’’. We cannot exclude the possibility that these 
mechanisms are of significance in some extraordinary conditions. 
However, we have found experimentally a much more realistic 
one—whenever chaos occurred in a distributed system, it was 
always preceded by the appearance of stationary dissipative 
structures of a Benard cell type. 

In some conditions the cells were clearly seen’, in others the 


cell boundaries remained practically invisible, giving the: 


impression that chaos developed in homogeneous conditions. 
For example, the stationary cells were seen in a system with 
4-cyclohexen-1,2 dicarboxylic acid'' or bromacetone® but they 
were almost invisible in malonic acid reagent. The reason for 
the difference is that in the first case the cell interior was blue 
(the oxidized form of ferroin), while the edge was orange (the 
reduced form of ferroin) due to an increased bromide concentra- 
tion’’. In the second case, no spontaneous redox transition took 
Place and therefore both the cell edge and the interior remained 
orange. The colour of the interior was only slightly less intense, 
and the general hexagonal pattern was hard to distinguish. 
However, the cells became clearly detectable again when the 
oxidation wave started propagating through them? (the redox 
transition is limited at the cell boundaries and, because of this, 
the cells are easily seen during wave propagation due to a 
reduced intensity of the colour). 





To verify the existence of a correlation between chaos and 


the dissipative structures, we performed experiments in which 
the chemical and physical characteristics of the system were 
varied in order to control the appearance of these structures. 
The Benard type cells are known to appear in a layer of liquid 
if its thickness exceeds a certain critical level. We therefore tried 
to obtain chaotic regimes in a tilted Petri dish. As expected, the 
cells appeared only in the deep part of the reagent (Fig. 3) and 
» it was in this part that a chaotic regime could be observed. In 
contrast, a regular wave pattern was seen where the cells were 
absent. 

The critical depth sufficient for the cells to appear could be 
reduced by increasing the initial concentration of KBr (Table 
1). However, whatever its value, the boundary separating chaos 


of the region in which the cells occurred. a 


from the regular wave pattern coincided in all cases with that a 


The effect persisted when the other reagent concentrations 


were altered within the following range: 0.15-0.60 M H3504, 


OO oe oR an 


0.1-0.3 MNaBrO;, 0.05-0.4MCH,(COOH),, 1.5-5.0 mM 





Fig. 3 Interaction of the propagating waves with the stationary ee 

cells leading to the reproduction of spiral waves. Photos were taken 

at 5-min intervals. At the centre of the dish a few spirals were 

initially induced (a) which served as wave sources during the 

experiment. The Petri dish was tilted, and the emerging spiral 

waves are seen only at the top of b, where the depth of the layer 
exceeded a critical value. 


in which the propagating waves were observed. pee 
The formation of cells could be prevented, even with the 
solution depth above its critical value (up to 3 mm), by covering. 
the Petri dish with a glass to prevent evaporation. When this: 
was done, the cells disappeared after 2-3 min, the wavefronts _ 
became smooth and the reproduction of spiral waves stopped. — 
In such experiments the development of chaos could be interrup- — 
ted at any stage. For example, if this process did not go too far, 
only a few rotating spiral waves were observed. On removing — 
the covering glass, the cells continued to appear, thus triggering 
the reproduction of spiral waves. The longer the reaction ran, 
the greater were the number of spiral waves and the smaller 
the scale of the wave pattern. At the later stages the picture . 
resembled a small-scale turbulence, the characteristic size being — 
of the order of a spiral wave core. 
Our data show that in all the cases studied chaos was preceded 
by the appearance of convection cells. This means that this- 
phenomenon can be adequately described by the theoretical : 
scheme of the development of autowave chaos in a non- | 
homogeneous medium**, and the mechanism of chemical tur- 
bulence can thus be explained. | a eae 
We thank Dr A. Grenadieur, Dr A. Zaikin and Professor A. 
Zhabotinsky for valuable discussions. ae 


ferroin, that is, within the whole range of concentration values’ 
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High polymers are widely used as flocculants in aqueous col- 
` Joidal ‘dispersions'”. All direct investigations to date of the 
_ forces between surfaces bearing adsorbed polymers in good 
‘solvent media, however, have indicated a monotonically in- 

‘creasing repulsion, rather than attraction, as the surfaces 

approached” *. We have now measured the interactions 
_between two smooth mica surfaces immersed in an aqueous 
solution of polyethylene oxide (a good solvent system) in the 
‘range 0-300 nm apart, and find that at low adsorbance of the 
polymer on the mica there is a reversible, time-independent, 
long-range (~2.5 R, the unperturbed radius of gyration of the 
polymer) attraction as the surfaces approach. On permitting 
_ equilibrium adsorption of the polymer to take place, the attrac- 

‘tion disappears, to be replaced by monotonically increasing, 
long-range repulsion. 

The experimental technique and apparatus, as described 
previously?!°, permit the accurate measurement of forces F(D) 
between two smooth curved mica surfaces (radius of curvature 
R=1cm) immersed in a liquid medium a closest distance D 
apart, in a convenient range D = 0-500 nm. The procedure in 
our experiments was as follows: the interactions F( D) between 
bare mica surfaces in 0.1 M KNO, were first determined, and 
the surfaces then separated to D=~ 20 um. Polyethylene oxide 
(supplied by Toyo Soda, Japan; molecular weight 1.2 10°; 
M,,/ M,, = 1.12; R, = 35 nm) was added to the system to a con- 
centration of 10+1gml™’, and the surfaces left to incubate 
in the solution to allow adsorption of the polymer to take place. 
At no time during the incubation period did the separation D 
becween the surfaces exceed ~20 ym; as a result polymer 
molecules from the bulk solution had to diffuse a considerable 
lateral distance (~1 mm) through the narrow intersurface gap 
(20-100 um wide) before reaching the region of closest 
approach between the mica sheets (D = 20 um) and adsorbing 
onto the surfaces. Because of this, the rate of adsorption of 
polymer onto the mica in the region of interest, where F (D) is 
measured, was severely reduced (relative to the corresponding 
rate of adsorption from bulk solution onto a free surface)'* and 
several hours were required for the limiting adsorption of poly- 
mer to be attained, beyond which no further changes in the 
force profile were observed (see also Fig. 1). Hence, by measur- 
ing F( D) at various times following the introduction of polymer, 
it was possible to monitor the surface-surface interactions as 
progressively more polymer adsorbed. 7 

Figure 1 shows the change in F(D) with time of incubation 
-in the polymer solution. The force-distance profile between the 
mica surfaces before the addition of polymer is shown in Fig. 


a ‘la: close in (D= 10 nm), the interaction is strongly repulsive 
-- and characteristic of electrostatic double-layer overlap, while 


at 10nm<D<15nm a weak, short-range attractive regime 
(‘secondary minimum’) is observed, in accord with earlier 
reports®?, Following addition of polymer and incubation for 1 h 


~ {at D> 20 pm), the secondary minimum disappears and strong 
© repulsion is observed at D< 20 nm (Fig. 15). After incubation 
~~ for 2-3 h (at D= 20 ym), a clear attraction (F(D) <0) between 


‘the surfaces is observed (Fig. 1c), commencing at D= 
90+ 10m, with an attractive maximum at D ~= 45 nm; as the 
surfaces are brought closer together, the attraction decreases, 
and changes to an ultimate strong repulsion for D= 20 nm. 

_ Once the surfaces are brought closer together to commence 
~ an F(D) measurement (to D= 300 nm, after a given incubation 
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D (nm) 
Fig. 1 Force (F(.D))-distance (D) profiles between two curved 
mica surfaces immersed in aqueous 0.1 M KNO; at 23+2°C, a 
closest distance D apart. The force scale is normalized as F (DHR, 
where R(=1 cm) is the mean radius of curvature of the mica sheets, 
to give the surface energy per unit area between flat parallel plates 
obeying the same force law, in the Derjaguin approximation’. a, 
Before addition of polymer. b, After addition of polyethylene oxide 
and incubation of the surfaces at D=20 ym for Lh. c, After 
incubation for 3 h in the polymer solution at D=20 pm. d, After 
incubation for 8h at D=20 pm (@) and after 32-48h at D= 
20 um (W). 


period at D = 20 pm), the force-distance profile does not change 
appreciably with time until D is again increased to the incubation 
separation of 20 pm. The attraction following 2 h of incubation 
persists up to 4-5 h incubation time (at D = 20 um). After 6-8 h, 
however, the attraction disappears (Fig. 1d), and leaving the 
surfaces to incubate for longer times results in a monotonically — 
increasing repulsion commencing at progressively larger D 
values, up to a limiting value D = 180 nm after overnight incuba- 
tion (Fig. 1d). This limiting value of D for onset of repulsion 
does not increase on further incubation (up to 2 days). 

Figure 2 shows the force—distance profiles from several com- 
pression—decompression cycles, following incubation times of 
2-4h (at a surface separation of 20m); within error, the < 
profiles are the same whether the surfaces are approaching 
(compression) or are being separated (decompression). _ 

Our results show directly for the first tin xistence of 
attractive long-range forces between two so s in goot 
polymer solutions. This attraction depend 
polymer adsorbance onto the surfaces 
adsorbance values, and disappeai 
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Fig. 2 Force-distance profiles (force scale normalized as in Fig. 
1) between curved mica surfaces after incubation for 2~4 hat 
D= 20 um in 10 pg ml" polyethylene oxide solution in aqueous 
0.1 M KNO; at 2342°C. 0, Compression of surfaces (surfaces 
approaching) after incubation for 2h; W, subsequent decom- 
pression (surfaces moving apart) after incubation for 2h. O, Com- 
pression after incubation for 3h; @, subsequent. decompression: 
4, compression after incubation for 4 h (for a different experiment 
on a different pair of mica sheets); A, subsequent decompression. 





good solvent conditions of the experiment”. The distance for 
onset of repulsion—once full adsorbance of polymer has been 
attained—is some 5-6 R,, a value consistent with earlier reports 
on the thickness of polyethylene oxide layers adsorbed onto 
mica in similar conditions®, 

These observations have clear implications for the flocculation 
of colloids by added nonionic polymer: on initial adsorption of 
polymer onto the colloidal particles a strong attraction arises, 
as in Fig. 1c and Fig. 2; particles undergo brownian collisions 
and adhere to each other, leading to the formation of large 
aggregates, or flocs. This aggregation prevents further adsorp- 
tion of polymer onto the particles, so that the attractive force 
persists, as in our experiments when the surfaces are brought 
close together following 2-4h of incubation. (The attractive 
surface energy per unit area at the attractive maximum in our 
measured F(D) profiles, ~50 uJ m~*, corresponds to an overall 
attractive energy of some 100 kT for two colloidal particles of 
1 ym diameter, obeying the same force law, when 50 nm apart 

yé room temperature. Once adhered, such particles would not 

“readily separate under their thermal energy.) 

Finally, we note that the origin of the attractive interactions 
observed following partial adsorption is probably due to bridging 
of the intersurface gap by polymer molecules adsorbed simul- 
taneously on both mica surfaces. This effect is more significant 
at low (as opposed to full) surface coverage by the polymer for 
two reasons: (1) at low adsorption the concentration of polymer 
segments in the gap is also low, so that the repulsive osmotic 
interactions are weak relative to the attractive bridging forces 
and (2) local equilibrium at low surface coverage may be attained 
more rapidly, so that bridge formation—with consequent attrac- 
tion—is favoured, over the measurement times in our experi- 
ments, relative to the full adsorption case. 

We thank Professor D. Tabor for useful comments, and the 
SERC for support (P.F.L.). 
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Gulf Stream warm-core rings form in the Slope Water between. oS 
the North American continental shelf and the Gulf Stream by 
the separation of a north-extending meander’. The initial phy- _ 
sical, chemical and biological properties of the core of these : 
100-200-km eddies are often similar to those of its parent water _ 
mass, the Sargasso Sea. A clockwise rotating remnant of the 
Gulf Stream circulates around the core with surface current — 
speeds of 50-200 cm s~*. Although warm-core rings can slowly _ 
change over periods of months through interactions with the 
surrounding Slope Water, Gulf Stream meanders, continental _ 
slope, other rings, and the atmosphere, we have now discovered _ 
that major alterations to ring structure can occur during very _ 
short periods (2-5 days) when an interaction with the Gulf | 
Stream is particularly intense. Such short-period interactions — 
between a ring and the Gulf Stream are a major factor governing 
a ring’s evolution. | woe 
The rapid transformation of a warm-core ring’s structure was 
observed in some detail during the first cruise of a multi: — 
disciplinary programme to examine the evolution of warm-core _ E 
rings’. The study began with satellite reconnaissance and the — 
visit of the research vessels Endeavor, Atlantis II and Albatross 
IV to ring 81-D (the fourth warm-core ring to form in 1981)... 
in September-October 1981. 81-D became detached fromthe 
Gulf Stream east of the New England Seamounts in July 1981. 
By early September it had moved to 40° N, 64° W and was ae 
elliptical, with major and minor diameters of 190 and 144km. 
An eastward-propagating Gulf Stream meander interacted with 
warm-core ring 81-D between 16 and 24 September 1981, 
causing the latter’s rapid transformation; the ring’s radius ia 
decreased and a significant portion of Sargasso Sea. water was. 
lost from the ring’s core to depths of nearly 1 km. Physical and 
biological properties of the surface water of the core were altere 
by exchanges with surrounding surface water. Es 
Two surveys of the ring were made approximately 10 day 

















apart (Fig. 1), the first by the Endeavor on 14-16 September, 
the second on 24-27 September by Endeavor, Atlantis H and. 
Albatross IV. In the 8 days between the two surveys, a Gul 

Stream meander (Fig. 1, upper right) had strongly interactec 
with the ring, resulting in a dramatic reduction of its horizon 
extent and alteration of its vertical structure. During the fi 
survey, satellite and shipboard measurements of the ring 
face-temperature field were in very good agreement. 
despite a large number of shipboard surface- 
measurements during the second survey, they wer 
to describe the ring structure as synoptically as- 
imagery. This suggests that satellite observations of 
might also show an image of the ring not evic 


shipboard survey of plant pigments (Fig. 1): Th 















GP dopen onenarena a tenn 
E E 
| l 
Í i 
| | 
i | 18 
4 | 
| x 
H € 
| E 
| Aa o 
| ‘ i 
i 
7 | 
| 
SURFACE SURFACE 
| TEMPERATURE | TEMPERATURE 
(Ct {°C 
ki h B BEE NEAN S anil ENEE. 5 ee NEE OE A ES | age 
GBP a tenet enn 
a 4 
i 
j 
| 
~ 
i 
i 
~ 
Í 
| 
| SURFACE SURFACE 
: SALINITY i SALIANIT ¥ 
1 £%o,} 











SURFACE 
P PIGMENT 
fing ar? 


PIGMENT 
fg or 






Ore € sore day ring s initally contained 
mperature n near a °C . ak 7 





a a arge « amou t 





Fig. 1 Plan view of warm-core ring 
81-D for days 257-259 {14-16 Sep- 
tember) (left) and days 267-270 
(24-27 September) (right). From top 
to bottom, satellite thermal imagery 
(AVHRR), in site surface tem- 
perature (°C), surface | salinity 
(ppt), mg pigment per m”, and 
depth (m) of the 10°C isotherm. 81- 
D is seen in composite satellite- 
derived sea-surface temperature 
maps obtained from the NOAA-7 
IR radiometer (upper panel). Ring 
81-D was delimited for the period of 
the first survey by the warm streamer 
of Gulf Stream on the west and. the 
cold shelf-water streamer east of the 
ring centre. The surface salinity of 
the ring core was higher than that of 
the surrounding Slope Water and 
surface plant pigments ranged from 
0.08 to 0.25 mg pigment m°? with 
high values on the western edge of 
the ring and isolated low values to 
the east. Total pigments were deter- 
mined by the fluorescence technique 
(R. Smith et al, unpublished) and 
are the sum of chlorophyll a and 
phaeopigments. During the second 
survey the ring/meander were par- 
tially attached. and the maximum 
depth of 10°C in the ring was 
<600 m. Surface salinities in the ring 
core were reduced in the second 
survey, while the range in surface 
pigments was greater (0.09-0.7 mg 
pigment m~*) and the values gen- 


-erally higher. A region of minimum 


pigment (<0.1) was seen in both sur- 
veys at the edge of the ring where 
surface currents could have carried - 
it completely around the ring in 
slightly less than 4 days. 


a a result oft the interaction w with the 2 Gul Stream This redu 
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Fig.2 Temperature sections through the centre of warm-core ring | 
81-D from: a, Endeavor, day 258 (15 September); b, Endeavor, 
day 271 (28 September; c, Albatross IV, day 277 (4 October); d, 
Dawson, day 303 (30 October). On one off-centre section from the _ 
first Endeavor survey (a) the depth of the 10 °C isotherm, which | 
marks the main thermocline, changed from 200 m outside the ring 
to over 700 m inside. ‘ 


of the ring had been removed. Subsequent transects Fig. 2c, d) 
_ Showed little change in the deeper structure of the ring despite 


-its having moved westward across the N ew England Seamounts. 


On the edge of 81-D (above the regions of -strongly sloping 


isotherms) near-surface currents of nearly 200cms"! flowed 
clockwise around the ring core’. To a 

A time series constructed from selected water sam 
expendable bathythermographs (XBTs), and conductivity 
perature, depth (€ 








# was due to the redistribution of mass after a significant portion 


_. direction of rotation. | i 
___ The rapid change in the ring during its interac 






(CTD) stations near the ring centre shows: ? me 
_ of the changes that occurred when 81-D and the Gulf Stream — 
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Fig. 3. Changes in warm-core ring 81-D of: a, ellipse orientation. 
(deg true); b, depth of 10°C isotherm (m); c, surface salinity ue 
(p-p.t.); d, coccolithophore standing crop at 10 m (number of cells): 
Endeavor (@) and Atlantis II (A); e, total plant pigments 
(mg m”*). Note the logarithmic scale in the lower two panels. On 
day 266 (23 September) surface salinity near the ring centre rapidly 
decreased from 36.4 to 35.6 p.p.t. primarily due to a flooding of © 
the ring centre by fresher water. Thereafter, variability was pro- 
duced by local patchiness of low and high salinity water and. 
wind-induced mixing events. Low plant pigment values were found 
initially in the centre of the ring, but they gradually increased ~ 
during the cruise by more than an order of magnitude, with final. 
values of 2.0 mgm”? on day 275 (2 October} (e). In comparison, 
a Sargasso Sea station on day 272 (29 September) had a surfaces 
water phytoplankton pigment. value of 0.14 mgm? (010 
chlorophyll a, 0.04- phaeopigment). The — phaeopig- 
ment/chlorophyll ratio remained roughly constant in the ring 
centre. Coccolithophore standing crop in the ring centre increased 
over 100 times during the period of observation, from O1to 
27% 10° cells m? (d). Sampling of the Gulf Stream, SargassoSea 
and Slope Water showed no parallel increase. The initial (day 260, 
17 September) coccolithophore samples from shallower than 10m 
_in the ring centre were dominated by Emiliania huxleyi, and this. 
_ Species continued to dominate the flora throughout the sampling 
_ period. Six ring-centre samples from 50m contained a different 
‘deep water’ coccolithophore flora'*-!” dominated by Florisphaera 
_ profunda, Hayaster perplexus and Thorosphaera flabellata. Thus, 


_ the observed increase in the coccolithophore standing crop at 10m 
_ inthe ring centre after day 261 (18 September) must be accounted 
for by in situ growth, 0 


interacted (Fig. 3). Satellite imagery has been used to esti 
the position of the ring centre and to fit an ellipse 
by least-squares"; the orientation of the major: 
together with depth of the 10°C isotherm, su 
coccolithophore standing crop at 10m and su 
ments. During the 8-day period between the twc 
1, the ring axis rotated from nearly north-south to 
south-east, the thermocline depth decreased by 
(with the most rapid decrease occurring durin 
temporarily reduced from 36.4 to 35.6 parts. pe 
(p.p.t.). After day 267 (24 September) the ellipse ; 

















Gulf Stream resulted in a 60% decrease in the ene 
with the thermocline depression in the rin 
increase. in. the intensity of the swirling flow 





The available potential energy (APE) is associated with the 
bowl-shaped depression of the thermocline relative to the sur- 
rounding Slope Water and is defined as the energy that would 
be released by an adiabatic relaxation of the thermocline to a 
level surface”. Before interaction with the Gulf Stream, APE 
is estimated from an XBT section made on day 259 (16 Septem- 
ber) to be 1.3 10'° J. Calculation from a cross-section made 
on day 271 (28 September), immediately after the interaction, 
yields an estimate of 5.2x10'°J. The loss of APE during the 
ring’s contact with the Gulf Stream and its subsequent readjust- 
ment occurred at a rate of ~7.7 GW, which is at least an order 
of magnitude larger than that observed in warm- and cold-core 
rings outside the influence of the Gulf Stream”. It also exceeds 
the barotropic energy flux observed on the continental slope in 
connection with the formation of a warm-core ring’. The avail- 
able potential energy lost in the September 1981 interaction 
probably went into the Gulf Stream. 
As the ring lost energy and shrank, the magnitude of the 
relative vorticity, |{|, a measure of the strength of the ring vortex, 
‘increased. ¢ is equal to the sum of the radial shear in the ring’s 
currents, dv/ar, and the angular velocity of the flow, v/r. This 
quantity is negative ({ <0) for an anticyclonic, warm-core ring. 
Directly observed near-surface currents” suggest a 10% increase 
in |¢| for the surface layer of the ring during the Gulf Stream 
interaction. This increase was accompanied by a decrease in the 
thickness of the layer of 18°C water in the core of the ring, 
Ah. The decrease agrees (to within 20%) with the change 
estimated from the increase in |¿| and the conservation of 
potential vorticity (f+¢)/M4h (where f is the Coriolis para- 
meter)'° in the fluid remaining in the ring. 

Coincident with the maximum change in ring structure near 
day 266 (23 September, Fig. 3) was a change in certain species 
of midwater organisms occurring in the ring core. A highly 
specialized fish fauna, living by day at depths of 500-800 m and 
by night in the upper few centimetres, was caught in a neuston 
net towed from the Atlantis II. Fifteen collections were made 
in the ring centre within a few hours of local midnight on four 
successive nights. Moderate catch rates were observed on days 
264 and 265 (averages of 26.5 and 33.6 fish per h) but they 
were significantly lower on days 266 and 267 (averages of 4.8 
and 1.0 fish per h). The catch on the first two nights consisted 
mostly of two myctophid fishes, Gonichthys cocco and Centro- 
branchus nigroocellatus''. These species almost wholly disap- 
peared from the catch on the third and fourth nights, whereas 
the astronesthid fish Astronesthes niger became more abundant. 
These changes were probably due to ring centre flooding some 
time before 0545 GMT, day 266 (23 September) during a period 
of darkness, when the neuston fauna was susceptible to removal. 
This abrupt shift coincides with the first appearance in the centre 
of the ring of low salinity water having a large Slope Water 
component (Fig. 3c). 

The changes in subsurface structure of the ring were evident 
in the catches of Cyclothone spp., non-vertically-migrating mid- 
water fishes that live at depths from ~400 to 2,000 m’*"”. Two 
species, shallower-living Cyclothone braueri and deeper-living 
Cyclothone microdon, have different vertical distributions in the 
Slope Water and northern Sargasso Sea, They were caught in 
three plankton tows (0-1,000 m) in the ring centre on days 264, 
267 and 274 (21 and 24 September and 1 October). The first 
collection contained some C. braueri at 700-800 m. The last 
contained none from deeper than 500-600 m. The first collec- 
tion contained no C. microdon from shallower than 600-700 m, 
but the last contained some in the 500-600 m stratum. The 
second collection. was intermediate in these respects. Similarly, 
the vertical distribution patterns of copepods living deeper than 
500m (for example, Calanus finmarchicus, Calanus hyper- 
boreus, Metridia lucens, Metridia venusta and Metridia 
brevicauda) shoaled ~100 m between days 264 and 274. These 
changes in vertical distribution coincide with and are explainable 
by the rapid shoaling-of the 10°C isotherm depth and loss of 
18 °C water in the ring centre that took place between days 264 


and 268 (21 and 25 September) when physical and chemical 


-_ring/Gulf Stream interaction, this was not true for members o 


characteristics of the ring centre between 500 and 700 m became 

less like the Sargasso Sea and more like the Slope Water. 
While deep- and shallow-living components of the ring-centre 

biota give evidence of substantial change coincident with th 


zooplanktonic groups living at intermediate depths. For 
example, the abundance and composition of those euphausiids 
(Nematoscelis microps, Nematoscelis tenella, Stylocheiron 
abbreviatum, Stylocheiron affine, Stylocheiron suhmii and Sty- 
locheiron elongatum) living principally between 75 and 500 m 
and not performing a diel vertical migration into surface waters 
at night, changed little in the three plankton tows which 
bracketed the period of maximum change. These species were 
rare or absent in plankton samples from the adjacent Slope 
Water. Aside from the significant loss of mass, the physical 
properties of this part of the ring-water column showed little 
change. 

The rapid evolution of warm-core ring structure due to intense 
ring/ Gulf Stream interaction was also observed during the time- 
series study of ring 82-B from April to August 1982. From 
satellite observations of the surface properties of warm-core 
rings undergoing Gulf Stream interactions coupled with in situ 
observations of the effects of these interactions on ring structure, 
we conclude that the alteration of warm-core rings proceeds 
mainly by episodic interactions with the Gulf Stream. The lower 


probability of interactions in the case of Gulf Stream cold-core oo 


rings'* is probably responsible for the substantially longer life- 
span and the more evenly paced evolution of this kind of ring. 

This work represents a joint effort by a number of inves- 
tigators receiving support from NSF, NASA, the National 
Marine Fisheries Service and the Bedford Institute of oceanogra- 
phy (Canada). This is contribution no. 5381 of the Woods Hole 
Oceanographic Institution. 
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Particulate matter in the oceans is operationally partitioned 
into two pools. Large (> 32 pm) particles, such as zooplankton 
faecal pellets and marine snow, sink rapidly and dominate the 
vertical flux of organic matter in the oceans'~*. These relatively 
rare particles, usually collected in sediment traps, sink at rates 
of tens to hundreds of metres per day** leading to a significant: 
flux of labile particulate organic matter from sites of production 

in the euphotic and mesopelagic zones to the deep ocean””"*. 

Finer (< 2 pm) suspended material, on the other hand, domi- 
nates the standing stock of particulate matter’. Sinking rates of 


only a few metres per day for small particles result in long 
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in the water column during which major trans- 


marker compounds, including 
here the apparent production 





470mg C m”? day“! 


primary productivities of about 860 and 


(integrated over the 100-m mixed layer) 


a were measured in 1981 and 1982, respectively (G. A. Knauer, 
personal communication), 


using Woods Hole In Situ Pumps (WHISPs) 
graphic-wire mounted, stream- 
systems (F. R. Hess, 
of seawater were 
(293 mm, 
deployments. 


The samples were collected at several depths (Fig. 1) at night 
» which are hydro- 
powered, large volume filtering 
in preparation). Four hundred to 4,0001 
pumped through ashed glass fibre filters 
type A/E; nominal pore size 0.3 pm) during 8-12 h 
Pumping large volumes increases the chance of 


collecting a few large particles, and a few zooplankton and faecal 
pellets from the red crab Pleuroncodes planipes were seen on 
some filters. Analyses of other samples of these materials showed 
sterenes to be absent. Following recovery, the filters were frozen 








Designation 
(Fig. 2) 


Cholesta-N*,22-diene 
Cholesta-N,22-diene 
Cholestatriene 
Cholesta-N,24(28)-diene 
Cholest-2-ene ; 
Cholesta-N,N,24-triene 


Cholesta-3,5-diene 

Cholestatriene ` 
Cholesta-N,3,5-triene | . 
Cholesta-N,N,24-triene — : 


24-Methyicholesta-N,24(28)-diene 
24-Methylcholesta-N,N,24(28)-triene 
24-Methyicholesta-3,5-diene 
24-Methylcholesta-~N,N,24(28)-triene 
24-Ethylcholestene 

24-Meth 


24-Ethylcholest-2-ene 
Cholestatriene 
24-Ethylcholesta--N,24(28)-diene 
24-Ethyicholesta-3,5-diene 
24-Ethylcholesta-N,N,24(28)-triene 
24-Ethylcholesta--N,N,24(28)-triene 


SH ECE NM HN RYO F marin mone an eg 


a pk 


Hop-22(29)-ene 


- * N, 5.6 nuclear unsaturation at unknown position, but probably not A? 


TERS TONATURE 


Table 1 Sterenes assigned in WHISP particulate matter samples 


Assignment 


Cholesta-N,22-diene/ minor cholestatetraene,24-methylcholestadiene 


24-Methylcholesta~N-24(28)-diene/24-methyl-cholesta-N,N,24(28)-triene (1:1 j: 


yicholesta-N,N-diene/minor cholestatetraene 










and returned to the shore-based laboratory. The 
Soxhlet extracted with toluene/methanol (1:1) an 
fractionated according to functionality by o 
chromatography (Merck silica gel 60 5% deactivat 
water). The hydrocarbons discussed here were el 
hexane; other lipids (wax esters, triacylglycerols, fatty a 
and steroidal alcohols, ethers, and ketones) were sequ 
eluted’, and these results will be described elsewhe 
not necessary to separate further saturated and unsatu 
hydrocarbons. Gas chromatography was carried ou 
‘Carlo Erba 4160 gas chromatograph with on-column injecte 
and glass. capillary columns deactivated by persilylation and 
coated with cross-linked SE-52. (ref. 22). Gas ¢ hromatogra- 
phy/mass spectrometry analyses were performed with a system _ 
combining a Carlo Erba 4160 gas chromatograph, a Finnigan 
4500 mass spectrometer and an Incos 2300 data system. Sedi- 
ment trap samples were also collected, but detailed results are 
beyond the scope of this paper. | ~ 
Sterenes in the WHISP particulate samples had a strong 
concentration maximum at 140m, the depth of the minimum i 
O, concentration (Fig. 1). Total lipids and sterols (stenol plus 
stanol), on the other hand, had concentration peaks at 60m 
where phytoplankton and zooplankton biomass were greatest. 
Thus sterenes were present in higher relative abundances in the _ 
Oz minimum, in which a sterene: lipid ratio of 53.7x107* was 
found at 140 m, compared, for example, with 3.4x10~* and ce 
7.2X10™* at 60m and 950 m, respectively. The abundance of 
sterols was fairly constant with increasing depth (sterol: lipid = 
3.4 x 107°, 3.3X 107? and 2.0 107? at 60 m, 140 m, and950m). 
Sterenes were a major portion of the total hydrocarbons in the 
O, minimum, comprising 88% of the hydrocarbons at 140m 
compared with 8% and 30% at 60 m and 950 m; respectively. 
The distribution of individual sterenes was complex, with up- 
to 25 compounds present representing C,¥, Cog and Cg 
monoenes, dienes, trienes and traces of tetraenes (Fig. 2, Table 
1). Structural assignments (Table 1) were made: from. gas 
chromatographic retention times of several authentic standards, 
the A*- and A®-cholestenes and A*??- and A*?-steradienes 
isolated from the immature Monterey shale”?, and by mass _ 
spectral interpretations’**"*"_ Cholest-2-ene and cholesta-3,5- _ 
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diene co-eluted with standards on three capillary columns (SE- 
52, OV-1701 and Pluronic 64). The WHISP samples did not 
contain C3o-sterenes, At- or A°-sterenes, diasterenes, A-ring 
monoaromatic steroids or steranes. 

At all depths, C,7-sterenes dominated. C,7-sterenes accoun- 
ted for 49-69% of total sterenes compared with 26-40% for 
Cg- and 3-25% for Cs9-compounds. This trend parallels the 
sterol distributions in the same samples. Steradienes and 
steratrienes were generally more abundant than the correspond- 
ing monosterenes. Furthermore, relative abundances of 
monoenes, dienes and trienes changed as water depth increased, 
with the major shift occurring at the top of the O3 minimum 
zone. For example, the ratio of C27+Cgg+C2z9-monoenes: 
dienes: trienes was 1.0:2.8:1.8 at 60 m, 1.0:4.3:4.7 at 140 m 
and 1.0:5.0:6.8 at 950 m. The relative lack of monoenes, of 
which A?-cholestene was the major constituent, contrasts with 
several Recent sediments in which monoenes often dominate 
the overall sterene assemblage’ '**'. The surface sediment 
‘floc’ from the VERTEX site contained a sterene distribution 
dominated by cholest-2-ene and cholesta-3,5-diene and was 
quite different from the 140-m WHISP sample illustrated in 
Fig. 2. os : 
Tt has been previously postulated”’*""*" that sterenes are 
early diagenetic transformation products of sterols of biogenic 

igin, with the reactions occurring both in the water column 

ients. Known biogenic sources of sterenes in 
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Fig, 1 Vertical distributions of 
density (o,), dissolved oxygen, and 
suspended particular carbon (G. A. 
Knaver and J. H. Martin, personal 
communication) (left panel), and 
composite depth profiles for con- 
centrations (ugl) of total lipids 
(gravimetric), sterols. (stenols and — 
stanols) and sterenes collected by the 
WHISPs during VERTEX Il and HI 

(right panel). VERTEX H sample 

depths: Sm, 200 m, 1,000 m; VER- 

TEX IH depths: 5m, 60m, 140m, 

450m, 950 m, 1,500.m. The values 

for $m are means of values for the 
2yr, which agreed to better than 

10%. Profiles are composites of data 

from Zyro 1981—Sm, 200m, 

1000m; 1982-—5 m, 60m, 140 n., 

450m, 950 m, 1,500 m: The profiles 

were essentially the same, consider- 
ing differences in sample depths, and 
were relatively independent of differ- 
ences in primary productivity. The 

discussion focuses on the 1982 

profile. 


Ll 
a E N te 
eee k 
Ne ey 
* 








VERTEX 26 
WHISP COMPOSITE 





aeons amnnngnadyaivgrpnderttrertianenneanieH ainni: . 
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with about 10% at 140 m and deeper). Stanols are enriched in 
the O, minimum zone relative to stenols (for example, 
cholestanol : cholesterol = 0.04, 0.10 and 0.06 at 60 m, 140 m, 
and 950m respectively), thus suggesting that reduction of 
stenols to stanols and then to monosterenes occurs at these 
depths. Alternatively, stenols may be selectively degraded, 
and/or stanols of biogenic origin enriched. In the case of 
steratrienes, the apparent absence of ring-diunsaturated stenols 
in the WHISP samples indicates that simple dehydration of 
stenols does not occur. Alternatively, as has beer suggested for 
sediments'®, hydroxylation of a A*-stenol or a steradiene and 
subsequent dehydration might produce the trienes. We have no 
data on steroid diols which would be intermediates in this 
pathway. 

Many of the sterenes in the WHISP samples contained ACB ey 
unsaturation (Table 1), although the positions of ring unsatur** 
ation are usually unknown. This. observation agrees with the 
abundance of A2“‘?*)-stenols (for example, 24-methyl- and 24- 
ethylcholesta-5,24(28)-dien-3-ols). On the other hand, rela- 
tively few A°?-sterenes were observed, although A*?-sterols were 
abundant in the samples. 4~Methyl-sterols of presumed micro- 
bial or dinoflagellate origin were present in the suspended parti- 
cles at levels up to about 7% of the 4-desmethylsterols, but 






-4-methylsterenes were not detected, as is consistent with sedi- 


ment analyses ®t. 

The abundance of sterenes on suspended particles in the O, 
minimum zone, where microbial activity is most intense, is strong 
evidence for a microbial transformation of steroidal precursors. 
Actual microbial production of sterenes has not been demon- — 
strated, but microbial hydroxylations, dehydrations, and reduc- 
tions of steroids are widely known?>**. Since monosterenes are 


postulated to arise from stanols, microbially-mediated dehydra- 
tion of the stanol, as well as microbial production of the stanol 
itself by reduction of a stenol may lead to the observed A7- 

monoenes, albeit at low levels. Further evidence of bacterial — 
alteration of the organic matter in the suspended particles — 
sampled is given by the presence of hop: 29)-ene CT in Table 
1 and Fig. 2) which is present eral bacteria?” and has 
been used as an indicator «4 genesis*’. While it is 
not possible to rule out. ical reactions in the Oz 
observed sterenes it is 
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VERTEX M 
140m WHISP 





60 75 90 MIN 


Fig.2 Gas chromatograph of the total hydrocarbons in the VER- 

TEX HI 140 m WHISP sample. Conditions: SE-52, 30 mx 0.3 mm 

id., on-column injection, 1.5 °C min™!, 150-280°C, H, carrier 

0.2 kgcm™*, flame ionization detection. Peak designations refer to 

Table 1. The unlabelled peak between f and g is an unidentified 
non-steroidal hydrocarbon. 


important to note that acid- and clay-catalysed dehydrations of 
cholesterol** and cholestanol*?*? yielded predominately A?-, 
A*t- and A*-cholestenes, none of which dominated the WHISP 
samples. Chemical autooxidations may be involved in the forma- 
tion of a variety of diol intermediates!®, 3 
The strong concentration peak for sterenes in the O, minimum 
lative to deeper samples suggests that downward transport of 
_Sterene-rich small particles (WHISP samples) is not extensive. 
‘On the other hand, initial analyses of larger-sized material 
collected in sediment traps shows an enrichment in sterenes at 
depths in and below the O, minimum zone: For example, during 





the 1981 cruise, a sterene:lipid ratio of 1.5x107* in 50m 


sediment trap material was found, while samples from 100 m, 
470 m, 1,0 
10“. Sterol: lipid ratios in the same samples ranged from 22- 
10°", with no clear change across the Oy minimum. Com- 






| WHISP particles. Thus aggregation of 


sterene-rich small slowly. sinking particles in the O, minimum 
zone into larger, faster sinking particles (for example, faecal 
pellets and marine snow collected by sediment traps) may be 
_ One mechanism by which sterenes are rapidly transported verti- 
pally to the deep ocean and sediments. From the low levels of 
“sterenes in WHISP samples below about 500 m, production of 










ported by contract N00014-82C : 





and 1,500 m had ratios over the range 12-42 x. 


ns tor sterenes in the sediment trap samples 


„and truck. Observations were made of six litters at on 






= 7yr, familial relationships of most of its members wet 
<- Central Kalahari brown hyenas live in small . 
_ members forage solitarily and do not hunt. 
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Helping behaviour in brown hyenas _ 
Delia D. Owens & Mark J. Owens ae 


Division of Environmental Studies, University of California, Davis, a 
California 95616, USA ea! Rye hi 














The degree of relatedness between in 
primary factors influencing nonparental aid or ‘helping 


Natal males emigrate more often than females a 
cubs less frequently. Females provision young 
related as second cousins, while males provision 
not cousins. Such discrimination in nonparental: 


relatives has not been previously reported in large 
other than primates’, ae 

Brown hyenas (Hyaena brunnea) were studied ini 
Kalahari, Botswana, from 1974 to 1981. Adults were g 
(N =17), radio collared (N =9) and monitored from. 


munal den (1,011 h). Since the primary clan was obser 






Individuals 


Mothers (N = 6) 43 
(re 0.5) 
Adult females (aunts, cousins) (13) 87 

(r=0.25 to =0.03} 

Subadult female cousins (3) 49 
(r= <0.03) 

Subadult males half sibs (2) 23 
{r= 0.25) 

Subadult male cousins (4) 0 
(r= 0.03) 

Adult male immigrant (2) 0 
(r uncertain) 

Total 202 

Nonparental aid 159 






Table 1. Provisioning frequencies of clan members to six litters of cubs in Loh 


% Provisioning events | Robbing events % 
21.3 E 0 0.0 





43.1 0 0.0 

24.2 0 0.0 

11.4 9 0.0 
0.0 | 14 100 
0.0 0 0.0 


78.7 


The figures represent the provisioning events and frequency percentages of each class of clan member to six litters, including two litters of 
orphans. Another litter was later orphaned. Besides mothers, there were no females more closely related to cubs than aunts, first cousins once 


removed, and second cousins (grandchildren of full sibs, r=2 (0.5))°. 


copulations of clan females by nomadic males. 


However, clan members scavenge carrion together, defend a 


< common territory and communally rear their young’. 


The clan consisted of one to five related adult females, their 
offspring of various ages, and one dominant male. The females 
maintained a dominance hierarchy through such social interac- 
tions (374 observations) as escalated neckbiting combat’. Two 
of nine natal females left the clan following repeated neckbiting 
by dominant females. 

Usually only one female gave birth to cubs each year, and 
there appeared to be competition over breeding opportunities. 
On one occasion when PA, the most dominant female, and DU 
her subordinate, had cubs at the same time, PA repeatedly 
neckbit and harassed DU. DU abandoned her litter and then 
suckled and provisioned PA’s cubs. Similar competition was 
observed in red foxes”. However, unlike red foxes and some 
other social carnivores in which only the dominant female breeds 
(wild dogs’, wolves®, mongooses”), even the most subordinate 
brown hyena female occasionally reared cubs at the communal 
den. The prolonged development of the dominants’ cubs (18 to 
24 months) provided opportunities for subordinates to repro- 
duce before higher ranking females bred again. Regardless of 
their social rank, all females who were allowed to remain in the 
clan eventually reproduced. 

The primary male mating system observed in 52 of 79 months, 
was for one immigrant male (N = 2) to defend the territory and 
to mate with females. However, each dominant male probably 
did not sire more than two successive litters because tenure of 
males was relatively short (27 and 26 months), development of 
cubs was prolonged, and only one female gave birth to cubs a 
year. Nomadic males. without territories also courted clan 
females in 2 of 11 consortships and 1 clan female was observed 
- copulating with a nomadic male. In 56 encounters the immi- 


z 9 grant male always dominated natal males, of which six out 
~~ of eight (75%) left the clan by the time they were 40 months 


Oldo a es 
Females gave birth to one to four cubs (mean 2.0, six litters) 


ns. After 2.5-3.0 months, mothers carried cubs to 


mal den where all young were reared by clan 
nd males’?. S 

ntal aid in brown hyenas included communal suck- 
provisioning, den maintenance, defence against preda- 
° and adoption of orphans. Nonparental food pro- 
or all six litters constituted 159 of 202 (78.7%) of 
served other than nursing (Table 1). This type 
1.0% (N =8), : 47.0% (N =17) and 31.7% 
| to litters 1, 2 and 4, in which cubs were 
% (N =25), 100% (N= 23) and 93.4% 
tters 3, 5 and 6. 
























iless of social rank and degree of related- 
rous and pregnant individuals, provisioned 


The relatedness of immigrant males to cubs is uncertain due to the 


cubs. Three lactating females, including two who had lost litters, 
suckled cubs other than their own offspring. Female helpers 
were no more closely related to the cubs than aunts, first cousins 
once removed, and second cousins (r= 0.25 to <0.03). i 

Nonparental adult and subadult females (N = 16) accounted ~ 
for 136 of 159 (85.5%) of nonparental provisioning acts ob- 
served for six litters. Before emigrating, two of six natal males 
participated in provisioning, but in only 14.4% of the events. 
There was a significant difference between male and female 
helping (x? =13.14; P<0.001). Subadult females (24-40 
months, N =2) provisioned cubs 2.13 times as often as did 
subadult males (N = 4), (x7 = 39.06; P < 0.001) (Table 1). 

Eight of 10 cubs (three of five litters) reared to maturity were 
adopted orphans. One of six litters did not survive and one of 
the three adoptions occurred after the study period. Nonparental 
females (N = 3) provisioned ST’s orphans in 82.1 % (83 of 101) 
of observed provisioning events. Of the three natal males, only 
the half sib of the orphans provisioned them 17.8% (18 of 101) 
of observations. Female and male provisioning was significantly 
different (x? = 41.8; df. = 1; P<0.001). Orphans of the other 
female (OL) were provisioned 23 times by three females, but 
never by males (N= 2) (x? =15.33; d.f.=1; P<0.001). Thus, 
the observed orphans were helped more by females than by 
males. oe i 

Only males most closely related to infant cubs (known to be” 
half sibs, r =0.25} provisioned them. Males more distantly 
related than half sibs did not provision and on 14 occasions 
second cousins (r = <0.03) removed and ate food items brought 
to the den by other individuals. Male half sib and male cousin 
provisioning differed significantly (Fisher exact test, P = 0.027). 
Four subadult males had opportunities to aid younger cousins 
in a total of seven litters, but did not provision them. However, 
two of these males provisioned their half sibs. Subadult males 
played with their cousins and helped maintain the den ’s chamber 
by digging out loose sand. We never saw immigrant males 
provision, play with cubs or maintain the den. 

Females who received help when they were cubs later pro- 
visioned their helper’s offspring, and adult females of similar 
ages provisioned one another's cubs. Subadult males did not. - 
always provision their helper’s offspring, although they were agg 
closely related to the cubs as were subadult females. 

According to kin selection theory’”'’, the inclusive fitr 
male and female helpers would be i db 
related cubs. Since most female 
ually breed, they acquire 
clan size, and thus ga 
A larger clan would in 
available to provision 
individuals to defer 
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-thus would not gain as much as females by provisioning distant 
relatives. 
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Prenatal development of individual 
retinogeniculate axons 
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When connections are first formed during the development of 
the vertebrate nervous system, inputs from different sources 
are frequently intermixed and the specific adult pattern then 
emerges as the different inputs segregate from each other "t, 
During the prenatal development of connections between retina 
and lateral geniculate nucleus (LGN) in the cat, the projections 
from the two eyes initially overlap with each other within the 
LGN. Over the next 3 weeks a reduction in the amount of 
overlap occurs so that by birth, a segregated pattern similar to 
the adult is present’. We report here that during the period of 
overlap, individual retinogeniculate axons are simple in shape 
and restricted in extent without any widespread branches. Fur- 
ther, the appearance of the segregated pattern of eye input is 
-accompanied by the elaboration of extensive new axonal arbors 
within appropriate LGN territory accompanied by retraction 
of only a limited number of minor branches. This developmental 
Strategy contrasts with that in other regions of the vertebrate 
central nervous system in which the orderly adult pattern of 
connections within a target is achieved by a relative reduction 
in the overall extent of the axon arbor*'~13, 

To study the morphology of individual retinogeniculate axons 
during the prenatal process of segregation, we have developed 





an in vitro method for filling axons with horseradish peroxidase 


(HRP) in the fetal central nervous system (CNS). Animals of 
known gestational ages were delivered by caesarean section 
under anaesthesia’. The diencephalon including both lateral 
geniculate nuclei and the optic tracts was isolated, placed in 
a modified slice chamber and superfused with oxygenated 
#eRinger’s at 34-35 °C. Preparations maintained in this manner 
remain viable for up to 10 h as assessed by electrophysiological 
recordings from the LGN'', Small deposits of HRP were made 


in the optic tract using glass micropipettes with HRP (Boeh-. 


ringer type I) coated tips. Following a 6-h postinjection survival 
period, the preparation was fixed? and sectioned on the 


vibratome at 100 ym in the horizontal plane. (The major axis z 
of the trajectory of retinogeniculate axons lies in the horizontal 
plane throughout prenatal development.) Sections were reacted 


for HRP histochemistry using diaminobenzidine with cobalt 





chloride intensification’ and individual labelled axons were 
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Fig. 1 An HRP-filled retinogeniculate axon from E55 prepar- 
ation to illustrate several typical morphological features seen at 
this age. a, Camera lucida reconstruction of the axon made from 
six serial sections as it leaves the optic tract and traverses the LGN. 
Scale bar, 50 ym. b; The location of this axon within the LGN. 
The approximate location of future layers A, Al and C-complex 
are indicated. Note that the major zone of arborization is within 
future layer A. OT, optic tract, MIN, medial interlaminar nucleus, 
A, anterior, P, posterior. c, The most distal HRP-filled processes 
shown in standard bright-field optics at high magnification. Arrow 
indicates web-like region frequently seen at branch points. Scale 
bar, 10 pm. 





contralateral eye. Within the LGN, the arbor is: 
primarily to the distal half of the axon and is rough 
in shape: about 50-100 um wide and 450 yum l 


we consider it most likely that this axon originates fron 

























3 : half « as it co ifs s through ipsilateral eye territory. is aoi | 


10rt delicate side branches that sometimes 
appearance. of the most distal p portion of 

h ld optics i is shown in Fig. ic to 
plexity of the branching pattern 


. structures mehat the one indicated i in the 








arbor. Occasion ly 
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-Figo 2 Reconstructions | of a 
axons from six. separate fetal 
ages: E38, E43, E48; E53, E358. o 
and E63. At each age, two rep- e 
resentative axons were chosen > 
‘to illustrate the extremes ins 

. morphology... Insets. accom- 
panying each pair of axons show 

. the location of the axons within 
the LGN as viewed in horizon- — 
tal section. Arrows in each inset W 
point in the anterior direction; 
medial is to the right, lateral to 
the left. All axons are drawn to 
the same scale (scale bar, 50. 
pm). Note gradual increase in 
complexity of arborization with 
age and presence of fine side 
branches along main axon 

trunk at E48 and E53. 








differential arrival aide maturation ofa axons sfrom retinal ganglion 
cells born at different times’ ™® or in the older fetuses, axons 
from different classes of retinal ganglion cells. 

At E38, axons have entered the nucleus and are extremely | 
simple in morphology. Each axon. has a delicate major trunk 
with one or two short side twigs. Even at this early age som 
axons traverse the entire extent of the nucleus, as shown in th 
upper left E38 inset of Fig. 2. At this and all other ages examined, 
axons exit from the optic tractin an orthogonal trajectory to 
enter the nucleus. At yi the afferents elongate further: ando 
acquire a number of nches along the main trunk. Atthe 
distal end, often sev: ong processes are grouped together to 
form what can be iden for the first time as a simple terminal 
also traverse the nucleus to extend 
A shown i in the E43 inset. The 
in a region that contains 
neurones e route to the LGN?” 












































beyond its med 
distal portion o 



















<- phology of the axons at E63 resembles tha 
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Fig. 3 An axon reconstructed from an E43 preparation to illus- 
trate the unusually unrestricted lateral extent of its arborization. 
Axons with such arbors were rare at every age, and this figure 
illustrates the most extreme example encountered in this study. 
Inset shows location of axon within the LGN. Scale bar, 50 um. 


During the next 5 days, the nucleus enlarges due to the arrival 


® of migrating cells and begins to undergo a displacement in the 


~ horizontal plane that is not complete until birth?. At the same 
time, as additional axons from the two eyes invade the LGN, 
overlap between the two sets of afferents reaches a maximum 
(see ref. 9, Fig. 13). In view of the extensive overlap present, 
many axons could have correspondingly widespread arboriz- 
ations along the whole length of their trajectory across the 
nucleus. However, axons examined at E48 did not arborize in 
this manner (Fig. 2). Rather, with the exception of a few short 
side twigs, branching was restricted to a simple terminal arboriz- 
ation. In addition, although more extensive than those seen at 
earlier ages, the terminal arbors were nevertheless restricted in 
width (in the plane of the layers) to 150-200 win. This restriction 
in width was seen at every age studied with only four exceptions 
(2/28 axons at E43 and 2/14 axons at E48). In each of these, 
the collaterals that issued from the main axon trunk were simple 
but extended laterally to occupy a territory ~300 um across. 
A reconstruction of the most laterally branched axon encoun- 
tered in this study is shown in Fig. 3. 
3» At E53, when overlap between the two sets of afferents is 
~ Still present, the pattern of arborization is more elaborate. In 
Fig. 2 side branches protrude from the main axon trunk 
everywhere giving the axon a hairy appearance. Since the two 
axons illustrated traverse the entire nucleus, suggesting that 
they originate from the contralateral eye, some of their side 
branches must also be located within ipsilateral eye territory. 
For the first time, the terminal arborization of many axons 
appears cylindrical in shape. This appearance is even more 
pronounced by E58, when the familiar laminar pattern of eye 
input can be recognized. Virtually all axons studied at this age 






have a clearly defined and extensive terminal arborization (Fig. 


2). However, the main axon trunk is smooth and almost devoid 
of the side branches that were so characteristic just 5 days 
earlier. These morphological changes seen between E53 and 
_E58 are consistent with the suggestion that the reduction in 
overlap leading to the segregated state is at least in part due to 
‘the retraction of the short side branches concurrent with the 
elaboration of an extensive terminal arborization on the same 
axon. Sige abe ae aa 
By E63, only small zones of overlap remain between the two 
sets of afferents along the interlaminar borders’. Accordingly, 
the terminal arborizations of individual axons ¢ 








either the contralateral or the ipsilateral eye. The overall mor- 
E58 but the 


f 


erminal arbor is further refined and elaborated 





into a plexu 
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the optic tract itself during fetal development!527, 


‘axons are restricted — 
chiefly to the LGN regions known to receive innervation from _ 



















of branches with swellings and varicosities on the finer p 
similar to those seen in the immediate postnatal perio 
These observations show that between E38 and- 
retinogeniculate axons undergo a progressive transforma 
from a simple, unbranched state to one in which the 
framework of the terminal arbor is established relatively early 








during prenatal development. Subsequently, a good deal 
further growth and maturation occurs within t 
framework so that relatively complex arbors are foun 
However, for the adult pattern of arborization to | 
this growth continues during postnatal life as. has been shown 

in recent studies, 157122, 2 De RE 

A major question considered here is whether the reduction _ 
in overlap of the two sets of afferents is accompanied, at the _ 
level of individual retinogeniculate axons, by a retraction of _ 
widespread arborizations across the nucleus, ‘Widespread 
branching followed by major retraction was not seen in our — 
material. On the contrary, during the period of overlap, - 
retinogeniculate arbors are relatively simple and the major — 
morphological correlates of the segregation process found in- 
the present study consist of the loss of the fine hairy side branches . 
along the length of the main axon and the further elaboration 
of the remaining terminal arborizations to give rise to the 
segregated laminar pattern of eye input. Thus, the develop- 
mental events leading from an initially intermixed state to the 
adult pattern of connectivity need not involve a large-scale 
retraction of widespread axon arbors. | 

Physiological evidence indicates that during the period of 
overlap individual LGN neurones situated within zones of ipsi- 
lateral input also receive functional synapses from the contra- 
lateral eye`?. It would be very interesting to know whether the 
side branches given off by contralateral axons coursing through 
this ipsilateral zone are indeed the source of these functional 
Synapses. Anatomical studies also indicate that during this 
developmental period, a substantial loss of retinal ganglion cell 
axons occurs within the optic nerve’***_ Although this loss of 
ganglion cell axons could contribute to the reduction in overlap 
between retinogeniculate afferents, our present results demon- — 
strate that axonal growth and retraction must also have a ma jor 
role in producing the laminated pattern of eye input. 

The course that individual axons take during this develop- 
mental period also has implications for the degree of topographic 
order present within the LGN. In the adult retinogeniculate 
system, afferents from the two eyes terminate in distinct layers, 
each layer containing a complete map of the visual hemifield 
from one eye. The position of each retinogeniculate axon within : 
a given LGN layer is therefore defined according both to its 
eye of origin and to the topographic map. In our material, the _ 
overwhelming majority of axons traverse the nucleus in straight 
trajectories aligned with the known lines of projection of the 
visual field in the adult LGN**, with very little lateral branching —__ 
in the orthogonal direction (within the plane of the layers). This 
observation suggests that even as early as E38 a significant _ 
degree of topographic order may be present in the retinal 
projection within the LGN. Order may even be present within 

hese co 
















siderations raise the possibility that axons from tl 
may grow into the nucleus in approximate topographi 
If so, an axon from one e 
topographic counte 
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A major obstacle to understanding the function and develop- 
ment of the vertebrate brain is the difficulty in monitoring 
dynamic patterns of electrical activity in the millesecond time 
domain; this has limited investigations of such phenomena as 
modular organization of functional units, seizure activities and 
spreading depression. The use of voltage-sensitive dyes'° and 
the recent development of the use of an array of photodiodes’ 
has provided a unique technique for monitoring the dynamic 
patterns of electrical activity in real time from a variety of 
invertebrate’ or vertebrate neuronal preparations” *° includ- 
ing the rat cortex’. In the present study, this technique has 
been used to investigate the intact optic tectum of the frog. We 
demonstrate that optical measurements can be used for real- 
time imaging of spatio-temporal patterns of neuronal responses 
and for identification of functional units evoked by natural visual 
stimuli. We report also the structure of the new voltage-sensitive 
probe that facilitates the in vivo applications of this technique. 
Staining solution (0.1-0.5 mg ml” 1) was applied topically to 
the optic tectum for 20-30 min. The tectum was then rinsed 
with amphibian Ringer's solution for 20 min. For testing the 


dyes, a 50-150-ms green light was flashed through a light guide 


onto one eye, while fluorescence signals were recorded from 


3 the contralateral tectum. Four styryl dyes*'* (out of 27 tested) 
- yielded large optical signals that could often be detected in a 


single sweep. Of these four, RH-414 (4-[4’-p-diethylamino- 
phenylbuta-1’,3’-dienyl]-y-triethylammonium-propyl pyridin- 
ium bromide), gave the best signal-to-noise ratio. The fractional 
4x 107°. The other three dyes (RH-160, RH-237 and RH-376)° 
stained the tectum more lightly, and gave somewhat smaller 
signals... espe o 











ce signals evoked in the tectum by a flash of 
Fig. 1a. The detected signals probably rep- 
on of several different classes of excitatory 
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aptic. responses in the tec- 
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Fig. 1 a, Fluorescence recording of naturally evoked responses 
in the frog tectum. Frogs (Rana ridibunda) were anaesthetized by 
bathing them in water containing 0.5 g I? tricane methanesulphon- 
ate (Sigma), then the dorsal lymph sac was injected with 0.1 mi 
tubocurarine chloride (0.7 mgm). A 54mm window in the 
skull was cut with a rongeur, and the dura membrane was removed 
with fine forceps. The tectum was stained with 0.5 mg mi~ + RH-414 
for 20 min. (The structure of RH-414 is shown at the top.) A Zeiss 
Universal microscope equipped with an epifluorescence illuminator 
and a 100 W tungsten-halogen lamp was used. The microscope 
x10 objective formed a real magnified image which was projected 
onto a 10 x 10 photodiode array (Centronix, London). The size of 
each diode was 1.4 x 1.4 mm. Each element received light from an 
area of 170 x 170 pm on the tectum. The output of the photodiodes 
was then amplified and stored in the computer memory (for more 
details see refs 7, 8). The output of 96 photodetectors is shown at 
their relative locations. Signal averaging was not used, but the data 
were smoothed by digital filtering. Stimulus: 150-ms light flash 
{shown at F) presented to the contralateral.eye. Slow noise due ae 
to vascular pulsation was reduced by triggering the data collection 
with the peak of the electrocardiogram and subtracting the result 
for the trial with the stimulus from the following trial without a 
stimulus. b, Comparison of optical intracellular population record- 
ing with the electrically recorded surface evoked potential. The 
two recordings were 700 pm apart. A silver ball electrode (200 pm 
diameter) and a high gain differential amplifier were used. Four 
trials were averaged. c, Depth of field resolution. Comparison 
between the output of a photodetector in two consecutive experi- 
ments at two different depths. The peak amplitudes of the two 
recordings were normalized. The bars at the left show the relative 
amplitudes of individual components of the signals recorded at a 
depth of 300 pm (thick trace, thick bars) and 150 jam (thin trace, 
thin bars). (When the experiments were repeated, identical results 
were obtained.) A X40 water immersion objective was used. 





tum!*!4 and possibly also glial depolarization. Figure 1b show 
the correspondence between individual components. of the 
fluorescence signal and the extracellularly recorded electrical 


# 


signal. The optical and electrical signals are expected to be 


different because they represent the s 
lular potential changes® and of extrace 
tively. However, the number of resol ks on the two types 
of recording is similar. (More complex visual stimuli, such as 
moving bars or annuli, evoked very complex spatio-temporal 
patterns of activity with up to 14 resolved peaks on many of | 


aperposition of intracel- _ 
irrent flow, respec- 











the fluorescence signals.) | 















ATURE VO 208 o tHe TROT NATURE =i a 


Fig. 2 Retino-tectal mapping by 
real-time imaging of neuronal 
activity. Same experimental condi- 
tions as for Pig. 1a..A 100-ms, 2-mm 
, diameter light spot was focused on 

~ the centre of a Tektronix 604 oscillo- 
scope screen positioned approxi- 
mately along the eye’s optic axis 
(17 cm away). The microscope field 
of view was adjusted until signals 
were detected (on two to four photo- 
detectors) at the centre of the micro- 
scope field (not shown). After map- 
ping the centre of the oscilloscope on 
the tectum, two light spots (10cm 
apart) were positioned on the screen 
in the time sequence shown at the 
bottom left-hand corner (LS). 
Fluorescence signals from 9x9 
photodetectors are shown. The 
largest signals (AF /F = 2x 1074-5 x 
10°“) were obtained in two well 
defined loci. The timing of each 
corresponds to the distinct light spot 
stimulus. Twenty trials were 
averaged. Focus depth: 300 ym 
below the surface. The bottom right- 
hand corner shows the evoked poten- 
tial ball electrode recording from the 
centre of the field (EP), performed 
after the optical experiments. It also 
shows that the amplitude of the 
second response is smaller as ob- 
served optically. (Electrical record- 
ings from five unstained preparations 
indicated that the activity in the 
second focus was always smaller. The 
origin of this long-range ‘inhibition’ 
has not yet been investigated.) For 
visualization of the spatio-temporal 
pattern of the evoked responses, we 
used a display processor®. The selec- 
ted two video frames at the bottom 
of the figure show the activity at two 
different times corresponding to the 











peak activity of each focus. The image of the preparation was omitted for clarity and is shown at the bottom left: ON, optic nerve; T, tectum, 
Four experiments gave identical results. When the stimulation sequence was reversed, a similar result was obtained but.the latency of the 


corresponding signals was reversed also. Individual spots on the screen also evoked activity at the appropriate locus. 






$ A striking structural feature of the amphibian optic tectum 
-is its laminar organization, which has facilitated laminar current 
source-density analysis'*!°. As shown in Fig. 1¢, the optically 
recorded response also varies with depth, as determined by 
simply changing the focal plane of the microscope. The origin 
of the shortest latency component appears to be deeper than 
the source of the second component, in agreement with the fact 
that retinal afferents having fast-conducting myelinated axons, 
terminate deeper than the slow-conducting non-myelinated 


axons'°. Thus, a laminar analysis of neuronal activity can be 


performed optically with a coarse resolution. Conventional 


microscopes do not provide good resolution of images in a thick 
preparation, thus the three-dimensional resolution of the optical 
signals is hampered also'!*!7_ However, there are several 
optical and mathematical means to achieve considerable 
_ improvement in the three-dimensional resolution of the optical 
#iechnique; their implementation is discussed elsewhere! 714, 

The retino-tectal connections possess a high degree of topo- 
graphical order’’, and a given stimulus in a portion of the field 
of view of the retina evokes a focus of excitation in a restricted 
area of the tectum. We tested the sensitivity and spatial resol- 


ution of the technique by presenting discrete and weak stimuli 
(that is, dim spots of light on a dark background) to diffe nt 
parts of the visual field. In the experiments illustrated in Fig. 
2, a stationary light spot (2mm diameter, 0.6° visual angle, 





100 ms duration) was first presented to the temporal visual field 











application of 1 mM bicuculline (a blocker of som 





of the right eye, and 210 ms later it was presented at a location _ 


10cm more nasally (a displacement of 26° of visual angle on- 
the retina). This displacement corresponds to a displacement in _ 
the focus of activity on the tectum of ~500 pm (ref. 19). As 
shown in the upper part of Fig. 2 (circled areas), this sequence 
of stimulation did in fact produce two localized sets of excitatory _ 
foci, separated by ~500 pm. The largest peaks in excitatory. 
foci were recorded over an area measuring ~340 pm X340 um. 
Because the size of a single terminal arborization of a retinal 
afferent has a diameter of 100-300 pm??”', this result suggests _ 
that the visual stimuli activated retinal -ganglion cells which 
terminate in a restricted region, and then excited mostly a small 
vertical column of tectal neurones. (However, smaller signals, 
of unidentified origin(s), were distributed over a large area of 
the tectum.) Se 
Anatomical investigations of intertectal connections”? suggest o 
that focal tectal excitation may spread over the whole tectum, ` 
but pretectal and intratectal inhibition shapes the size of the = 
excited vertical column. Therefore, inhibition should be detec 
at the border of the column. In five experiments we obse 
a negative-going deflection on the ‘intracellular’ op 
which followed the excitatory response and this wa 
nent in the medial-rostral side of the column (Fi 
























synapses) led to a considerable increase (up to 10-fole 
area of excitation, Suggesting that part of the negati 
responses may represent the proposed”? inhibit 

potentials. (Recurrent inhibitory potentials with : 












in vitro” by intracellular recording.) | 

Our results establish that optical signals can be readily record- 
ed from the intact frog brain in response to physiologically 
relevant stimuli. Further, the ‘intracellular population activity’ 
recorded optically is localized to its regions of origin, unlike 
~ extracellular field potentials, which may spread over variable 
distances determined by the flow of extracellular current. 
However, there are also difficulties that warrant discussion. 
Some pharmacological side effects may be expected wherever 
extrinsic probes are used*’”"”. With the four dyes we selected, 
the electrically recorded, visually evoked potential was similar 
before and after the staining, only if a low dye concentration 
was used. (Optical signals could be recorded at least 4h after 
staining.) The measurement is also quite sensitive to minor 
movements caused by pulsation or blood flow under the pig- 
mented pia mater. In preliminary experiments, this type of noise 
was totally eliminated by perfusing the frog with a laminar flow 
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~of saline through the aorta. Further improvements of these 


course have been recorded recently in the tectum in vivo” and 
difficulties have been discussed elsewhere?0?7?*. 











The advantages of the optical technique are first that it pro- 


vides real-time imaging of the ‘intracellular’ population activity -= 


at many loci simultaneously. Further improvements should 
facilitate three-dimensional imaging of the activity from the 
entire depth of the tectum (~600 um). Second, the present 
method has a major advantage over the 2-deoxyglucose 
method”* in that it permits many experiments to be carried out 
on the same live preparation. This technique has already been 
applied successfully to the investigation of the rat somatosensory 
cortex (ref. 25 and H. S. Orbach, L. B. Cohen and AG., 
manuscript in preparation). 
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Steroid hormones produce a response in target cells by binding 
to hormone-specific soluble receptors, which undergo a trans- 
formational change, leading to their interaction with chromatin 
and to modified gene expression. In a previous paper’, we 
described a monoclonal antibody, BF,, that specifically recog- 
nizes and binds the non-transformed ‘8S’ form of chicken 
oviduct progesterone receptor (8S-PR). We now show that BF, 
does not form an immune complex with the 4S transformed 
form of *H-progestin-labelled progesterone receptor, but does 
interact with the 8S non-transformed forms of the oestrogen, 
androgen and glucocorticosteroid receptors. Our results suggest 
that the antigenic determinant recognized by BF, is present on 
a non-hormone binding unit, which we identify as a polypeptide 
_of molecular weight (MW) 90,000 in the case of the pro- 
gesterone receptor, and that this unit is common to other 8S 
- non-transformed chicken steroid receptors. 
BF, was obtained after fusion of rat spleen cells, immunized 
with partially purified molybdate-stabilized 8S~PR, with mouse 
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with BF, (unlabelled or 35S) (Fig. 2b). 


We examined the interactions between BF, and PR after 
various stages of the two receptor purification procedures used 
(see Table 1, a and b). In the first procedure (Table 1, a), 
non-transformed 8S—-PR was purified by affinity chromatogra- 
phy in the presence of molybdate, and labelled with “H- 
progestin’. Its sedimentation coefficient shifted to 10S in 10- 
35% glycerol gradient ultracentrifugation following incubation 
with excess BF, (Fig. 1a); after exposure to an excess of PR, 
356-BF, was also recovered in the 9-10S region (Fig. 16). When 
the affinity gel eluate containing non-transformed 8S receptor 
labelled with *H-hormone was subsequently passed through a 
DEAE-Sephacel column in the absence of molybdate, “H-P-PR 
was eluted as a major peak at 0.25 M KCI. When this peak was _ 
incubated with an excess of BF, no displacement of tritium was 
observed, the bound tritiated ligand remaining 4S (Fig. 1a). 
However, when *°S-BF, was incubated with an excess of the 
0.25 M KCl eluate, the *°S-peak of the antibody was displaced 
from 7S to ~9-10S (Fig. 1b). These results suggested the 
presence of a non-ligand binding component in the non-trans- 
formed 8S-PR structure. 

During the second purification procedure (Table 1b), experi- 
ments were performed with crude cytosol in which PR was 
transformed by exposure to high salt concentration’. Crude 
cytosol prepared in the absence of molybdate was precipitated 
with 30% ammonium sulphate, labelled with *H-progestin and 
incubated with excess BF, or with a trace amount of *°S~BF,. 
Again, the peak of °°S radioactivity was found in the ~9S region, 
while the receptor-bound *H-steroid peak remained 4S (Fig. 
2a). Addition of a large amount of unlabelled BF, to the- 
incubation medium did not affect the 4S sedimentation“ 
coefficient of the bound tritiated progestin; the 9S *°S-peak was 
abolished and the *°S-radioactivity was recovered in the 7S 
region of the gradient (Fig. 2a). We checked that salt-induced _ 
transformation did not decrease the binding of “H-hormone to- 
the receptor, and then excluded the possibility of a preferential 
interaction of BF, with receptor having lost the ability to bind 
hormone. Finally, when the salt-transformed cytosol prepar- 
ation was directly loaded onto the affinity column, the °H- _ 
progestin-labelled eluate did not form any immune complex 
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Fig. 1 Density gradient sedimentation analysis of complexes of 
(anti-chick oviduct PR) BF, monoclonal antibody with purified 
chick oviduct PR. Samples of 0.2 pmol of 3H-P-labelled affinity 
chromatography eluate (see below) were incubated with 200 pl 
BF, (@—@), control myeloma cell culture medium (A---A) (a) 
or 25 pl *°S-BF, (O—O) (b); 1 pmol of 4S-PR-containing 
DEAE-~Sephacel eluate was incubated with 10 pl °°S-BF, (0-0) 
(b). a, The ~4S sedimentation profile (—) of 0.15 pmol of identi- 
cally °H-P labelled, 0.25 M KCI DEAE-Sephacel eluate, obtained 
in a parallel experiment, incubated with 200 pl BF,-containing 
ascitic fluid or control myeloma cell culture medium (not shown): 
both control and BF,-exposed samples gave an identical 4S peak. 
b, Sedimentation profile of *°S-BF, alone (—). Arrows indicate 
the sedimentation position of the internal standards. Sedimentation 
was from right to left. Other controls were carried out with unre- 
-lated rat immunoglobulin (as in experiment of Fig. 4, PR2). 
Methods: Cytosol prepared in TE-Mo (10 mM ‘Tris, 1.5 mM 
EDTA, 10% (v/v) glycerol, 12 mM i-thioglycerol, 20 mM 
Na,MoO,, pH 7.4 at 25°C) was loaded onto the NADAc- 
Sepharose affinity gel”. Receptor was eluted with 2 4M of the 
high-affinity progestin °H-ORG 2058 (specific activity 1.6 Ci per 
, mmol) (Amersham) and further incubated with 100nM °H- 





°H-P-PR were incubated with BF, monoclonal antibody, control 


myeloma cell culture medium (both partially purified by 50% 
ammonium. sulphate precipitation followed by DEAE-cellulose 
chromatography), or *°S-methionine-labelled BF, (ref. 1) for 5h 

in a final volume of 300 wl. Two hundred and fifty ul were layered 

on top of 10-35% glycerol gradients and run for 17 h at 220,000g 
in a SW60 rotor (Beckman). Sedimentation coefficients were 
determined according to Martin and Ames’? using horseradish 

- <y peroxidase (Sigma, type VI) (3.68) and fungal glucose oxidase 

E (Boehringer, Mannheim) (7.9$) as internal standards. 


Altogether, these data (summarized in Table 1) show 
_ heterogeneity in PR subunits and/or molecular species and 
anied by dis- 





_ Suggest that the transformation process is accompa 
_ Sociation of the receptor into two kinds of components: 


_ binds the hormone, can be purified by affinity chromatography | 
_. and does not form any detectable complex with BF, (refs 4 and 
3); the other is a non-progestin binding component that is 
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the procedure of Laemmli'®, and carried out 


detectable by interaction with BF,. Both appear associa 

the non-transformed. 8S-PR. oo 
<- _ The purified. 8S-PR contains a major protein, | 
' detectable by Coomassie blue” and silver staining* 
PAGE slab gels (previously its MW was reported a 





and it also includes*° the ‘A’ (MW ~79K) ; ir 
~110 K) PR components previously described’. V 
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Fig. 2 Density. gradient sedimentation analysis of. salt-trans- 
formed PR after incubation with BF, monoclonal antibody. 
Methods: Cytosol was prepared in the absence of molybdate. a, 
The 30% ammonium sulphate precipitate was labelled with °H- 
ORG 2058 (specific activity 42 Ci mmol™'). Samples were incu- 
bated with 200 yl BF, crude ascitic fluid (@—@) and with control 
myeloma cell culture medium (not shown): the two profiles were | 
superimposable; the samples were also incubated with *S-BF,in 
the absence (M—M) or presence ((---C) of 200 plof ascitic fluid. 
b, Cytosol was treated with 0.3 M KCl and loaded onto NADAc 
column’. Elution. was performed with 2 pM "H-ORG 2058 
(specific activity 14 Ci mmol™!), 0.2 pmol of H-ORG-PR affinity _ 
chromatography eluate were incubated with 20 pl ascitic fluid- 
(@-—-@) or control myeloma cell culture medium (O---O); 10 pl 
of *°S-BF, was centrifuged alone (not shown) or after incubation 
with 1.5 pmol of the. affinity chromatography eluate (WW); 
identical profiles were obtained. In both cases incubations were: 
performed at 0 °C for 5 h in a final volume of 250 ul. Two hundred: 
pl were layered onto a 5-20% sucrose gradient (a) or 10-35% 
glycerol gradient (b) containing 0.3 M KCl and run as described _ 
in legend of Fig. 1. eee ae 






Fig. 3 Immunoblotting of _ progesterone 
receptor with BF, monoclonal anti- 
body’®-'”. a, Total cytosol (100 jig protein). 
b, Purified molybdate-stabilized 8S-PR 
(0.5 wg). c, Affinity chromatography. puri- 
fied je PR (0.75 jg) (see also 
ref. 4). | 

Methods: Electrophoresis was performed in 
10% polyacrylamide slab gel according to 


at room temperature for 12h at 10 mA per. 
gel. After SDS-PAGE the proteins were 

_ transferred to nitrocellulose - filters 
(Schleicher and Schüll BA 85). These filters 
were then incubated with BF, monoclonal 
antibody diluted to 1-3 pg mI™'. A second 
!33l.labelled antibody (105-108 ¢.p.m. 
ml~*) was used to visualize the PR-antibody 
complexes. The filters were then placed for 
3 to 20 h at —80 °C with X-OMAT AR film 

(Kodak). 

















© Table 1 Interaction of monoclonal antibody BF, with different 





3H-progestin receptor Receptor form 


a 
8S 
8S 


I. Crude cytosol. Low salt and molybdate 

Il. Bioaffinity chromatography eluate 
(molybdate) a 

HI. lon-exchange chromatography (in absence of 

molybdate) 0.25 M KCI eluate 


4S 


b 
8S 
4S 
4S 


I. Crude cytosol. Low salt, no molybdate 

IL Ammonium sulphate precipitate 

Ill. Bioaffinity chromatography eluate of high salt 
cytosol. 





preparations of progesterone receptor at different steps of two purification 
procedures 


Immune complexes detected References 
by displacement of | 


3}-ligand receptor *5§--BF, 


+ + 
+ + 


Fig. 4a and ref, 1 
Fig. la and b 


=> + Fig. la and b 


Ref. 5 
a Fig. 2a 
Fig. 2b 


Immune complexes (+) were detected in ultracentrifugation analysis (as described in figures) by the shift of the sedimentation coefficient of either 
nes the “H-progestin receptor after incubation with an excess of unlabelled BF, or the 7°S-labelled BF, after exposure to an excess of PR. 
(*) Not tested. 
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is subsequently chromatographed on DEAE-Sephacel in the 


absence of molybdate, the 0.25 M KCI peak contains both the 
‘B’ and the 90K MW proteins’. Immunoblots of SDS-PAGE 
gels (Fig. 3) were performed with BF,. A single band at MW 
90K. was visualized by the second (’**I-labelled) antibody with 
crude cytosol (lane a) and with the purified molybdate-stabilized 


_ 8S-PR (lane b). No band was visualized in purified PR, which 


ad 


a (la 


been transformed prior to the affinity chromatography step 
Tene Oy ace np nee He ne ee E 
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Fig. 4 Reactivity of BF, monoclonal antibody with non-transformed 
and transformed forms of progesterone (PR), androgen (AR), glucocor- 
ticosteroid (GR) and oestrogen (ER) receptors from chick oviduct. 
Methods: Cytosol containing molybdate~-stabilized, non-transformed 
form of PR was prepared as described. Molybdate-stabilized, non- 
transformed forms of androgen and glucocorticosteroid receptors from 
cytosol prepared in TE-Mo buffer were incubated with 9nM 3H-dihy- 
drotestosterone (DHT) (specific activity 109 Ci mmol” 1) in the presence 
of 30nM deoxycorticosterone (Sigma) or 40 nM. 4H-dexamethasone 
(specific activity 89 Ci mmol™’) in the presence of P 40 nM (Roussel- 
Uclaf) overnight at 4°C. Both of the radioactive steroids were from 
Amersham, UK. Binding activities were respectively 2 nM for the AR 
and 10 nM for the GR as measured after removal of excess unbound 
steroid with the above described charcoal~dextran procedure (see 
legend to Fig. 1). The low salt cytosoluble fraction of chick oviduct 
homogenates containing non-transformed form of ER was prepared in 
phosphate-glycero! buffer (5 mM sodium phosphate, 10% glycerol, 
1 mM dithiothreitol, 0.5 mM EDTA, 20 mM sodium molybdate, pH 7.4 
at 23 °C). The transformed form was prepared in the same buffer without 
molybdate and treated for 30 min at 28°C. After labelling at 0°C for 
4h with 10nM °H-oestradiol (E) (specific activity 95 Ci mmol™*) 
(Amersham) in the presence or absence of a 200-fold excess of unlabel- 
led E (Roussel-Uclaf), specific-binding activity was 0.7 nM, as measured 
after exposure to dextran-coated charcoal. °H-P (0.2 pmol), H-DHT 
(0.3 pmol) and °H-dexamethasone (0.3 pmol) labelled receptors (PR1, 
AR, GR) were incubated with partially purified BF, monoclonal anti- 
body from ascitic fluid or control myeloma cell culture medium (300 yl) ae 
for Sh at 4°C in a final volume of 500 pl. Non-transformed and — 
transformed forms of 7H-E-ER (0.07 pmol) were incubated with BF, 
or control medium (150 pl) in a final volume of 250 pl. Two hundred 
pl were layered on top of 10-35% glycerol (PR) or 5-20% sucrose 
(other receptors) gradients in homogenization buffer and run as 
described above (see legend of Fig. 1). Sedimentation profile of `H- 
steroid-labelled receptor in the presence of BF, (@—@) or control 
medium (O---O) in low-salt gradient containing. molybdate (a) or 
high-salt gradient containing 0.5M KCI (b). Another control with 
progesterone receptor (PR2) is. shown: PR was incubated with BF, 
(@—@) or total non-immune rat IgGs (50 pg) (O---O), in control 
culture medium, again in low salt (a) and in high salt (b); the data were 
similar for AR and GR (data not shown). Bound tritiated ligand 
sedimenting in the 4S region of gradients shown in a can be explained 
either by non-specific interactions (partially decreased when cytosol was 
incubated with 7H-ligand in the presence of unlabelled hormone) or _ 
partial transformation of the receptors upon incubation with antibodies _ an 
or during the centrifugation’. “> 











According to previous reports from this laboratory” and from 
Puri et al®, the specific-binding activity of highly purified — 
non-transformed molybdate-stabilized 8S-PR suggested that 
the 90K protein binds progesterone. Since we find by protein _ 
blotting that the 90K peptide is BF, positive, the most likely — 
explanation for the contradiction is that the specific activity data. 
reported? were in error; this may be due to imprecision in - 
measuring proteins in very small amounts and/or to low sensitiv- 
ity of Coomassie blue staining of PAGE discs. In any case several 
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facts argue against the possibility that the 8S-PR could be an 

artefact due to accidental association of the BF,-positive 90K 

protein with the progestin-binding polypeptides A and/or B in 

nolyt containing medium. First, the 8S~PR is also 

‘epared in the absence of molybdate, and, 

BF,, the sedimentation coefficient of PR 

. Second, in the presence of molybdate, 

exposure to high salt (up to 0.75 M KCD 
on up to 2.5 Me 












_ low salt, moh 









to the affinity chromatography step, no 90K protein (and neither 


of course the A and B subunits) were found in the subsequent 


eluate; this indicated that the presence of the 90K protein in 
the affinity eluate depends on 8S~PR binding to the steroidal 
ligand of the affinity matrix". In summary, even if available data 
do not yet permit the determination of the stoichiometry 
between hormone-binding and non-binding components, the 
results indicate that the PR in its non-transformed 8S form 
contains at least one hormone binding unit (A and/or B) and 
one non-progesterone binding component (BF,-positive-90K). 
Finally we studied the interaction of BF, with other steroid 
receptors of the chick oviduct cytosol. Preliminary results indi- 
cated the cross-reaction of BF, with the glucocorticosteroid 
receptor in its molybdate-stabilized 8S form!°. Similar results 
have also been obtained with androgen and oestrogen receptors, 
_ labelled with their specific hormone in the molybdate containing 
* chick oviduct cytosol (Fig. 4a). As with PR, no interaction was 
detectable between BF, and the tritiated ligand binding 4S forms 
of these receptors (Fig. 46). These findings suggest that there 
is a common antigenic determinant involved in the structure of 
several non-transformed steroid hormone receptors. 

The possibility that a non-hormone binding component is 
involved in the non-transformed steroid receptor structure has 
already been suggested!''*, Detailed understanding of steroid 
hormone receptor function is far from being elucidated, and the 

¿> discovery of a feature common to different steroid hormone 
receptors may be of importance. 

_ We thank C. Geynet for chick oviduct oestradiol receptor, 
L. Edelman for ascitic fluid and F. Boussac and M, Rossillon 
for typing the manuscript. 

Note added in proof: Recent papers'®° have demonstrated the 

nuclear localization of oestrogen receptor in absence of hor- 

mone. We have confirmed a nuclear localization of both pro- 

gesterone- and non~progesterone-binding PR subunits, as detec- 

ted by specific polyclonal anti-B and. monoclonal anti-90 K 
Mp tibodies, both in the presence and in the absence of progestin. 
~The 90K protein is also detected in the cytoplasm, the 90K 
protein, but no cytoplasmic progesterone-binding subunits were 
found?!:?2, 
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containing cytosol was incubated with 2 uM rogesterone prior «— 


exogenous FeLV (ref. 8 and Fig. 1c). 
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The molecular mechanism by which feline leukaemia virus _ 
(FeLV) induces lymphoid malignancy in domestic cats is largely 
unknown’. Using the insertional activation model of c-mycby _ 
avian leukosis virus in the induction of bursal lymphoma in _ 
chickens’, we have now characterized the c-myc locus in feline 
tissues and investigated the possibility that FeLV may also insert 
within feline c-myc. We used the 1.5 kilobase (kb) PstI fragment 
of MC29 v-myc in Southern blot analysis to characterize the 
structure of the c-myc locus in the DNA of 31 naturally occurr- 
ing feline lymphomas. Analysis of a cloned c-myc gene from 
one lymphoma demonstrated that sequences homologous to _ 
v-myc occupy 2.6 kb of feline DNA in which a putative intron 

of 0.5 kb separates sequences homologous to the 5’ and 3 exons 
represented in avian v-myc**. We also observed in the DNA 

of this lymphoma tumour-specific fragments homologous to 
v-myc. Characterization of these molecularly cloned. myc- 
hybridizing fragments revealed the presence of at least two 
identical FeLV proviruses 5.5 kb in length, each containing long 
terminal repeats enclosing a spliced version of the feline myc > 
gene. 

The sequence arrangement of the feline c-myc locus was 
examined by Southern blot analysis® of DNA from 25 FeLV- 
positive and 6 FeL.V-negative pathologically characterized, 
naturally occurring feline lymphomas and corresponding normal 
tissues. Hybridization to Southern blots with a radiolabelled 
1.5-kb PstI fragment of cloned v-myc DNA’ revealed feline 
¢-myc to be complex—comprised of a large number of DNA. | 
fragments which hybridize to v- myc with varying intensities (Fig, 
la). We readily identified numerous restriction enzyme poly- 
morphisms and allelic variations, one of which is shown in both 
homozygous (Fig. 1a, lanes 2, 3) and heterozygous (Fig. la, 
lanes 1, 4, 5) states. Hybridization to Southern biots with the 
radiolabelled 3' PstI~Sall fragment of v-m yc, a region which 
corresponds to the 3’ exon of avian c-myc**, demonstrates that 
only a single fragment in HindIII-, EcoRI-, or Kpni-digested 
normal feline DNA contains the 3' exon of feline c-myc (Fig. 
1b). The 5’ c-myc exon exists on the same DNA fragment, as 
evidenced by hybridization to the 5‘ Pstl—Sall fragment of v-myc 
(data not shown). The numerous additional fragments 
homologous to v-myc ( Fig. 1a) represent sequences having 
homology only to the 5’ PstI-Sall fragment of v-myc. | 

The organization of feline c-myc observed in 30tumourDNAs 
does not differ significantly among the tumours nor from the > 
pattern observed in unaffected tissues of the same animals (Fig: 
la). Restriction enzyme polymorphisms appear as fragments of — 
altered molecular weight in some animals, but their appearance — 
is not tumour-specific (data not shown). However, in the DNA - 
from a thymic lymphoma of a single animal (cat 1110), addi- 
tional fragments homologous to the 3’ v- myc probe appear after 
digestion with EcoRI, HindIII or KpnI which do not appear in 
DNA from normal kidney and spleen of the same animal (Fig, 
1b). Cat 1110 was diagnosed serologically as FeLV-p 
and the tumour is observed to contain four mi 
integrated proviruses by hybridization with a probe ‘Spex 



























ł Present addresses: Department of Microbiology and Immunology, Tulane Unis 
of Medicine, 1430 Tulane Avenue, New Orleans, Louisiana 70112, USA {i 


a provirus d 





Fig. 1 Identification of sequences homologous to v-myc (a, b) or to FeLV (c) in DNA from tumour and normal feline tissues examined by 
Southern blot analysis®. 
Methods: High molecular weight feline DNA (5 pg) was digested with the indicated restriction endonuclease, fractionated on a 1% agarose 
gel and transferred to nitrocellulose paper. The filters were hybridized with **P-labelled probes (1-2 X 10° c.p.m. »g”') and washed as described 
previously”. Hybridization signals were visualized by autoradiography for 3 days at -80°C using Kodak XRP film with 1 Dupont Cronex 
Lightning-Plus intensifying screen. Molecular length standards, a HindIll digest of A DNA and a Haelll digest of X174 DNA, were 


electrophoresed in parallel and are indicated in kilobase pairs (kb). a, 


DNA samples from a normal kidney, cat 942 (lane 1), a normal 


mesenteric lymph node, cat 1103 (lane 2), a tumorous mesenteric lymph node, cat 1100 (lane 3), a tumorous mesenteric lymph node, cat 

1465 (lane 4), and a normal mesenteric lymph node, cat 1005 (lane 5), were digested with the restriction endonuclease EcoRI and hybridized 

to the radiolabelled PstI fragment of molecularly cloned v-myc (ref. 7). b, DNA samples from a thymic lymphoma (lanes 1, 4, 7), uninvolved 

spleen (lanes 2, 5, 8), and uninvolved kidney (lanes 3, 6, 9) of cat 1110 were digested with the restriction endonucleases Hindlll (lanes 1-3), 

EcoRI (lanes 4-6), or KpnI (lanes 7-9) and hybridized to the radiolabelled 3’ PstI-Sall fragment of molecularly cloned v-myc (ref. 7). ¢, 

DNA from a thymic lymphoma of cat 1110 was digested with the restriction endonuclease Kpn] and hybridized to the radiolabelled FeLV-U3 
probe specific for horizontally acquired FeLV (ref. 8). . 


We wished to characterize in detail the normal c-myc locus 
and the additional tumour-specific fragments which hybridize 
to myc in cat 1110. To accomplish this, tumour 1110 DNA was 
cloned in the bacteriophage vector, EMBL4 (ref. 9). We used 
the radiolabelled 3’ v-myc probe to screen eight genome 
equivalents (1.5 X 10° recombinants) by in situ plaque hybridiz- 
ation'’. Eighteen recombinants containing feline DNA inserts 
homologous to 3’ v-myc were identified. Examination of these 
by in situ plaque hybridization’® using the Fel V-U3 probe, 
specific for exogenously acquired FeLV (ref. 8), revealed that 
nine recombinants also contain sequences homologous to FeLV. 
Three clones containing both FeLV and myc homology and 
four clones with only myc homology were amplified individually 
for detailed analysis. 

Restriction enzyme mapping of a recombinant with only myc 
homology (Fig. 2a) localizes feline c-myc to a 2.6-kb EcoRI- 
Saci fragment in which the sequences homologous to the 5’ and 
3' exons of avian c-myc** are separated in feline DNA by a 
0.5-kb BamHI-Kpnl fragment. Southern blot analysis of nor- 
mal feline DNA digested with BamHI or Saci (data not 
shown) demonstrates that fragments homologous to the 5’ and 
3’ v-myc probes are of the sizes predicted by the map of feline 
c-myc, 7 

Restriction enzyme site mapping of recombinants containing 
homology to myc and FeLV demonstrates that a 5-kb Kpnl 
fragment contains sequences homologous to both probes (Fig. 
2b). Further, hybridization with the FeLV-U3 probe? and a 
probe specific for the entire FeLV long terminal repeat (LT R) 
identifies at both ends of the §-kb fragment an LTR which 
contains a recognition site for Kpni. Thus, the sequences 
homologous to v-myc in these recombinants are localized within 

ican defit: eLV LTRs. pee 








flanking the proviruses contained in A107 and A115 demon- 


Recognition sites for the restriction enzymes Kpnl, Hindili, 
EcoRI, BamHI, SacI and Salli were positioned in two recom- 
binants containing complete myc-FeLV proviruses (Fig. 26; 
4107, A115) and in a recombinant containing a provirus trun- 
cated in cloning (Fig. 2b; A103). The additional myc- hybridizing. 
fragments apparent on Southern blots of tumour 11 10 DNA 
when digested with these enzymes (Fig. 16), are of the sizes 
predicted by the restriction enzyme site maps shown (Fig. 2b). 
The 5-kb KpnI fragment in tumour DNA (Fig. 1b, lane 7) 
represents the length of the defective provirus, which contains 
recognition sites for KpnI in the LTR, but not internally (Fig. 
2b, 4107). Digestion of tumour DNA with HindIll yields two 
additional myc-hybridizing fragments of 5.4 kb and 6.9 kb (Fig. 
1b, lane 1) which can be accounted for in recombinants A115 
and A107, respectively (Fig. 2b). Tumour-specific myc hybridiz- 
ing fragments revealed by digestion with BamHI measure 15 kb 
and 8.6 kb (data not shown), which can be accounted for by 
A107 and A115 (Fig. 2b). A single anomalous Sacl fragment, 
7 kb in length, appears in tumour DNA (data not shown) and 
also in A107 (Fig. 2b). However, A115 contains a Saci fragment 
homologous to myc of length 5.4 kb (Fig. 2b) which is not. 
observed as tumour-specific because it co-migrates with a no Bn S 
mal c-myc fragment (Fig. 2a). Digestion of tumour 1110 DNA 
with EcoRI generates a fragment 4.2 kb in length (Fig. 1b, lane 
4), which appears in recombinants A107 and A115 (Fig. 2b). 
Fragments of sizes 9 and 12 kb appear in tumour DNA digested — 
with EcoRI whereas a single fragment of 11 kb appears in this 
size range in DNA from uninvolved tissues (Fig. 16, lanes 5, 
6). The nature of the event which. results in two fragments of 
this size in tumour DNA is under investigation. 
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Fig. 2 Structure of recombinant phage clones containing feline 
c-myc (a) or myc-FeLV provirus (b). Total DNA from a FeLV- 
infected thymic lymphoma (cat 1110) was partially digested with 
Mbol, size fractionated, ligated into BamHI-digested EMBL 4 (ref, 
9) and packaged in vitro (ref. 21). Recombinant phage were 
screened with the 3! PstI-Sall fragment of molecularly cloned 
v-myc (ref. 7) by in situ plaque hybridization. (ref. 10). The. 
transcriptional orientation of c-myc was determined by using as 
probes the 5’ and 3’ PstI-Sall fragments of molecularly cloned 
v-myc (ref. 7). The presence and organization of FeLV sequences 
were determined by using as probes a molecularly cloned FeLV 
LTR, the U3 region of the FeLV LTR, and a complete FeLV 
provirus (ref. 8). Hlustrated are the feline DNA insertions bounded 
by EcoRI recognition sites contained in the bacteriophage vector”, 
Each region demarcated by a box represents a FeLV LTR. Arrows 
indicate the 5’ to 3’ direction of transcription. B, BamHI; E, 
EcoRI; H, Hindlll; K, Kpni; SI, Sacly Sal, Sall. 





- acquisition of the defective provirus. | | 
The 8-kb BamHI fragment containing a full length myc-Fel.V 


provirus was subcloned from A115 (Fig. 2b) into the plasmid. 
- pBR325 (ref. 11). A restriction enzyme site map of this fragment | 
EcoRI fragment _ 


localizes the myc homology to a 1.1-kb PstI- 
.. positioned 2 kb from the KpnI site in the 5’ LTR 
transcriptional orientation of myc, determined using 
5’ and 3’ v-myc individually, is the same as that of the provirus. 
The 0.5-kb intron in feline c-myc, defined by the presence of 
the restriction sites BamHI, Saci and KpnI (Fig. 2a), does not 
appear in the myc-FeLV provirus. 
: The structure of the remaining FeLV DNA resembles that 
f the Gardner-Arnstein (G-A) strain??, particularly because 
-the enzymes KpnI and Smal separate the U3 and U5 regions 
_ of the LTR in myc-FeLV (Fig. 3) and in G-A FeLV (ref. 13). 








_. Further, the recognition sites for Sacl, -Bgll, Smal and Bgu 
in the S’ region of the myc-FeLV proviruses are exactly as. 





 feported from restriction enzyme analysis of G-A FeLV ( 
-~ 13), and the Sacll site in the envelope region was identified 
_ nucleotide sequencing of G-A FeLV (ref. 14), ‘However, 
LTR of the myc- 





Sali in the U3 region 






ihe appeared as a structural an 
ing probes for or 
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(Fig. 3) which does not appear in any ore 
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Fig. 3 Structure of the 8-kb BamHI fragment isolated from the 


recombinant phage clone, 115 (Fig. 2b). DNA from 115 was 


digested with BamHI and ligated into BamHi-digested pBR325 
(ref. 11). A recombinant plasmid containing the 8-kb fragment 
was designated pBam8. The arrangement of myc sequences waso 
determined by using as probes the 5' and 3’ Psti-Sall fragments ae 
of molecularly cloned ‘vemyc (ref. 7). The organization of FeLV 
sequences was determined by using as probes a molecularly cloned 
FeLV LTR, the U3 region of the FeLV LTR, and a complete 
FeLV provirus (ref. 8). Each region demarcated by a box rep- < 
resents a FeV LTR. The arrow indicates the 5’ to 3° direction of = 
transcription for the myc-FeLV provirus, B, BamHI: Bel, Bell; = 
Bell, Bgill; E, EcoRI; HU, Hindll; H, Hindli; K; Kpnl;P, Pstl; 
SI, Sacl; SH, Sactl; Sal, Sall: Sm, Smal. tae 


known isolate of FeLV (ref, 15). The LTR of myc-FeLV also 
contains a recognition site for Hindll in the U3 region (Fig. 3), 
a site whose presence distinguishes horizontally acquired from 
endogenous FeLV (ref. 15). | oe 
__ The identification of the myc-FeLV provirus ina thymic 
lymphoma (tumour 1110) is significant because it indicates that 
a retrovirally transduced myc sequence is involved in the induc- 
tion of a feline tumour, a possibility not previously considered. 
The presence of myc-FeLV in lymphoid tumours is a rare event, 
observed in 1 of 31 tumours examined: however, the frequency 
may not be unexpected in light of the heterogeneity of the — 
tumours examined. In fact, only four of the tumours represent 
thymic lymphomas. Two other FeLV myc-containing viruses ` 
have been identified independently (J. Neil and J. Mullins, 
personal communications), | 

FeLV is unusually promiscuous in its interactions with 
oncogenes, previously reported to have transduced the sequen- 
ces fes (ref. 16), fms (ref. 17), far (ref. 18), sis (ref: 19) and- 
abl (ref. 20) in isolates from naturally occurring tumours. The 
isolation of a myc-FeLV provirus reported here is unique among 
these in two respects. First, the myc-FeLV provirus was iden- 
tified from a tumour of haematopoietic origin, while the other 
defective feline strains, collectively referred to as feline sarcoma 


__ Viruses (FeSV), were isolated from fibrosarcomas!®2°. More 


importantly, whereas the FeSV isolates were identified by virtue 
/ provirus was identific 
eae omaly during a broad su 
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ho 
the molecularly cloned myc-FeLV provirus (pB g. 
does not have the capacity to transform NIH 3T3 cel ilt 
(S. Caradonna, personal commünication). oe 
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Feline leukaemia virus (FeLV) is epidemiologically associated 
with induction of the majority of lymphoid tumours of the 
domestic cat’. However, about one-third of these tumours are 
devoid of exogenous virus or show evidence of virus integration 
only after tumour outgrowth”. To help define the genetic 
mechanisms of feline lymphomagenesis we have explored here 
the possibility that cellular oncogenes (c-onc genes) are re- 
arranged in tumour cell DNA. Of 16 FeLV-positive T-cell 
tumours among 31 naturally occurring lymphomas, 2 showed 
evidence of recombinant FeLV proviruses containing myc 
oncogene sequences. One of the two produced a transmissible 
myc-containing FeLV. In both cases c-myc and its surrounding 
DNA appeared unaltered. We believe that the association of 
myc with FeLV may result in its activation and play a part in 
the development of a significant fraction of cat T-cell lym- 
phomas, Our findings contrast with studies of experimental 
induction of chicken lymphoma, in which myc activation occurs 
by retrovirus promoter insertion near c-myc (refs 3~5), rather 
than by incorporation into virus. 

Twenty-one tumours (16 T-cell, 1 B-cell, 4 mixed cell or 
unclassified) were found to be virus positive and 10 (3 T-cell, 
4 B-cell, 3 mixed cell or unclassified) as virus negative by 
hybridization with an exogenous FeLV specific probe (exU3)*°. 
Tumour DNAs were probed with up to 11 viral oncogenes, 
namely myc, src, erb, myb, sis, abl, mos, fes, fms, ras" and ras“. 
Clear evidence for alterations in hybridization pattern was detec- 
ted in two tumours, each involving the myc oncogene. 

For detailed analysis of these two tumours we used probes 
derived from the feline c-myc locus after cloning this region 
from normal cat DNA in the new bacteriophage A vector (J1) 
described in the legend to Fig. 1. The probes designated BBC 
and HBE (Fig. 1) were subcloned from regions corresponding 
to the two v-myc homologous regions (exons) from the c-myc 
locus. A third probe, HRD, was dervied from a single-copy 
DNA sequence located 6 kilobases (kb)5’ to the exon sequences. 

Cleavage of control cat cellular DNA with KpnI and hybridiz- 
ation with the HRD probe results in detection of a 8.7-kb band 
encompassing the 5’ portion of the c-myc locus (Fig. 1). The 
BBC probe spans a Kpnl site and detects the same 8.7-kb Kpnl 
band as well as a slightly larger, 8.8-kb band extending through 
the A portion of the locus. The HBE probe detects only the 3’ 
band. ae 









Cleavage of DNA from the FeLV-positive thymic leukaemia- 
rived cell line F 
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Fig. 1 myc sequences in the F422 cell line. a, Three identical 
nitrocellulose filters were hybridized with probes derived from the 
feline c-myc locus described below. Each panel consists of F422 
passage 45 DNA (lanes 1, 3) and control DNA (derived from 
specific pathogen-free cat lymph node; lanes 2, 4). Before elec- 
trophoresis, DNAs in lanes 1 and 2 were digested with KpnI and 
in lanes 3 and 4 with HindIII. Molecular weight (MW) marker 
sizes are given in kilobase pairs on the right. The lower part of 
the figure depicts the restriction map of the molecularly cloned 
feline c-myc locus and the origin of the probes used in the upper 
panels. Fragments marked with (x) symbols contains sequences 
highly reiterated in the cat genome. The hatched boxes correspond 
to regions of homology to the chicken v-myc gene*®, The orienta- 
tion of DNA relative to the v-myc coding sequence are 5’ to 3 
going from left to right. The restriction site designations are 
abbreviated as follows: R, EcoRI, $2, Srcll; B, BamHI; H, 
Hindlll; K, Kpni; B2, Belll; S, Smal. The positions of additional 
Sacli and Smal sites outside the immediate region of v-myc 
homology were not mapped. 

Methods: a, 7.5 pg of total cellular DNA was digested with the 
enzymes indicated, electrophoresed, transferred to nitrocellulose 
and hybridized with >P-nick-translated probes in the presence of 
10% dextran sulphate and 50% formamide and processed as 
described previously’. b, SPF cat lymph node DNA was partially 
digested with Mbol and fragments separated according to size then 
ligated with vector, packaged in vitro and the resultant library 


screened with v-myc using protocols described previously". The 





vector used was AJ1, a derivative of bacteriophage AL47.1 (ref. 
29) created by substitution of 95 base pairs of the synthetic poly- 
linker of +VX (ref. 30) (containing the restriction sites EcoRI, 
Clal, Hindili, Xbal, Bglll, Pst] and BamHI) for the 2.0- and 
4.3 kb EcoRI- BamHI fragments of AL47.1. A J1 is used for cloning 
Mbol, BamHI, EcoRI, Hindili, Xbal, BglII and Bcli fragments 
8-24 kb in length and Xhol and Sall fragments 2-18 kb in length. 
Two overlapping molecular clones (ASPF 61 and 62) were mapped 
for: restriction sites*’, positions of highly reiterated sequences 
using normal cat DNA as probe”, and v-myc homology. The 
fragments indicated below the composite map were subcloned into 
the plasmid pUC8 (ref. 31) after digestion with HindIH and EcoRI, 
(pSPF61-HRD); BamHI (pSPF62- BBC); or HindIH and BamHI 
(pSPF 63-HBE). Plasmid inserts were gel purified”? before use as 
probe. 


either BBC or HBE probes results in detection of a major new - 
3.2-kb band and a minor new 4.1-kb band in addition to thi aa, 
expected pattern. This suggests that the KpnI site between the 


two exons was lost and that new Kpnl sites are introduced, 
closely flanking the exons. When the HRD probe is used, no 


evidence of c-myc rearrangement is detected. Thus the new 


myc exon sequences appear to reside at chromosomal loci 
distinct from that of c-myc. p 

Hin diti digestion of control cat DNA results ma 10.3-kb 
fragment which encompasses all three probe fragments (Fig. 1). 
This band is detected by each probe in F422 DNA; however, 


the BBC and HBE exon probes also detect several new bands. 
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Fig. 2 Genomic DNA analysis of 
F422 virus-infected and uninfected 
mink lung cell line DNA. Lane 1 is 
uninfected mink. lung cell DNA, 
digested with KpnI and probed with 
BBC. Lanes 2 and 3 are F422 virus 
_ infected mink lung cell DNA digested 
with Kpn] and probed with BBC (lane 
2) or exU3 (1 olecular weight 
markers are as in Fig. 1. 
Methods: The F422 virus infected cell 
line was created by feeding a freshly 
plated subconfluent monolayer of 
mink lung fibroblasts with 6-h old 
F422 (high passage) cell supernatant 
which had been passed through a 0.22- 
pm filter. Thereafter, cells were fed 
twice a week with fresh media and 
passaged once a week, Production of 
extracellular reverse transcriptase was 
detected after 4 weeks?” and DNA 
extracted and analysed. The 
autoradiograms shown in lanes 2 and 
3 are from a single nitrocellulose filter 
initially hybridized with the BBC 
probe. Bound probe was then removed 
by incubation of the filter at 70 °C for 
30 min in 50% formamide, 0.015 M 
sodium chloride, 0.0015M sodium 
citrate, 0.1% sodium lauroyl sarkosine and 0.05% sodium 
pyrophosphate. The filter was then prehybridized and hybridized 
with the exU3 probe as described in Fig. 1 legend. 
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The HRD probe again fails to detect any rearrangement of the 
c-myc locus, thus supporting our previous conclusion that the 
additional myc exon sequences reside at new locations. 

The new HindIII fragments detected with HBE and BBC 
probes appear to be of less than single-copy intensity (Fig. 1), 
suggesting that different myc exon arrangements occur within 
subpopulations that were present in the cell line at early passage 
(passage 45). Examination of F422 cells at later passages con- 
firms the heterogeneity of position of the new exon bands with 
one or two patterns predominating at high passage (data not 
shown). 

We considered the possibility that the new myc sequences 
occur as a result of transduction by FeLV. However, it was not 


not shown). To test the hypothesis that the new myc sequences 
FeLV provirus, we 
exposed mink lung cells to a cell-free supernatant from F422 
cells and monitored the cells 4 weeks later for the presence of 
exogenous FeLV and myc cross-reactive sequences (Fig. 2). As 
predicted by the transduction hypothesis, new myc cross-reac- 
tive bands were detected, each of which hybridized to the 
exogenous FeLV specific probe exU3 (ref. 6), Nearly ail 
oncogene-containing retroviruses capture cellular genetic infor- 
mation at the expense of viral genes required for replication 
and as a result are horizontally transmitted only in the presence 
of an excess of replication competent helper virus®. The relative 
intensity of exU3-homologous bands in mink lung cells indicates 
at the myc-containing recombinant virus from F422 cells 
“orresponds to a minor population of FeLV proviruses, as 
expected for a replication-defective virus. : 
Alteration to myc was also detected in a tumour mass taken 
directly from a pet cat with a thymic lymphoma (Fig. 3). As in 
the case of the F422 recombinant virus, the novel myc sequences 
appeared to be incorporated into an FeLV provirus, since KpnI. 





digestion to tumour DNA resulted in a new, 2.5-kb band which 


hybridized with both HBE and BBC probes; and once again 
. the HRD probe failed to detect rearrangement at the c-myc 
locus. or a. 


studied by us and by Neil et al.'5 and Levy et al 6, includ 


into the FeLV genome, and only one example where c-myc ha 
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Fig. 3 Analysis of pet cat 80-15467 tumour DNA. Each sample 
was digested with KpnI before electrophoresis. Lanes 1,2,4 and 6 
contain chest tumour DNA from pet cat 80-15467. Lanes 3 and 
5 contain control DNA as described in the legend to Fig. 1. The 
autoradiograms shown in lanes 1 and 2 are from a single nitrocel- 
lulose filter hybridized with BBC, the probe removed as described 
in the legend to Fig, 2 and then hybridized with exU3, Lanes 3 
and 4 and lanes 5 and 6 were hybridized with the HBE and HRD 
probes respectively. 


The viral exU3 probe hybridizes specifically to horizontally 
transmissible FeLV long terminal repeat (LTR) sequences 5’ 
to the KpnI site found in each LTR (refs 2, 6). Therefore the 
finding that this probe also hybridizes to the novel myc band 
in the pet cat tumour demonstrates that myc sequences are 
found adjacent and 5’ to a viral LTR, as expected for a recom- 
binant virus with an oncogene inserted near the 3’ end. 

Activation of c-myc oncogene sequences has been detected 
in retrovirus-induced B-cell lymphomas of chickens", and in 
a minority of rat thymomas induced by murine leukaemia virus’. 
c-myc alterations have also been detected in tumours without 
known retrovirus involvement, including mouse T-cell 
tumours’’, mouse plasmacytomas!!!? and Burkitt lymphomas 
of humans’’. Avian retroviruses which have transduced the m ye 
gene are capable of efficiently inducing myelocytomatosis'?, 
T-cell lymphomas"*, and sarcomas and carcinomas in chickens, 
and of transforming fibroblasts, myeloid cells and epithelial cells 
in tissue culture’, Our findings and similar findings reported 
by Neil et al’ and Levy et al'® in the accompanying papers _ 
extend the known involvement of myc in oncogenesis to a- 
significant fraction of naturally occurring T-cell lymphomas of ._ 
cats. In vitro transfection studies suggest that under certain — 
circumstances an activated myc gene leads to immortalizat ion. 
of cells in the multistep process of tumorigenic cell transforma- 
tion of primary rat fibroblasts (ref. 17; H. Land, personal com- 
munication). We do not yet know whether these FeLV-myc 
recombinant viruses are acutely oncogenic and capable of induc- 
ing short-latency tumours in inoculated animals as are their 
avian virus counterparts. eR a 

Natural and experimental lymphomas seem most often t 
arise by different mechanisms. The natural cat lymphom 











seven examples where the myc gene was found incorporat 





undergone some form of chromosomal rearrangement. By con 
trast, about 90% of experimental bursal lymphom 


in chickens by avian leukosis virus**!® and two ow 













mental cat lymphomas induced by FeLV showed virus promoter 
insertion near c-myc’, and incorporation of myc into the viral 
genome did not occur. We suspect that this difference arises for 
the following reason. To produce lymphomas quickly, young 
animals are inoculated with a large dose of a highly 
leukaemogenic strain of virus’? *'; it is likely that many potential 
target cells are infected with virus, and activation of c-myc via 
promoter insertion occurs in a sufficient number of cells that at 
least one cell undergoes the additional necessary genetic alter- 
ations required for tumour formation”? (such as activation of a 
gene analogous to the B-lym gene found in chicken bursal 
lymphomas’*). In natural conditions of virus exposure, the 
incidence of viraemia is lower and tumour latency is longer in 
viraemic animals, thus far fewer target cells are’ likely to be 
infected, and then usually with virus of low leukaemic potential. 
Although a slower and rarer event than promoter insertion, 
transduction of oncogenes into appropriate target cells may be 
the more usual and efficient way of forming a tumour in a natural 
setting. a 

There are other tumours in which tumour-specific virus 
integration sites have not been detected, including bovine B-cell 
leukaemia2* and human adult T-cell leukaemia’. It will be 
interesting to see whether oncogene transduction is involved in 
the development of these tumours and whether transduction of 
genes other than myc might account for induction of the remain- 
der of the cat lymphomas we have studied. 
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Rare cases of chronic lymphocytic leukaemia (CLL) in man 
stem from the malignant proliferation of T cells. The disease 

is usually more aggressive clinically than B-cell-derived CLL. 
Various haematological tumours are associated with specific 
chromosome aberrations (for example, refs 1, 2). Only limited.. 
numbers of T-cell CLL patients have so far been studied # 
cytogenetically and, whereas chromosome 12 seems particularly | 
to be involved in B-cell CLL’, several markers have been found 

in T-cell tumours**”. Recently, by stimulating malignant clones 
with different mitogens, novel chromosome abnormalities have 
been detected in T-cell CLL". Using the same approach for 
additional cases of T-cell CLL, we now report that the most 


- consistent chromosome change is an inversion of the long arm 


of chromosome 14, inv(14)(q11 q32), in four of five patients. 
Another remarkable chromosome aberration is trisomy for the 
long arm of chromosome 8, found in three of five patients. 
Five patients with T-cell CLL were investigated. At the time 
of sampling, no therapy had been initiated in four of the patients. 
Chromosome analysis (Table 1) was performed on peripheral 
blood lymphocytes after stimulation with a variety of T-cell 
activators. As the malignant T cells are of clonal origin, only a 
few of the mitogens used produced proliferative responses, a 
finding noted previously*”. The results of the chromosome 
analysis after stimulation with phytohaemagglutinin (PHA) are 
shown in Table 1. ao. 
Several chromosome markers were observed in the fiv 
patients but we believe that the inv(14)(q11 q32) marker (Figs 
1, 3a) seen in four of the five patients is the most significant. 
This marker has previously only been observed in the lym- 
phosarcoma line, U-698 (ref. 2). Recent data suggest that the 
marker may be present in normal cell cultures (B. Dutrillaux, 
personal communication). However, we re-examined kary- 
otypes of more than 100 tumours, cell lines established from 
tumours and several hundred normal subjects, and found no 
additional case showing the inv(14) marker. | | 
Aberrations of chromosome 14 have been observed in a 
number of different haematological tumours’”; the most notable 
is perhaps the translocation t(8; 14) in Burkitt's lymphoma’, in 
which the breakpoint on chromosome 14 is normally located in 
q32, the region encoding the immunoglobulin heavy-chain 
genes'', but in exceptional cases is observed in q1 1 or q13 (refs 








8, 12). Both these sites contribute to the formation of the inv(14) 
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Table 1 Chromosome markers in patients with T-cell chronic lymphocytic leukaemia after stimulation with PH. : 


ieee ted 














Patient = No of metaphases No. of metaphases 

(ref. 5) studied” Ste on TER | 
i Fer ae “18 17 inv(14): 17/17, t(8p-; 8q) 8/17, der( 18) (18qter> pl3::lipl4-lipter): gias 
e J 4 inv(14):3/4, t(4;.12) (4 pter>.qter::°12q13 ~ qter):3/4, 3p—:3/7m EPEA 05 
po ee - Ipt:4/7, 11p~: 3/4, 12 q=: 6/4, 1(19; 2): 4/4 E 
e o a tlinv(14); 22}:29/31, t(8p~s 8q):16/31, t(6; 12q):30/31, (17g; 2):29/31 
: si 19 4q=:2/19, 6q=:17/19 o | oe ee 








* Total number of metaphases studied after stimulation with phytohaemagglutinin or other mitogens (in parentheses per cent abnormal metaphases): 
patient 1, 77 (69%); patient 2, 98 (59%); patient 3, 36 (33%); patient 4, 77 (79%); patient 5, 103: (37%). Chromosome preparations were made noe 
according to conventional methods. After isolation metaphases were stained by O (ref. 20) and G (ref. 21) banding, in some cases also by R (ref. 
22) and C (ref. 23) banding. The modal chromosome number was 46,.X%% (patients 1, 4 and 5) and. 46, XY (patients 2 and 3). ee ne 
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Fig. 1 Arrangement of bands in a normal chromosome 14, the 
inverted chromosome 14 in patients 1, 2 and 3 and a translocation 
between an inv(14) and a chromosome 2? in patient 4. 





the relatively benign form of disease in this patient (who still 
receives no treatment) and may suggest that inv(14) isa marker | mag [os | 
for malignant disease. Eventually, this marker may develop ee 
during the natural history of the T-cell CLL, thus transforming S iso{8q) t(8p=;8q) 
the disease into a clinically more aggressive form. Fig. 2 Arrangement of bands in a normal chromosome B, the 
Another marker that deserves attention Is the translocation iso(8q) in patient 2 and the t(8p-; 8q) in patients land 4. 
between two chromosomes 8, found in three patients (1, 2 and- a a a A a eh Th bP 
4). Clones with this marker (Figs 2, 35) possess only one normal _ 
chromosome 8 and are trisomic for 8g and monosomic for either — 
_ the whole (patient 2) or the distal part of the short. arm (patients. 
1 and 4). In these cases, the important aberration seems to be 
the trisomy of the long arm but not the localization of the 
breakpoint in the short arm (8p) or the centromere (8c) since 
that varies in the three patients. Two important oncogenes are 
_located on 8q, c-mos and c-myc". The three cases with trisomy 
sior 8q are thus in agreement with the gene-dose effect hypothesis 
tumorigenesis suggested by Klein’. 
In one of the patients (patient 4), chromosome 6q-, a marker 
frequently found in several haematological disorders”, includ- 
ing adult T-cell leukaemia”, carries the distal segment of 
_ chromosome 12 (q21 > qter). In another patient (patient 3), the 
$ segment 12q13~ qter is attached to chromosome 4, In both. 
patients who possess only one normal chromosome. 12 
-breakpoint is localized close to 12q13-15, the region of the | 
hromosome considered important for the development of B- 


ell CLL*® and alse for benign salivary gland tumours’? and $ 























Fig. 3 a, From left to right: a normal chromosome 1 
and tlinv{ 14); 22]. Q-banding, *2,500, b, From left to 
graph of a normal chromosome. 8, iso( 8q) and t(8p 






banding, x2,500. 








adenoid. cystic: anom ‘Although there is. 5 as yet. “limited 
- information on the localization of oncogenes, ‘these findings are 
of interest with regard to the observation that an oncogene of 


eC the e-ras family seems to be located on 12q24 (ref. 18). 


The high frequency of markers found in untreated T-cell CLL 


a 5 patients suggests that tumour development is a multistage pro- 
= cess in which the acquirement of the inv(14) marker is a crucial 
-> step. Furthermore, in the mouse, a cluster of tightly linked 





genes, distal to the immunoglobulin heavy-chain locus, encode 


o cell-surface products regulating. T-cell maturation and T-cell 
7 ` immunocompetence’”. It is attractive, therefore, to speculate 
that similar genes are present on chromosome 14q32 in man 

and may, when rearranged as in inv(14), be involved in the 


-~ transformation of T cells. 
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The genes encoding the variable regions of murine immuno- 
lo light chains are present i n the germ line in two separate 
segments V and J , During aphocyte differentiation these 
2 ugh together to form a singlea unit a review 
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Fig. 1 Structures of DNA substrates and diagrams of endonu- 
clease assays. a Top: Partial restriction map of pVJ,. The 7.4-kb 
fragment from the EcoRI site to the Xbal site was derived from 
the genomic clone Ig«5E (a gift of Dr Susumu Tonegawa) and 
contains the germ-line V, segment which is functionally rearranged 
in the MOPC 321 mouse plasmacytoma”. The 1.7-kb Xbal- 


HindIII fragment was derived from a longer 2.7-kb HindIII frag- oo" 


ment represented in the genomic subclone. pHJ,, (ref. 10) (a gift 
of Ms Susanna Lewis) and contains the five BALB/c J, segments 
in their germ-line configuration. The third part of the construction 
consisted of the 4.3-kb EcoRI—HindIlIl fragment of pBR322. The. 
small arrows at the sites of the V, and J, segments indicate the 
transcriptional orientations of these sequences. Bottom: Use of 
pVJ,, in the site-specific endonuclease assay. To prepare the sub- 
strate for the assay, the plasmid was linearized with the HindIII 
restriction enzyme, which cleaves 81 bp to the 5’ side of the J,.1 
coding sequence. The ends of the molecule were dephosphorylated 
with calf intestinal phosphatase and radiolabelled by phosphoryla- 
tion with [y°?P]ATP and polynucleotide kinase. Following phos- 
phorylation, the plasmid was recircularized by T, ligase in condi- 
tions that yielded predominantly monomeric circles. Recirculariz- 
ation served to protect the substrate from dephosphorylation and 
exonucleolytic degradation in the crude extract. b Top: Partial 


restriction map of pJ_5. This construction was made by digestion = 
of pHJ, with Accl, followed by blunting of recessed 3’ ends with “ 


the Klenow fragment of DNA polymerase 1 and ligation with Ta 
DNA ligase. The resulting plasmid « contained 2,274 bp of. pBR322 
(including the origin of replication and the. ampicillin resistance 
gene) and 1,626 bp of BALB/c DNA exte d 
site within the J,,4-J,,5 spacer region. 5 
1.3 kb to the 3’ side of J,5. Bottom: Use of pl, Si the site-specific á 
endonuclease assay. To prepare. the substrate for the assay, the — 
plasmid was linearized with the Bgl striction « enzyme, which we 
cleaves 257 bp to the 3’ side of the | 

















as described above: 














from. the. Accel. = 
dU site about X 


-coding sequence. The ` 
molecule was dephosphorylated, radiolabelled and recircularized = 
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Fig. 2 Assay for endonuclease activity with pVJ, or pJ„5. a, 
Assay with pVJ, substrate. Lane a, no incubation. Lane b, incuba- 
tion for 30 min in standard conditions. Lane c, incubation for 
30 min without addition of ATP. Lane d, incubation for 30 min 
without addition of MgCl,, in the presence of 20 mM EDTA. 
Incubation of reaction. mixtures for 60 and 120 min resulted in 
progressively greater overall degradation of the substrate without 
significant enhancement of specific bands (data not shown). The 
positions and sizes (in bp) of DNA length standards are indicated. 
b, Assay with pJ,5 substrate. Lane a, no incubation. Lane b, 
incubation for 30 min in the presence of 500 ng. pV,.15 (a plasmid 
containing the V,21-C gene in its germ-line configuration). Lane 
c, incubation for 30 min without pV,15. Lane d, incubation for 
30 min without nuclear extract. The positions and sizes (in bp) of 
DNA length standards are indicated. | 
Methods: a, Cells of the PD31 lineage’? were cultured in RPMI 
1640 supplemented with 10% fetal calf serum and 50 uM B- 
mercaptoethanol. For this experiment, cells were grown in the 
presence of 10mM 3-aminobenzamide (an inhibitor of ADP- 
ribosyltransferase activity)'® for 24h before collection: in all sub- 
sequent experiments treatment with 3-aminobenzamide was omit- 
ted, with no difference in activity of extracts. One litre of cells, 
grown to a density of 2x10° cells per ml, was collected by centrifu- 
gation at 1,000g for 5 min at 4 °C. Cells were washed in 20 mi of 
a buffer containing 20 mM HEPES PH 7.5, 5mM KCl, 0.5 mM 
MgCl,, 0.5 mM dithiothreitol (DTT) and 0.2 M sucrose and collec- 
ted by centrifugation at 1,000g for Smin at 4°C. Cells were 
resuspended in 5 ml of a buffer containing 20 mM HEPES pH 7.5, 
5 mM MgCl, 5 mM KCI, 0.5 mM DTT and allowed to remain on 
ge ice for 10 min. Cells were disrupted by homogenization and 5 ml 
“I of a buffer containing 20 mM HEPES PH 7.5, 5 mM MgCl, 5 mM 
KCl, 0.5 mM DTT and 0.4 M sucrose were added to the lysate. 
Nuclei were collected by centrifugation at 120g for 5 min at 4 °C, 
The nuclear pellet was resuspended in 2.5 ml of a buffer containing 
50 mM HEPES pH 7.5 and 10% sucrose. Nuclear extracts were 
prepared by adding NaC! to 100 mM final concentration followed 
by incubation for 1h on ice and centrifugation at 15,000g for 
20 min at 4°C. The supernatant was stored on ice, Assays were 
carried out at 30 °C in a 50-yl reaction mixture containing 10 mM 
HEPES pH 7.5, 6mM MgCl, 2mM ATP, 1 mM DTT, 0.1 mM 











EDTA, 10 ng **P-labelled plasmid DNA and 12.5 ul nuclear extract. Reactions were stopped by addition of 50 ul of a solution containing 
50mM EDTA, 1.2% SDS and 0.2 mg ml~' yeast tRNA. Proteinase K was added to 100 ug mI”. Following incubation for 90 min at 37°C 
the **P-labelled plasmid DNA was recovered by phenol extraction and cleaved with HindIII and BamHI. The products were separated by 
electrophoresis through a 5% polyacrylamide gel and detected by autoradiography. b, Cells were grown as described above except that 
3-aminobenzamide was not added to the growth medium. Nuclei and nuclear extracts were prepared as described above. Reactions were 
carried out in the absence of exogenous ATP and in the presence of 500 ng salmon sperm DNA; otherwise, conditions were identical to those 
indicated above. The plasmid DNA was recovered as described above and cleaved with Bell plus Xbal (Xbal cleaves the plasmid at a site 


31 bp from the Bell] site and on the opposite side of the site from the 
through a 5% polyacrylamide gel and detected by autoradiography. 


\ The substrate used in our initial experiments was designated 
` PVJ. and contained the entire germ-line cluster of five J seg- 
ments of the « light-chain family as well as a germ-line V, 
segment ( V.21-C) known to be used in the functional x light 
chain of the mouse plasmacytoma MOPC 321 (refs 3, 7). Con- 
served heptamer and nonamer nucleotide sequences, thought 
to be recognition signals***, were present in the substrate in 
association with each J, segment and the V.21-C segment. The 
structure of pVJ, and the assay for site-specific endonuclease 
activity are outlined in Fig. 1a. | 
Extract was prepared from the nuclei of PD31 cells, a line 
produced by transformation of murine adult bone marrow cells 
with Abelson murine leukaemia virus’. This line has been shown 
to undergo continuous, spontaneous rearrangement of the « 
locus in culture’. Nuclei were prepared by homogenization in 
hypotonic buffer and nuclear extracts were prepared essentially 
ais described by Challberg and Kelly!!. To assay for endonuclease 
ctivity, plasmid pVJ,, radiolabelled and  recircularized as 
described in Fig. 1a, was incubated at 30°C in an appropriate 
reaction mixture in the presence of nuclear extract from PD31 
cells (see Fig. 2 legend). The **P-labelled plasmid DNA was 
then cleaved with the HindIII and BamHI restriction enzymes, 









which were expected to yield two radiolabelled fragments: one, 
346 base pairs (bp) long, derived from pBR322, the other, 
about 3,600 bp long, derived from the inserted mouse DNA 


and containing the entire germ-line J, cluster (Fig. 1a). 
Cleavage of the pVJ, substrate near the recombinational signal 


of EDTA to 20mM (Fig. 2a, lane d). The activity 


J,5 segment; see Fig. 1). The products were separated by electrophoresis 


sequences of J,2, 3, 4 or 5 would be expected to produce novel 
fragments of close to 434, 741, 1,064 and 1,403 bp in length**. 
Cleavage near the signal Sequence of J,.1 is not unambiguously 
detectable in this assay because it would produce a novel frag- 
ment less than 346 bp long. 

When the **P-labelled substrate was exposed to the nuclear — 
extract, evidence of cleavage near the J, segments was obtained. 
At zero time, digestion of the recovered pVJ, DNA with — 
HindIII and BamHI yielded the expected 346-bp fragment 
(Fig. 2a, lane a); the 3,600-bp fragment barely entered the gel 
and was visible on shorter exposures as a band near the topof >o 
the lane. When the reaction was allowed to proceed for 30 min. 
at 30 °C, several additional bands were seen i 
the most prominent were a 
1,400 bp long, as expected for cleavage of the substrate near 
J,2, J,4 and J,5. No band was seen in the vicinity of 741 by 










because J, 3 appears from its sequence to be unable to functio 
in vivo". The activity was not dependent on the addition | 
exogenous ATP to the crude extract (lane c). Cleavage oi 
substrate near J,2, J,4 and J,5 was abolished by the a 








limited to extracts of nuclei from B-lymphoid cells 
results were obtained in extracts prepared from mouse 
(data not shown). f 

To simplify the endonuclease assay, we construct 








} 410 420 430 A? 
*, TTTTCIATGGGGGTTGAGTGAAGGGACACLAGTOTG 
440 450 460 470 480 
b 
pJ,.5 
490 480 470 460 450 


, 1 GTGCATCAATAGAAGATCCCCCAGAAAAGAGTEAG GTGRAAGCTGAGCG. . 


340 310 300 J5 


-330 320 
T , TICACAGGEASETTTTTETAGAGAGGGGCATGTCATAGTCCTRACIONG. K 


Fig. 3 Sites of endonucleolytic cleavage of pVJ,, and pJ,.5 near 
J.2 and J,5. a, Sites of cleavage of pVJ, near J,2. A portion of 
the germ-line J, sequence in the vicinity of J,,2 (refs 4, 8) is shown. 
Numbers indicate distance in nucleotides from the 5’ *2p.label at 
the HindIII site. The J,.2 coding sequence is underlined. The 
conserved heptamer and nonamer sequences to the 3’ side of J,2 
are outlined by boxes. Cleavage occurs within the regions bounded 
by the arrowheads. The reaction of pVJ, with extract was carried 
out on a preparative scale and digestion with HindIII and BamHI 
was performed as described in Fig. 2 legend. After fractionation 
of products through a 5% polyacrylamide gel, the prominent 
radiolabelled band of length ~450 bp was eluted. This band was 
the result of cleavage of pVJ, near J,2. The DNA was denatured 
and sized on a 5% polyacrylamide-urea sequencing gel. The radio- 
labelled material was resolved into two bands 450-455 and 408- 
412 bp long. b, Sites of cleavage of pJ,,5 near J,.5. The size of the 
fragment produced by cleavage of pJ,,5 near J,.5 was determined 
to be 339-340 bp by polyacrylamide-urea gel electrophoresis. Two 
portions of the germ-line J, sequence are shown. The first line 
represents part of the spacer sequence between J,4 and J,,5; the 
second line represents part of the immediate 5’ flanking sequence 
of J.5 (refs 4, 8). Numbers indicate distance in nucleotides from 
the 5’ 7P label at the BglII site. The start of the J,5 coding 
sequence is indicated. Conserved heptamer and nonamer sequen- 
ces to the 5’ side of J,5 and the homologous heptamer within the 
J,4~-J,5 spacer region are indicated by boxes. Cleavage occurs 
within the regions bounded by the arrowheads. 


pJ,5, containing only J,.5 (Fig. 16). Plasmid pJ, 5, labelled with 
32P at its unique BglII site, was incubated with extract from 
PD31 nuclei and then cut with BgilI plus Xbal. Without incuba- 
tion, the expected large BglII-Xbal fragment was produced (a 
31-bp fragment was run off the gel) (Fig. 25, lane a). Incubation 
for 30 min at 30°C generated additional fragments (lane b). 
Identical results were obtained whether plasmid pV, 15, contain- 
ing the germ-line V,,21-C segment, was present (Fig. 2b, lane 
b) or absent (lane c). The most prominent bands were about 
320, 450, 530 and 560 bp long. The size of the 320-bp fragment 
is consistent with cleavage of the substrate near the recombina- 


tional signal sequences of J,,5. The additional sites of cleavage 


are discussed below. Cleavage of pJ,5 was also catalysed by 
extracts of mouse L cells. 

We have more precisely determined the sites of cleavage near 
J.2 and J,5 (Fig. 3). Two breaks were made in pVJ, near J,2; 
these were located at two clusters of guanylate residues, one 
within the 23-bp spacer region and the other within the J,2 
coding region: The break made in pJ,,5 occurred 2-3 bp to the 
5' side of the conserved nonamer sequence at a pair of guanylate 
residues. These positions do not necessarily represent the actual 
sites of endonucleolytic cleavage, because they could be the 
result of combined endonuclease and exonuclease activities. 

We have thus developed an assay for site-specific endonu- 
cleolytic cleavage of DNA in crude, cell-free extracts. Using 


this assay, we find an activity in nuclear extracts of B-lymphoid — 










and fibroblast lines which results in double-strand cleavage of 
DNA near the putative recombinational signal sequences of J, 
segments. We do not know if this activity is related to the overall _ 
process of immunoglobulin gene rearrangement and sever: 
observations lead us to interpret the results with caution. First, 
the activity is not specific to lymphoid cell lines. Second, the 
breaks do not occur at a unique position within each J, segment, 
from the structures of reciprocal J, recombination products we 
would expect cleavage to occur either at the junctions of conser- 
ved heptamer sequences and the J, coding sequences or within 
the coding sequences'*”'*. Third, the activity does not depend 
on the presence of a germ-line V, gene in either cis or trans. 
Other observations, however, indicate that cleavage in the 
crude extract may be potentiated by the conserved heptamer 
sequences. With the pVJ, substrate we observe prominent 
duplex cleavage near J,.2, J,.4 and J,5 but not near J,.3, where 
the heptamer signal sequence deviates from the consensus struc- 
ture®. Also, the plasmid pJ,,5 was cut at about 450, 530 and 
560 bp from the labelled BglII site. The yield of the 530- and 
560-bp bands was highly variable and we therefore have no 
further information about them. The 450-bp fragment, however, 
ends within the J,4-J,5 spacer region, where the sequence 
CAGTGTG occurs which is identical to the heptamer signal 
sequence of J,2. The 450-bp fragment results from cleavage of 


the substrate near this apparently adventitious signal sequence. 
There is, in fact, evidence for aberrant recombination into a site ~ 


near this sequence in the myeloma MOPC 149°”. 

From this fact and from the structure of one reciprocal product 
of immunoglobulin rearrangement in the myeloma MOPC 41 = 
it appears that heptamer sequences, in the absence of an 
accompanying nonamer sequence, may occasionally direct re- 
arrangement. Because the heptamer sequence at 450 bp is not 
accompanied by a nonamer sequence, as is characteristic of 
immunoglobulin signal sequences, this result would suggest that 
heptamer-like sequences alone potentiate cleavage of DNA in 
the extract. The heptamer is either palindromic or almost palin- 
dromic in its various appearances and thus recognition of a 
heptamer cannot supply directional information. Therefore, the 
nuclease could not be directed by an isolated heptamer to cut 
at an appropriate site. This argument suggests that the activity 
we are assaying may associate in lymphoid cells with a nonamer 
recognition element, giving it site specificity. We therefore feel 
that further investigation of this enzyme and its possible interac- 
tions with other proteins may shed light on at least one step in 
the process of immunoglobulin gene rearrangement. s 
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Recent studies in a eukaryotic system indicate that a block in 


secretion can lead to a block in the translation of secretory 


proteins’. This feedback on protein synthesis is thought to be a 
result of an interaction of the signal recognition particle with the 
signal sequences of nascent proteins. Genetic studies in the pro- 
karyote Escherichia coli suggest that a complex secretion 
machinery” and a similar feedback mechanism’ exist. In addition, 
mutations affecting two genes, secA and secC, thought to encode 
#@ components of the bacterial secretion machinery, selectively inter- 
fere with the synthesis of exported proteins. This selective interfer- 
ence with translation may be a result of recognition by the secretion 
machinery of signal sequences. If so, alteration of the signal 
sequence of a particular protein by mutation should eliminate the 
block in synthesis for that protein. We show here that signal 
Sequence mutants for an exported protein, maltose binding protein, 
prevent the block in synthesis of this protein in a secA mutant. 
We have previously described the isolation of an amber (pro- 
tein chain-terminating) mutant in the secA gene”. This amber 





mutation, which maps early in the gene, is lethal to the cell and 


can only be maintained in strains which contain an amber 
suppressor. To study the effects of the elimination of secA gene 
product on exported proteins, we introduced into the secAam 
strain a temperature-sensitive (ts) amber suppressor. The secAam 
supFts strain is called MM66. In MM66, the suppressor is 
inactivated at 42°C, so that no further: secA product can be 
made and cells eventually die. | 
To determine the effects of the secAam on secretion, we have 
gtudied the maltose binding protein (MBP), a protein encoded 
By the malE gene, which is normally exported across the cyto- 
plasmic membrane into the periplasmic space. The synthesis 
of MBP, which is required for maltose transport into the cell, 
is inducible by the addition of maltose to the growth medium. 
We have shown previously that at 30 °C, the partial suppression 
-of the secA amber mutation in MM66 results in a partial defect 
in secretion; both mature MBP and some precursor form of 
MBP, containing the signal sequence, are found on pulse labels. 
However, at 42 °C, synthesis of MBP is abolished; neither pre- 
-cursor nor mature MBP is found. This result is not due toa 
general defect in protein synthesis, as most proteins appeared 
to be synthesized normally. The loss of secA product is specifi- 
cally affecting the synthesis of exported proteins. 
If the block in MBP synthesis we observe in MM66 at 42°C 
is due to a block in translation caused by recognition of the 
BP signal sequence by the secretion machinery, then signal 





wih {q 










met lys ile lys thr gly ala arg ile leu ala-leu ser ala leu thr thr met met phe ser ala ser ala leu < 


$ 


Fig. 1 Amino acid changes in signal sequence mutants in maltose binding protein. The determination of the sequence changes s 
a; i _by Bedouelle et al". i e 
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sequence mutants might counteract this block: 
described elsewhere the isolation and characteri 
sequence mutants in the gene (malE) coding for 
mutations each change an amino acid in the hì {i 
of the signal sequence, causing a severe defect ir ise 
1) and the accumulation of mainly the precursor form o! 
in the cytoplasm. According to the signal recognition. parti 
(SRP) model, these mutants would block the interaction oi 
MBP signal ‘sequence with the secretion machine 

To determine whether signal sequence mutants will counteract _ 
the block in MBP synthesis, we introduced three of these signal 
sequence mutations into MM66, using PI transduction. In addi- 
tion, all of these strains contained a malT“ mutation’, which — 
renders the synthesis of MBP and other proteins involved in 
maltose catabolsim constitutive. The constitutive mutation was __ 
introduced to avoid possible problems in the induction of MBP | 
synthesis in maltose medium, particularly in the signal sequence — 
mutants. Examination of MBP synthesis in these strains at 42°C 7 
revealed a marked difference between strains containing the ~ 
wild-type malE gene and those containing signal sequence muta- __ 
tions in that gene. In the MalE* strain, synthesis of MBP was | 
greatly reduced, while synthesis of the cytoplasmic protein, 
elongation factor G (EF-G),is unaffected (Fig. 2). However, in | 
the three signal sequence mutants analysed, the elimination of __ 
the secA product at 42°C does not prevent MBP. synthesis. 
Rather, the precursor of MBP accumulates. At 30 °C, MBP 
synthesis is observed in all four strains. , = 

These results can be most simply explained if the effect of- 
the elimination of the secA product on MBP synthesis is due 
to interference at a post-transcriptional step in gene expression: 
While it is clear that the signal sequence mutations are changing 
the sequence of the DNA of the malE gene and its RNA 
transcript, the most evident consequence of these mutations is 
to alter either the hydrophobic nature or possibly the structure 
of the signal sequence itself. One explanation for these findings 
is that the signal sequence mutants alter the protein in such a 
way as to make it more resistant to degradation. However, we 
consider this highly unlikely, as our pulse labels are for only 
1 min and abnormal cytoplasmic proteins, in general, and inter- 
nalized MBP precursor, in particular, are degraded considerably 
more slowly'*!3. Instead, we favour the hypothesis that elimina- 
tion of the secA gene product causes a block in translation of 
MBP. If this explanation is correct, our results with signal 
sequence mutants suggest that this block involves a recognition 
of the signal sequence by some cellular component. This latter 
interpretation is, of course, consistent with the SRP model for 
protein secretion in eukaryotes. 

These results and those found in the eukaryotic system change 
our concept of the role of the signal sequence and our under: 
standing of the effects of signal sequence mutants. Earlier models 
of secretion assumed that the hydrophobic core of the signal 
sequences functioned by interacting with the membrane. It was: 
thought that signal sequence mutations of the type described 
here, most of which introduce charges into this hydrophobic =. 
core, prevented secretion by interfering with hydrophobic inter- 
actions with the membrane. However, if the interpretation of 
the present results and those of Walter and Blobel’ is correc 
a major function of the signal sequence is its recognition 
cytoplasm by SRP or its equivalent. Nevertheless, because of 
the nature of the signal sequence and the classes of mutati 
detected, it appears that a hydrophobic interaction is impe 
at this stage. It is not known whether the signal sequence also — 
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Fig. 2 Synthesis of MBP and mutant MBP. Lane a, MM113 
(malE *), 30°C; lane b, MM114 (MM113, MalE10-1), 30°C; lane 
c, MMI15 (MM113, MalE16-1), 30°C; lane d, MM116 (MM113, 
MaiE18-1), 30°C; lane e MM113, 41°C; lane f, MMI14, 41°C; 
lane g, MMI15, 41°C; lane h, MM116, 41 °C. 

Methods: Strain MM66 (F7 araD lacU/169 rpsL relA zci::Tnl0 
trpam supFts secAam) was the parent of all strains used in this 
experiment. A A vir resistant, Mal” derivative of MM66 was 
isolated. This strain contained a malT mutation and was trans- 
duced to Mal* using Pivir grown on a strain carrying a malT* 
mutation, giving strain MM113 (MM66, malT*). MalE signal 
sequence mutations were introduced into MMI13 using a Tn 
insertion close to the malE gene (isolated by Howard Shuman) as 
a Pl co-transducible marker. Cells of all strains were grown at 
30°C to mid-log phase. Half of the culture was diluted and shifted 
to 41 °C: the remaining culture was labelled with *°S-methionine. 
The diluted cultures were incubated at 41 °C for 25 h, then labelled 
with 2°S-methionine. All labellings were done with 20-25 pCi ml”! 
for | min and extracts were made by denaturing in SDS as described 
previously'*. Extracts were immunoprecipitated with a mixture of 
anti-EF-G and anti-MBP antisera and the immunoprecipitates 
analysed by fluorography after SDS-polyacrylamide gel elec- 
trophoresis. The detailed procedures for making of extracts and 
immunoprecipitation'? and fluorography’? have been described 

previously. 


inserts in the membrane and whether this insertion is important 
in secretion. 

We do not know the role of the SecA protein in secretion, 
nor can we say how similar the secretion mechanisms are in 
prokaryotes and eukaryotes. However, speculation on the role 
of the SecA protein is simplest if we assume an SRP-like model 
for bacteria. Based on the properties of secA mutants, the SecA 
protein could be the part of an SRP-like complex that directly 
interacts with the SRP receptor in the membrane. Elimination 
of SecA protein would then prevent SRP from interacting with 
the membrane and lead to a permanent block in the translation 
of secretory proteins. Alternatively, SecA protein could have a 
structural role in a SRP-like complex. Elimination of any of 
several components of the complex might disrupt its structure 
in such a way that its ability to bind to SRP receptor is abolished, 
but its ability to block translation is not. Although its solubility 
properties make the last explanation less. likely, SecA protein 
could itself be the SRP receptor in the membrane. Further studies 
on other gene products involved in secretion and analysis in an 
in vitro secretion system should distinguish between these 
possibilities. Finally, we point out that these experiments may 
concern only the earliest steps in the secretory pathway and 
have no relevance to the question of whether secretion is co- or 
post-translational. N 
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Phosphorylation of the regulatory light chains of vertebrate - 
smooth muscle or cytoplasmic myosins alters the structure of 
myosin monomers” *, favours myosin filament formation"* and 
stimulates the actin-activated Mg**-ATPase of myosin (for 
reviews see refs 7-9). Similarly, in Dictyostelium” and Acan- 
thamoeba''"* phosphorylation of the myosin heavy chains 
inhibits both polymerization and actin-activated Mg**-ATPase. 
Unfortunately, the relationships between phosphorylation, 
myosin assembly and activation of ATP hydrolysis are not fully 
understood in any of these systems, as there has been no way 
of varying the extent of polymerization of intact myosin without 
changing solution conditions or the level of myosin phosphoryla- 
tion, parameters that may have independent effects on ATPase 
activity. Taking an entirely new approach, we have used mono- 
clonal antibodies against the tail of Acanthamoeba myosin-Il 
that cause filament disassembly to show that myosin polymeriz- 
ation itself stimulates actomyosin ATPase activity. With a fixed 
level of myosin-II phosphorylation and constant solution condi- 
tions, depolymerization of myosin-II filaments by antibodies 
causes a concomitant loss of actin-activated ATPase activity. |. 

Acanthamoeba myosin-II was purified and treated with acid” 
phosphatase to decrease the heavy-chain phosphate level to 
about 0.8 phosphates per myosin molecule’ ®t. Myosin-I] forms 
bipolar filaments of two different sizes depending on the solution 
conditions'*. In 0-150 mM KCI with divalent cation concentra- 
tions <5 mM, myosin-II forms thin bipolar filaments, 6 nm in 
diameter, consisting of 16 molecules. Thin bipolar filaments 
ageregate laterally in divalent cation concentrations of 5-10 mM 
to form thick bipolar filaments, and in these conditions the 
actin-activated ATPase is also stimulated’? 

To analyse the relationship between myosin polymerization 
and actin-activated ATPase activity, we selected 5 out of 23 
anti-myosin antibodies that have been characterized in detail 
(D.P.K., T.D.P., and D. A. Kaiser, manuscripts in preparation). 
Antibody binding sites on myosin-H were determined by anti- 
body staining of myosin-II peptide maps, competitive binding į 
analysis and direct localization in the electron microscope | 
(Fig. 1). Antibodies M2.3, M2.9 and M2.12 bind to distinct and 
non-overlapping sites on the tip of the myosin-II tail. Antibodies 
M2.1 and M2.10 bind to different sites on the myosin-II heads. 
We established previously that M2.1, M2.10, M2.3 and M2.9, 
but not M2.12, all inhibit by 80-100% both the actin-activated 





-Mg?*-ATPase of myosin-IJ and the contraction of gelled 


extracts of Acanthamoeba cytoplasm (manuscript in prepar- 
ation). Maximum inhibition requires the binding of ~1 to 2 
antibody molecules per myosin-I] molecule. M2.3 and M2.9, — 






> thin bipolar filaments, se Wes 
Measured in assay conditions that almost completely arrest the © 





Fig. 1 Electron micrographs of platinum-shadowed complexes 
of myosin-II molecules. with the following antibodies: a, M2.1; b, 
M.3; c, M2.9; d, M2.12; e, Alice, a contro! monoclonal antibody 
that does not bind to myosin-II. Arrowheads indicate bound anti- 
body. Scale bar, 50 nm. i 

Methods: Antibody-myosin-I] mixtures were prepared, mixed 
with an equal volume of glycerol, sprayed onto freshly cleaved 
mica, dried in vacuo, platinum rotary-shadowed, stabilized with 
carbon and floated onto 300 mesh copper electron microscope 
grids as described elsewhere (in preparation). Specimens contained 
a threefold molar excess of antibody over myosin-II. Electron 
micrographs were taken on a JEOL 100 CX microscope at magnifi- 

cation X23,000 or x28,000. 


two of the three antibodies that bind to the tail, also inhibit the 
polymerization of myosin-II into thin bipolar filaments, prevent 
the lateral aggregation of preformed thin bipolar filaments into 
thick bipolar filaments, and can disassemble both thin and thick 


@ bipolar filaments (manuscript in preparation). As M2. 12 inhibits 





“neither polymerization nor actomyosin-II ATPase activity, we 
thought that inhibition of polymerization by M2.3 and M2.9 
might be responsible for their ability to inhibit the ATPase 
activity. This interpretation is supported by the following 
detailed analysis of the mechanism of action of M2.1 and M2.3. 

The time course of inhibition of the actomyosin-II ATPase 
by M2.3 differs dramatically from that by antibodies against the 
myosin-II head, such as M2.1 (Fig. 2) and M2.10 (similar data 
not shown). After a 30 min preincubation of myosin-II with a 
10-fold molar excess of M2.1, M2.3 or M2.10 in 20% sucrose 
buffer, the steady-state actomyosin-II ATPase activity is 


_ inhibited by 80-100%. The inhibition by M2,1 and M2. 10 occurs 


immediately and completely when a 10-fold excess of antibody 
is added to myosin-II that is actively hydrolysing Mg?*-ATP in 
the presence of actin (Fig. 2a). On the other hand, several hours 
are required for M2.3 to inhibit maximally the actomyosin-II 
ATPase in these conditions (Fig. 2b). The mechanism by which 
M2.3 inhibits actomyosin-II ATPase activity must be funda- 
mentally different from the mechanisms of M2.1 and M2.10. 
“" Inhibition of actomyosin-II ATPase activity by M2.3 corre- 
lates closely with the disassembly of both thin bipolar filaments 
in the absence of Mg** and thick bipolar filaments in 7.5 mM 
Mg°* (Fig. 3). Considering first experiments in which myosin-I] 
thin bipolar filaments are preincubated in storage buffer (no 
Mg?" ions; see Fig. 2) with antibody M2.3 (Fig. 3), we observe 
rapid loss of thin bipolar filaments and actomyosin-II ATPase 
activity (t;,.~5-10 min). We obtain a good estimate of the 
activity following each time of preincubation of antibody and 
because the ATPase activity was 





disassembly process: the antibody prevents the formation of 
thick bipolar filaments by the MgCl, while the MgCl, retards 
disassembly of the filaments by the antibody (as judged by 
-electron microscopy, data not shown). Figure 3 demonstrates 
at when the thin bipolar filaments are preincubated with 
tibody for <0.5 min, they have actomyosin-II ATPase activity 
_ comparable to thick bipolar filaments and antibody. This activity 
-. is four to seven times higher than the activity after the filaments 
are fully dissociated by the antibody. 

_ Compared with thin bipolar filaments, thick bipolar myosin-II 







_ merization and inhibition of the actin-activated Mg?*-ATP: 
_ by the M2.3 antibody (t,,. ~ 3 h). Fifteen hours of preincubation 
_ are required for complete disassembly of the myosin-II. thick 


~ filaments in 7.5 mM MgCl, are much more resistant to depoly- | 












“mol P, released per mg myosin-II 


preincubated with M2.3 in the absence of Mg. oo 


-Mg*"-ATPase (50-100 nmol mg™! min™'). This. 
_ Stimulated 5~10-fold by polymerization of myosin 
thick bipolar filaments. Stimulation of ATPase 


__ bipolar filaments and maximum inhibition of the actomyosin-II the state of Phosphorylation of myosin-II or it 
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Fig. 2 Time course of the inhibition of actomyosin-Il ATPase 
activity by antibodies M2.1 and M2.3. a: @, Myosin-Il preincu- =o 
bated with antibody M2.1 for ~60 min at 0°C; A, antibody MZ- 
added to actomyosin-II actively hydrolysing ATP 10 min after the 
Start of the assay, as indicated by the arrow; A, antibody buffer 
added to actomyosin-II 10 min after the start of the assay. b: @, 
Myosin-II preincubated with antibody M2.3 for ~60 min atO Co e 
O, myosin-II preincubated with antibody buffer ~60 min at U e 
A, antibody M2.3 added to actomyosin-II actively hydrolysing 
ATP 10 min after the start of the assay as indicated by the arrow; 
4, antibody buffer added to actomyosin-II 10 min after the start 
of the assay. a a 
Methods: Myosin-I] was purified and dephosphorylated by estab- | 
lished protocols'*'*, It was stored as thin bipolar filaments ina. 
buffer that preserves enzymatic activity for several weeks (sucrose 
storage buffer: 20% sucrose, 5 mM imidazole, pH 7.0,3 mM NaN, 
and 1 mM dithiothreitol). For the pre-incubation, 20 yl of myosin 
(0.43 pM) thin bipolar filaments in sucrose storage. buffer and 
20 yl of 4.3 uM antibody in sucrose storage buffer without dithioth- 
reitol were mixed and incubated on ice for ~60 min. Actomyosin-II 
ATPase activity was assayed by a method described elsewhere (in 
preparation). Actin-activated ATPase activity was measured by 
adding 360 ul of buffer containing actin, appropriate salts, and 
[y-**P]ATP in the presence of unlabelled ATP. Final assay condi- 
tions were 10 mM imidazole pH 7.0, 7 mM MgCl, 0.1mM Cah, 
0.5 mM ATP and 12 uM Acanthamoeba actin. In these conditions 
myosin-II forms thick bipolar filaments. The amount of released 
inorganic “*P was determined as described elsewhere (in prepar- 
ation). Actomyosin-II ATPase rate was calculated by subtracting 
hydrolysis due to myosin-II and actin alone and was typically 
responsible for >93% of the ATP hydrolysed in these samples. 
The release of inorganic phosphate (P,) is plotted as a function of 

time. 


ATPase activity (Fig. 3). Again, there is a good correlation 
between the number of filaments observed and the actin-acti- 
vated ATPase activity following addition of antibody M2.3 to __ 
myosin thick bipolar filament preparations. When all of the 
filaments have disappeared, the ATPase activity is 10-20% of —__ 
control values, similar to the samples of thin bipolar filaments _ 


















The inhibition of actomyosin ATPase activity and myosin- 
depolymerization to a similar extent by M2.3 Fab fragments 
(data not shown) and whole antibody suggests that the above 
results are not simply due to the cross-linking of myosin-II_ 
determinants and consequent myosin-II precipitatio 
M2.12 provides an important control: binding of thi 
to a site adjacent to the M2.3 site has minimal effect: 
polymerization or actomyosin ATPase activity, 

Monoclonal antibodies that inhibit filament forma 
strate directly that depolymerized myosin-II with 
heavy-chain phosphorylation has a low level of act 

















myosin polymerization occurs independently of am 
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Fig. 3. Time course of the concomitant loss of ATPase activity 
and depolymerization of filaments during pre-incubation of 
myosin-II with antibody M2.3. Myosin-Il thin (@) or thick (A) 
“filaments were incubated with a 10-fold molar excess of antibody 
M2.3 over myosin for various times, then parallel aliquots were 
-assayed either for actin-activated ATPase activity or for filament 
‘concentration. ATPase activity is expressed as the fraction of 
control activity, measured in the absence of antibody. The filament 
concentration is scored semiquantitatively (+++ to —) next to each 
ATPase point. In these pre-incubation experiments, the actin- 
activated ATPase that we measure is inhibited by ~30% as early 
as the zero time point, whether antibody is mixed with thin bipolar 
filaments in the absence of Mg** or with thick bipolar filaments 
in 7.5mM Mg”. This apparent partial inhibition at short times of 
pre-incubation is due to slow, antibody-induced loss of activity 
during the ATPase assay (Fig. 2 b, A). During preincubation, when 
ATP is absent, the thick filaments and the ATPase activity are 
stable for more than 30 min in identical concentrations of MgCl, 
and antibody. We conclude that ATP in the assay makes the 
filaments more sensitive to depolymerization by antibody. These 
observations concur with the observation that Mg’*-ATP 
decreases the stability of dephosphorylated myosin-II filaments’*. 
Methods: For the pre-incubation, myosin-II thin filaments (no 
Mg”*) were preincubated with antibody M2.3 as described in Fig. 
2 legend. Myosin-II thick filaments were formed from thin fila- 
ments by the addition of MgCl, to 8 mM, then preincubated with 
antibody M2.3 as described for the thin filaments. Controls 
included incubation with antibody buffer alone or with antibody 
that did not react with myosin-IJ. Actin-activated ATPase activity 
was assayed as described in Fig. 2 legend, except that the final 
Mg?“ concentration during the assay was 7.5 mM instead of 7 mM 
for all samples. For the estimation of the filament concentration, 
following preincubation a small aliquot of the antibody~myosin-II 
mixture was applied to a glow-discharged, carbon-coated | grid, 
then negatively stained with uranyl acetate as described elsewhere | 
_ (manuscript in preparation). Electron micrographs at magnifica- 
tions of X33,000 to x 50,000 were taken by a microscopist unaware 
of the history of each sample. The concentration of filaments was 
estimated from the micrographs and scored semiquantitatively by 
an-unbiased observer who was unaware of the origin of each print. 


conditions. The same may be true for other types of myosin, 

kag yet been tested directly. The actin-activated ATPase 
ini-filaments of intact skeletal myosin and of 
1 he olated after proteolytic digestion are reported 
to be almost identical’®. However, these results do not exclude 
the possibility that the ATPase activity of intact skeletal muscle 
myosin is influenced by polymerization, because proteolysis may 
alter the function. of the isolated heads, or may remove regula- 
tion by polymerization concomitant with removal of the myosin 
tails. As desc direct analysis of the effect of poly- 
"merization 0 iscle or vertebrate cytoplasmic myosins 



























tion 





activities, independent of changes 






, yrylation or in the solution conditions, 
Our new observations suggest that myosin-II polymerization 
could influence contraction in two ways: by effecting the forma- . 
tion of bipolar filaments that are probably structurally essent 
for some types of movement, or by directly stimulating the cycle 
of actin-myosin interaction necessary for mechanochemical 
energy transduction. Any mechanism, including phosphoryla- 
tion, that regulates polymerization would in turn influence ` 
myosin function by either or both mechanisms. We speculate 
that such coupling of polymerization and stimulation of actomy- 
osin ATPase activity may be unique to cytoplasmic contractile 
systems, where the cell is required to recruit myosin for transient 
functions in local regions of the cell. This contrasts with smooth 
muscle, where both resting and contracting cells contain myosin 
thick filaments”, phosphorylation of myosin light chains” must 
take place on pre-existing myosin filaments, and stimulation of 
actomyosin ATPase activity is probably independent of gross 
changes in myosin polymerization. In non-muscle systems the 
question remains as to whether phosphorylation influences the 
actomyosin ATPase simply by effects on polymerization. 

We thank John Sinard for help in preparing some of the 
specimens for electron microscopy, and Susan Hagen, Ann 
Hubbard, Doug Murphy and David Rimm for critically reading 
the manuscript. The research was supported by a New Inves- 
tigators Research Award from the NCI (CA31460) to D.P.K. 
and NIH grants GM-26338 and GM-26132 to T.D.P. A 
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Corrigendum 


The gait of Hipparion sp. 
from fossil footprints — 
in Laetoli, Tanzania 


E. Renders E 

Nature 308, 179-181 (1984) 

IN line 17 of the penultimate paragraph on page 180,\the speedy 
of the adult Hipparion should be 6.5-8 km h`, not 10kmh T 
as given. T E 4, 

































POSTDOCTORAL 
ASSOCIATE RESEARCH POSITIONS 
SCIENTIST IN MOLECULAR 
Associate Research Scientist, San IMMUNOLOGY 


-Francisco Area, to perform research 
‘In the molecular genetics of 
homoglobin biosynthesis, the 
biochemistry of blood clotting 
Southern & Northern blotting and 
infections of cells by mammalian 
DNA & RNA viruses, and the 
molecular biology of lymphomas and 
cancer in an academic setting, Min. 
req’ts.: Ph.D. (Micro-biology or 
other related field akin to above- 
` described research). 


Salary: $18,000/Ist year. 


™ Apply by sending your resume to 
POB 865, Sacramento, CA 95804 
and refer to job order number 9057 ; 
by no later than May 15, 1984, 
(NW493)A 


Project areas concern the molecular 
mechanism of lymphocyte mediated 
cytolysis (both at the protein and 
DNA level) and of complement 
mediated cytolysis (protein and 
DNA). 


_Assuming new position at the 
Department of Immunology/ 
Microbiology, New York Medical 
College, Valhalla (Westchester 
County), New York 10595. 
Interested individuals please send 
curriculum. vitae and references to: 
Eckhard R Podack, MD, Professor 
for Immunology/Microbiology, 
Scripps Clinic and Research 
Foundation, Dept of Immunology, 
10666 North Torrey Pines Road, La 






ook 


DENA JJHS (213) 796 9200 


STON CEL Assoc (617) 848 9306 7 
nt, Toronto, Ontario M4E 1L1 (416) 690 2423 


DEPARTMENT OF CHEMISTRY 


POSTDOCTORAL 
_ RESEARCH ASSISTANT 


Applications are invited for a 
Postdoctoral Research Assistant- 
ship, supported by the SERC for 
work on the biosynthesis of pyrro- 
lizidine alkaloids. Candidates should 
have a strong background in organic 
Synthesis or natural product 
chemistry. The appointment will be 
available for 18 months, starting as 
soon as possible, ata salary within the 
range £7,190-£8,530 per annum 
(Range 1A under review, Research 
Staff Scale). with USS benefits. 
Applications including a full 
curriculum vitae and the names of 
two referees should be sent to Dr D J 
Robins, Department of Chemistry, 
oo of Glasgow, Glasgow G12 


umber. 





LECTURESHIP = 


from entomologists who are able to 
teach both fundamental and applied 
aspects of the subject. Preference will 
be given to candidates with ‘proven 
research abilities in crop protection, 
developmental physiology or aspects 

of pesticide resistence. The appoint- 
ment will be for a fixed period of 5 
years from 1 October 1984. Salary 
scale £7,190 to £14,125 pa plus USS/ 
USDPS benefits. Further particulars 

and application forms (2 copies) are 
available from Personnel Officer, 
University of Reading, Whiteknights, 
Reading RG6 2AH, Tel: 40734). 
875123 ext 220: Please quote Ref 


UNIVERSITY OF 
LIVERPOOL 


“NEW BLOOD” 


~LECTURESHIP IN FUNGAL 
PHYSIOLOGY/ 
BIOCHEMISTRY 
“Applications are invited for the post 
of Lecturer in the Department of 
Botany, established under the UGC 
‘New Blood’ initiative and tenable 
from 1 October 1984, Candidates 
should normally be aged 35 or under 
on appointment. Persons holding 
permanent university appointments 
in ei UK, of whatever kind, are 
inch 
post. 







ble for appointment to this 


‘New Blood’ appointments are 
primarily for research and this 
particular post will be concerned with 
physiological and biochemical study 
of fungi in relation to their natural | 
‘environment. In view of the con- 
siderable mycological expertise in the 
Department, particularly the 
research group under Professor D H 
Jennings, it is important that the 
Successful applicant brings strong 
physiological biochemical rather 
than mycological expertise to the 
post. It should therefore be of interest 
to those with skills in biophysics, 
biochemistry and physiology and 
who feel able to apply these skills in 
tA@rabove research area. 


-c Phe initial salary will be at an 
appropriate point within a specified 
range of the Lecturer scale 
(£7,190-£14,125 per annum). 


. Applications, together with the 
names of three referees, should be 
received not later than 4 June 1984 by 
the Registrar, The University, PO 
Box 147, Liverpool, L69 3BX, from 
whom further particulars may be 
obtained. Quote Ref: RYE 7 











Jolla, CA 92037, 


1827)A 


in reply, please quote Ref No 
(NW487)A 5240M. 


AC 8410. Closing date 21 May 1984. 
(1828)A ? ee 


___1809)A 


Research Scientist 
Biological NMR Spectroscopy 


Roche Products Limited, is a major international pharmaceuticals company and at 
Welwyn Garden City we manufacture a wide range of high quality research based 
products for world markets. 

Within our Physical Methods Department we are now looking for a young Scientist . | 
who can apply modern high-field NMR Spectroscopy to solve a variety ofcomplex f 
biological problems, which include detailed studies of enzyme/inhibitor A 
interactions, the effects of drugs on cellular metabolism and applicationof NMRto. f 
other aspects of biochemistry and pharmacology. Toe | 
At present we are operating a Bruker WM-300inourmodern, wellequipped T 
laboratories anda second high-field instrument is likely to be installed beforethe 
end of 1984. The man or woman appointed will be expected to work closely with 
other members of multi-disciplinary project teams, including staff involved in using 
molecular graphics for drug design. eee. 
Applicants should have a PhD in Chemistry or Biochemistry and be thoroughly _ 
familiar with the practical aspects of high-field NMR Spectroscopy and preferabh 
have experience in using the technique in biochemical research. ae 















Please send full cv to Mrs ML Clewley, Personnel Officer, or telephone Mrs D u 
an application form on Welwyn Garden 281 28 ext 2129. ROCHE PRODU! 
LIMITED, PO BOX 8, WELWYN GARDEN CITY, HERTS AL7 3AY. 7 


L'université de CAEN recrute un Professeur de Biochimie ayant une 
expérience en Biologie moléculaire, de préférence 
microbienne. 

Son activité de recherche s’exercera au sein d'un groupement 
scientifique CNRS de création récente. 
enseignements de ter et 2ème cycle 
moléculaire. 





The international Livestock Centre for Africa publishes Research 
| Reports, a Bulletin, a Newsletter and Conference Reports. The Centre 
> is looking fora scier 
ccf preparing a variety of texts 
CE scientific editing background in the field cf agriculture, with substantial 
=i experience, and will be expected to work independently with litte 
| supervision, proc 
- scientific standards. The appointee’s main language will be English but 
some proficiency in French is: 
cotf design would- be an added advantage. 
a benefite are attractive and in dine with 
ree: | organisations... k 
Applications including current c.v. and addresses of three 
referees should be sent lin confidence) by May 31, 1984 to 













We are looking for a number of enthusiastic scientists who would welcome the 
“opportunity to join a highly successful multi-disciplinary group involved in the 
production of amino acids. The group consists of molecular geneticist, 

biochemists, fermentation technologists and chemists and is responsible for all 
_ ‘stages of development from gene cloning to production scale in our ultra-modern 


“Biological Development Pilot Plant. 


We are particularly interested in employing people with skills in the following areas. 
1) Bacterial physiology, particularly the inter relation between growth conditions 


_ and gene expression, 
2) Molecular genetics of bacteria other than £ coli; 
3) Enzymology/ biochemistry of micro-organisms. 


Applicants should either be graduates with relevant research experience on the 


_ above areas or have completed their PhD. 
. The Company offers:- 
~* 37% hour working week 


* 93 days basic holiday entitlement 


* subsidised restaurant 


* generous health insurance 


* contributory pension scheme 


* active recreation club 


Please apply to Rod Cook, Assistant Personnel Manager, Searle 

Research & Development, Lane End Road, High Wycombe, 

Bucks, (Tel: High Wycombe 21124 ext 3372), Please quote 
«reference PROS. 





(1850)A 










UNIVERSITE DE CAEN 


PROFESSEUR DE BIOCHIMIE 


en Génétique | 





li participera aux 
de Biochimie et de Biologie 


Ld Paar 


dresser curiculum vitae et références a‘’'Madame la Présidente 
de l'Université” de CAEN — 14032 FRANCE. (W930)4 


ADDIS ABABA ETHIOPIA | 
Science Writer 














ice writer tO assist ILCA’s research scientists in 
for publication. The appointee will have 2 























raducing manuscripts that meet the highest international 











desirable: Experience in publication 
Remuneration and related 
these of other international 


























Personnet Officer 
— HCA 
P.O. Box 5689 
Addis Ababa 
_. Ethiopia 7 
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UNIVERSITY 
LECTURESHIP 
(NEW BLOOD) IN 
PHARMACEUTICAL 
CHEMISTRY 
Applications are invited from medici- 
nal chemists, organic chemists, bio- 
organic chemists and persons in 
| related fields. Research in the 
| Department is multidisciplinary.and 
involves the application of chemistry 
and biochemistry to the pharmaceuti- 
- cal and biological sciences, including 
pharmacology, endocrinology, para- 
sitology and immunology. Specific 
current research includes synthetic 
chemistry and metabolism of drugs; 
conformational analysis; NMR and 
mass spectroscopy; synthesis isola- 
tion and sequencing of calcium bind- 
ing proteins, phosphoproteins, en- 
zymes and membrane proteins; elec- 
troanalytical methods; light scatter- 
ing and diffusion. The Department 
contributes to the teaching of the 
University of London’s under- 
graduate BPharm and BSc (Toxi 
cology & Pharmacology) degrees. 


Salary in range £7190 — £14125 + 
London Allowance (£1186) pa. -d 


Further details from Professor W 
A Gibbons, Department of Pharma: 
ceutical Chemistry (address: as 
below). 


Applications (6 copies) with Cur 
riculum Vitae and names of 2 referee: 
to: Personnel! Officer, The School o 
Pharmacy, University of London 
90/39 Brunswick Square, Londo: 
| WCIN LAX (Tel: 01-837 7651). 

(184534 
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THE UNIVERSITY OF LANCASTER 
CHAIR OF BIOLOGICAL SCIENCES 


Applications are invited for a Chair in the Department of Biological 
Sciences which will fall vacant when Professor C.D. Pigott takes up a 
post at Cambridge. The appointment will be made from 1 October 1984 
or as soon as possible thereafter. 

Preference will be given to applicants having research interests in 
biochemistry or some aspects of cell biology but applications will be 
considered in any field of experimental biology. | 
Salary will be within the professorial range {present professorial: 
average £20,300 p.a.). Nine copies of applications, including the 
names of three persons to whom reference may be made, 
should be sent NOT LATER THAN 11 MAY 1984 (quoting 
reference LO50/C} to the Establishment Officer, University 
House, Bailrigg, Lancaster LAT 4YW. from whom further. 
particulars may be obtained. BEIJA. 
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UNIVERSITY OF ABERDEEN 
Regius Chair of Obstetrics and Gynaecology 
The Secretary of State for Scotland invites applications for the Regius 
Chair of Obstetrics and Gynaecology in the University of Aberdeen 
which falls vacant on 1 October 1984 on the retirement of Professor ian 
McGillivray. . ase ) p 
It is expected that in addition to high professional standing and 
excellence in research, the new: Regius Professor should have the 
capacity and the motivation for arole in leadership in the Department of 
Obstetrics and Gynaecology, in the Faculty of Medicine and in 
University as a whole. | — | 
A note of the Conditions of Appointment and Further Particulars may 
be obtained from: . ee 





The Secretary —— 

Scottish Education Department 

Room3 14 —— 

New St Andrew's House 
EDINBURGH 

OO EHI3SY 








Five copies of applications, accompa 


ied by: the names of three 


referees, should be sent to the above address by 21 May 1984. (170 
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Glaxo Group Research is Britain’s leading pharmaceutical research organisation, with a 


distinguished reputation for fundamental research leading to the discovery and development 
of safe and effective new medicines, p its 







Our Neuropharmacology Department is located in new laboratories at our Ware research site. | 
The Department is primarily concerned with the identification of novel. and improved 
medicines for diseases of the central nervous system, pain and for gastrointestinal disorders. _ 







A vacancy has arisen for a Research Leader to head a team investigating new treatments for 
Alzheimer's disease. We are seeking a neuropharmacologist with at least four years’ relevant- Le 
post-doctoral experience, part of which should. have preferably been spent inthe 3 
pharmaceutical industry. This position offers considerable scope for innovative research and 


interaction with other neuroscientists in a multi-disciplinary environment. 












We offer an attractive starting salary which will reflect the experience of the successful 
candidate. Our comprehensive benefits package includes non-contributory pension and life 

assurance, together with participation in Glaxo Group profitability. Generous relocation. 
assistance will be available if appropriate. 











Please write or telephone for an application form to Dr. D. J. Humphreys, Senior Personnel 
Officer, Glaxo Group Research Limited, Ware, Herts. SG12 ODJ. Tel: Ware (0920) 3993. 


Glaxo Group Research Ltd. (1870)A 
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MOLECULAR 
BIOLOGISTS 


Research. and Development of Phillips Petroleum Company is 
looking for experienced molecular biologists for its: expanding 
Biotechnology Group. 


We are seeking to recruit an energetic young graduate to join 
a recently established team of molecular biologists working as 
part of a wider muttidisciplinary group ina particularly 

innovative research area, 


The successful candidate will be involved in the development 
of methods based on the hybridisation of nucleic acids and will 
interact closely with oligonucleotide chemists, microbial 
physiologists, protein chemists and immunologists. 


Applicants should be graduates in biochemistry, or a related 
discipline, with experience of a wide range of biochemical 
techniques. A broad knowledge of molecular biology and 
some experience of recombinant DNA techniques would 
be advantageous. 









individuals with the following background and experience are E 
needed: PhD in Molecular Biology or Microbiology with emphasis in Be 
expression of cloned genes in yeast, £. coli, and gram positive mod 
bacteria. Laboratory experience in the following areas is desired: 
DNA sequencing, cloning and gene expression. | roe 
















Phillips Research Center is located in Bartlesville, Oklahoma, a mid: 
western community which provides excellent cultural, educational, 
and recreational pursuits. Phillips Petroleum Company also offers. - 
competitive salary and benefits package. yes ay 








inquiries are kep in strict confidence and answered promptly. Please 


The successful candidate will be based at the Pharmaceuticals meas 
send résumé with salary history to (no agency referrals please): 


Division research laboratories which are situated in rural 
Cheshire. An excellent salary and good conditions of 
employment are offered, together with generous relocation 
assistance if appropriate. 


Applications, including a detailed CV, should be addressed to: 


Miss J E Huckvale (ICP 836 N) 
Personnel Department 

imperial Chemical industries PLC 
Pharmaceuticals Division 
Mereside Research Laboratories —_. 
Alderley Park, Macclesfield = 
Cheshire. a i 





Jeannie E. Spain i 


PHILLIPS RESEARCH CENTER 
Bartlesville, OK 74004 | 














An Equal Opportunity Employer 














ST. BARTHOLOMEW’'S HOSPITAL 
DHSS DEPARTMENT OF TOXICOLOGY 


Senior Lecturer in Toxicology 
Deputy Director of the DHSS 
Department of Toxicology 


An experienced scientist is required to develop and lead a team investi- 

gating biochemical aspects of toxicity, comprising basic research into 
mechanisms and studies of a wide range of natural and synthetic 
compounds. The post is in a Department with a broad interest in 
toxicology and will require close collaboration with pathologists and 
others studying problems of toxicity and developing novel means to 
investigate them. Extensive knowledge of the application of modern 
analytical and experimental techniques to toxicology is necessary, as 
well as experience of teaching the subject at all levels. A higher degree 
in biochemistry or biochemical toxicology and a proven interest in 
biochernistry research is essential. 


As Deputy Director, the job-holder will be responsible for planning and 
directing much of the work of the Department. 

Forfurther information and application forms please contact the 
Dean's Office, St. Bartholomew's Hospital Medical College, 
West Smithfield, London, EC1A 7BE, quoting Ref. JR 11. 


Closing Date: 21st May 1984. {1856)A 










INSTITUTE OF VIROLOGY 


Scientific Officer 
in Virus Ecology 


Applications are invited from scientific graduates lor those with an 
equivalent qualification) who have an interest in microbiology to work 
in the virus ecology section of the IOV. 
The postholder will assist the Head of Section with the conduct of field 
experimentation in insect virus ecology and the use of viruses as insect 
control agents. 

Candidates should be prepared to acquire a satisfactory level of 
knowledge of insect viruses in order to participate in experimental work 
ih the laboratory. They should also be prepared to travel overseas on 
insect virus control projects and must be sufficiently physically fit to 
work under arduous conditions abroad. 

Salary in the range of £5,682 -- £7,765 depending on qualifications and 
experience, 

For further details and an application form please write to: 
Secretary to Director, Institute of Virology. Mansfield Road, 
Oxford, OX135R. (1852)A 


NATURAL ENVIRONMENT RESEARCH COUNCIL 





UNIVERSITY OF ABERDEEN 
Regius Chair of Surgery 


The Secretary of State for Scotland invites applications for the Regius 


Chair of Surgery in the University of Aberdeen which is presently | 


vacant, 
It is expected that in addition to high professional standing and 


excellence in research, the new Regius Professor should have the 
capacity and the motivation for a role in leadership in the Department of 


Surgery, in the Faculty of Medicine and in the University as a whole. 
A note of the Conditions of Appointment and Further Particulars may . 


be obtained from: op. 
The Secretary 
Scottish Education Department 
Room 3/114 
New St Andrew's House 
EDINBURGH 
: EH13SY | 

Five copies of applications, accompanied by the names of three 


referees, should be sent to the above address by 21 May 1984. (1706)A — S 











DEPARTMENT OF PHYSIOLOGY 


LECTURESHIPS 
Applications invited for a 
LECTURESHIP and TEM- 


PORARY LECTURESHIP (four 
years) in Department of Physiology. 
Applicants should normally have 


post-doctoral experience in their- 


chosen field and, hence, havea clear 
idea about their research interests. 
Collaboration with other depart- 
ments in the College is encouraged. 
They should have published in their 
field and would be expected to seek 
outside support for their research 
from a Research Council and 
Charitable Trusts. 


The successful candidates will play 
an active role in the teaching of the 
department which includes courses in 
Physiology for Medical Dental, 
Science and Speech Science students. 


Applicants in any field of 
physiological sciences are en- 
couraged to apply. Applicants for 
other lectureships advertised recently 
in this department will be considered 
if they submit an updated c.v. Salary 
on Lecturer scale £7,190-£14,125 
(under review) plus £1,186 London 
Allowance. 


Applications and enquiries should 
be sent to Professor T J Biscoe, 
Department of Physiology, Univer- 
sity College London, Gower Street, 
London WCIE 6BT. Tel: 01-387 
7050 ext 322. Closing date: 31 May 
1984, (1832)A 





MOLECULAR GENETICS. 
Applications are again being invited 
to fill a tenure track faculty position 
with an individual who will initiate a 
vigorous research program in some 
aspect of either procaryotic or 
eucaryotic molecular genetics/ 
biology. The successful candidate 
also will be expected to participate in 
the department’s undergraduate and 
graduate teaching programs. Inter- 
ested persons should provide a cur- 
riculum vitae, a resumé of their pro- 
posed research program and arrange 
to have three letters of reference sent 
to: Molecular Genetics Search 
Committee, Department of Biologi- 
cal Sciences, Wayne State University, 
Detroit, MI 48202. (NW492)A 





THE ROYAL SOCIETY 


has a vacancy for an 
EDITORIAL ASSISTANT 


(up to 25 years old) to assist in its 
editorial department, mainly on 
mathematical and physical journals. 
Science graduate with general apti- 
tude for scientific editorial work re- 
quired; sound grounding in mathe- 
matics and chemistry essential. 


Progressive salary scale, and 
modern superannuation scheme. 
Commencing salary, according. to 
age and experience, in range £7066 to 


£8376 per annum. Non-smoker 


preferred. 


Applications with details of two 
referees to the Executive Secretary, j- 
The Royal Society, 6 Carlton House | 
| Terrace, London SWIY SAG by 
-F| 18 May, marking the envelope 

A | ‘Personal: MBG”. (1857)A 


-| LATROBE UNIVERSITY. 


| phoric acid derivatives and protein: 
Tf you have a good background an 
| ability in organic chem 
--would like to join in eithe 
. forts as a postdoctoral: 


Dept of Biochemistry, U: 
| Equal O 
tionEmployer, 










~~ Melbourne, Australia “ae 


AUSTRALIAN CENTRE FOR 
INTERNATIONAL AGRICULTURAL | 
RESEARCH 


RESEARCH ASSOCIAT 


The School of Biological Sciences, 
Department of Biochemistry, invites 
applications for the above position. 
The position is supported by a grant. . 
from the Australian Centre for Inter- 
national Agricultural Research for 


© work on Utilization of Fibrous Agri- 


cultural Residues as Ruminant Feeds. 
Research to be conducted under the 
direction of Professor B.A. Stone in 
collaboration with a group led by 
Professor A.R. Egan at Melbourne 
University and groups in Thailand 
and the Philippines. 


Applicants should have experience 
with modern methods of cell wall 
chemistry and physical chemistry, 
including mass spectrometric and 
NMR techniques for the characteri- 
sation of polysaccharides and lignins. 


Appointment for one year in the 
first instance. Assistance towards 
travel will be available. Enquiries to 
Professor B.A. Stone. 


SALARIES: Research Assist 
SAI7,815 to $A20,164,. Researci 
Associate at the rate of $A20, 164. 


Further information and applica- 
tion forms are available from the 
Association of Commonwealth 
Universities, 36 Gordon Square, 






| London WC1H OPF. Applications 


close on 4 June 1984. (W933)A 





THE KENNEDY INSTITUTE 
OF RHEUMATOLOGY 


POST DOCTORAL 
SCIENTIST 


Required for molecular studies of 
lysosomal enzyme transfer. Exper- 
ience of- protein/membrane bio- 
chemistry would be an advantage. 


Applications with curriculum 
vitae and names of two referees to the 
General Secretary, The Mathilda and 
Terence Kennedy Institut of 
Rheumatology, Bute Gardens, 
Hammersmith London W67DW. 

(1840)A 





‘UNIVERSITY OF 
NORTHERN CAROLINA 


DEPARTMENT OF BIOCHEMISTRY 


POSTDOCTORAL 
RESEARCH ASSOCIATE 


Weare trying to understand the inter 
actions of biological compounds wit 
solvent water, and how their strengt 
and directional character affect livin 
processes (Science 222, 1087 (1983). 
We are also trying to work out som 
consequences of transition “fat 
theory for enzyme action and dru 
design, in the synthesis of derivative 
of adenosine, ether lipids, pyropho: 



















associate, contact R V Wi 


Chapel Hill, - 
portunity/ Affirm 
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- THE UNIVERSITY OF 
MELBOURNE 
E BIOCHEMIST 
RESEARCH FELLOW 
. GRADE l or 2 
Readvertised and Amended) 
in the 
MARINE CHEMISTRY 
fo. LABORATORY 
< “DEPARTMENT OF INORGANIC 
Br CHEMISTRY 
_ A Research Fellow will be appointed 
: to investigate forms and functions of 
© trace elements in squid and octopus. 
: «There will be support with analytical 
© chemical aspects of the project, and 
= with phytoplankton culture. The 
programme is supported by a grant 


from the Marine Science and 
_ Technologies Grants Scheme. 


Applicants should have a PhD in 
Biochemistry, or a related field. The 
appointment will be for one year. It is 
expected that funds will be available 
to allow reappointment for a further 
two years, Further details can be 
obtained from Dr J D Smith (03 341 
7093), in the University. 


. Salary within the range of 

4w.i20,164 to $23,100 per annum 
(Research Fellow Grade 1) or up to 
$A23,394 per annum within the range 
$$A23,394 to $30,734 per annum 

. (Research Fellow Grade 2) according 
‘to qualifications and experience. 


A contribution to an airfair to 
Melbourne may be made. 


Further printed information 
regarding details of application 
procedures and conditions of 
appointment is available from the 
“Appointments Officer (Academic), 
‘University of Melbourne, Parkville, 
< Victoria 3052, Australia, or from the 
Association of Commonwealth Uni- 
versities (Appts), 36 Gordon Square, 









London WCIHOPF, (W924)A 
UNIVERSITY OF 
LIVERPOOL 
DEPARTMENT OF BIOCHEMISTRY 
LECTURER 


Applications are invited from 
suitably qualified persons preferably 
with some post-doctoral experience 
for an established Lectureship 
tenable from Ist September 1984. 
Candidates should be capable of 
_ developing independent research and 
- Of contributing to teaching in one of 
“the Honours Courses involving the 
“Department (Biochemistry, Bio- 
chemistry/Medical Cell Biology and 
‘Molecular Biology). Research in- 
terests and experience in a field within 
the general areas of Microbial Bio- 
chemistry, Molecular Biology or En- 
Zypology advantageous since 
ties for such work are more 
dily available. 


Initial salary in the range £7,190 
'+£8,530 on a scale rising to £14,215 
pa. 





`. Applications, together with the | 


“names of three referees should be 
received not later than 1 June, 1984, 
‘by the Registrar, The University, 
P.O. Box 147, Liverpool L69 3BX, 
tom whom further particulars may 
obtained. Quote Ref: RV/294/N. 
DS cay fens J EB3B)A 







UNIVERSITY OF 
NEWCASTLE UPON TYNE 
DEPARTMENT OF AGRICULTURAL 
BIOCHEMISTRY AND NUTRITION 


“NEW BLOOD” 
LECTURESHIP 


Applications are invited for a Lec- 


tureship in the Department of- 
Agricultural Biochemistry and Nutri- | 
tion funded the under the U.G.C. | 

“New Blood’ scheme. Applicants . 
should normally be under 35 years of _ 
age. The post is available from Ist | 


October 1984. 


The Department has a long stan- 
ding commitment in the field of bio- 
chemistry and nutrition of ruminant 
livestock, with particular reference to 
microbial digestion within the rumen 
and its significance for the host 
animal. Applications for this post are 
invited from suitably qualified per- 
sons preferably with considerable ex- 
pertise in the technique of recombi- 
nant DNA technology and an interest 
in working in the applied field of 
agricultural science. 


Although situated in the Depart- , 
ment of Agricultural Biochemistry - 


and Nutrition the appointee would be 
expected to work closely with Pro- 
fessor P.T; Emmerson in the Depart- 
ment of Biochemistry, Faculty of 
Science, and would be responsible for 
developing a research programme 
directed to some aspect relevant to 
the nutrition of ruminant livestock. 


Salary will be on the Lecturer’s 
scale: £7,190 — £14,125 per annum, 
according to age, qualifications and 
experience. 


Further particulars, quoting post 
Ref. 1, may be obtained from the 
Senior Assistant Registrar (F.P.), 
The University, 6 Kensington Ter- 
race, Newcastle upon Tyne. NEI 


7RU, Applications (3 copies), giving | 


the names and addresses of three 
referees should be received not later 
than 18th May 1984. (182A 





DURHAM UNIVERSITY 


NEW BLOOD POST: 
DEPARTMENT OF BOTANY 
Applications are invited 

for the post of 


_ LECTURER 


tenable from 1 October 1984 from T 
natural product scientists with | f 
the properties, 


interests in 
distribution, ‘ biosynthesis and 
commercial utilisation of plant 


products. for the food or related 


industries to undertake research in 
this field and to complement existing 
research in the Department. 
Teaching will be associated with the 
honours degree courses in Botany 
and in Molecular Biology/ 
Biochemistry and a strong back- 
ground in Chemistry is essential. 


Salary on the scale £7,190-£14, 125 


with USS. 


three referees. should. be sent by 10 


May 1984 to the Registrar, Science | 


Laboratories, South Road, Durham 
DHI 3LE, from whom further. par- 


| ticularsmay be obtained, (1808)A | 
















QUALIFICATIONS: Applicants should possess a PhD degree or equivalent qualifica- AES a 
tions, with appropriate knowledge and experience in matic and ultramafic petrology 8 
and related igneous processes including sulphide genesis. A knowledge of Archaean o o 
geology and related metamorphic processes will be a definite advantage. A E 
LOCATION: The appointee will be based at the Division's research laboratory at o 
Floreat Park, Perth, Western Australia but wil Spend time inthe field, oo oe e 
slat A term of two years with Australian Government superannuation benelits = 
available. ms = | 
APPLICATIONS: Requests for further information or applications stating full personai 
and professional details, the names of at least two professional referees and quoting i 
reference No M8616. should be directed to: io 


The Acting Chief, 
CSIRO Division of Mineralogy 
Private Bag PQ, 
WEMBLEY WA 6014, 
AUSTRALIA. 

By May 25th, 1984. 


CSIRO IS. AN EQUAL OPPORTUNITY EMPLOYER 









62667 8 





(W927)A 





` UNIVERSITY OF GLASGOW | 
Department of Electronics & Electrical Engineering 


_ LECTURESHIPS IN | 
ELECTRONICS AND ELECTRICAL | 
ENGINEERING $ 


Three Lectureships are offered in the Department of Electronics and f 
Electrical Engineering. Salary will be within the range £7,190-£14-12 

on the Lecturers’ scale, with placement according to age, qualifications 
and experience. : ee eet 


I.T. LECTURESHIPS — 2 POSTS (Ref. vo. 523m) | 


_ Two Lectureships have been made available in connection with ane 


M.Sc. Course in Optical Information Technology. Applicants sh 


have an interest in Optical Communications with a ba 


Electronics, Systems Studies, Telecommunications, 


Materials or Electromagnetic Theory. oa j 
LECTURESHIP IN ELECTRONICS & 
ELECTRICAL ENGINEERING /Ref. No. 5238M): 


A Lectureship is also offered for which it is hoped that the candida 
have. a research interest connected with one of the present inte 
the Department. A person with an interest in HEV Sernico. 
Devices. would be particularly welcome but other depa 
interests include Integrated Optics, Electron Beam Lit 
Control Systems and Microcomputers. Si 
Departmental research is well funded with many industria 


Further particulars may be obtained from thi 


| Personnel Office, University of Glasgow, Glasgov 


Applications (3 copies) naming | _ where applications (8 copies), giving the names an 


of not more than three referees, should be lodged or 
4th June, 1984. hae 


In reply please quote appropriate Ref. No. 





“above post allocated under the 
io UGC’s ‘New Blood’ Scheme and. 
> available from | October 1984. While 
© the research area is not specifically 
© defined, applicants should have an 
<-i interest in the application of cell: 
1 biology techniques to biochemical 
» problems. The upper age limit for 
<i appointment is 35 years. 


Lecturers (£7,190 — £14,125) (under 
oo review) 
< qualifications and experience. 


: particulars may be obtained from thej 
` Registrar, The University, Leeds L52 
—9JT, quoting reference: no. 83/53/D. 4 I 


[Professor _ 
of Applied Enzymology 


| Applications are invited for appointment to a Chair of 
„Applied Enzymology within the Department of 
|'Chemistry and Chemical Engineering at Delft 
University of Technology, The Netherlands. 


‘The new professor will head a group which is currently 
actively researching the subject of PQQ 
dehydrogenases and which forms part of a formal 
collaboration between groups at Delft and at the 


University of Leiden in the major field of biotechnology. 


A constructive contribution to the organisation and 
management of this total effort will be expected. 
The person appointed will be an outstanding 
biochemist with research experience in the field of 
enzymes. Some industrial experience would be 
considered to be an advantage. He or she will be 

| required to take an active part in teaching at both the 
undergraduate and post graduate levels and to be 
vigorous in the development and supervision of the 
research programme. 


The position is tenured and the salary will be within 
the professorial range (Dfi. 6.364,- - Dfl. 9.005,- gross 
per month) dependent upon age and experience. 


Applications from interested persons, or nominations 
Jof suitable candidates, should inciude a curriculum 
vitae and a list of publications and should be sent to 
the Dean of the department, Professor P.A. Schenck, at 
the address below. Applications should be received by 
May 24 th’ 1984. Further information may be obtained 
from the Dean or from Professor J.G. Kuenen, Head of 
Applied Microbiology, at the same address. 


Address: 

| Delft University of Technology 

Department of Chemistry and Chemical Engineering 
P.O. Box 5045 


2600 GA Delft, The Netherlands. (W936)A 


iaia 


THE UNIVERSITY UNIVERSITY 
OF LEEDS OF LONDON 
pee NG INSTITUTE Ch NEUROLOGY 
LECTURER POSTDOCTORAL 


TISSUE CULTURE 


Applications are invited for the 








David M Bowen. 















Salary on the academic scale for 


according to age.| working on Alzheimer’s disease. 






Application forms and further 









The Secretary, 
Neurology, The National H 






losing date for ap 








5 Satie 



















































RESEARCH ASSOCIATE IN 


Required in Department of Neuro- 
chemistry to work on neuronotrophic 
and endogenous toxic factors with Dr 


Initial appointment will be for 3 to 

§ years with the possibility of re- 

appointment for further periods ofS 

years. The successful applicant 

although working on his or her own 
project, will be part of a larger group - 


There is no application form. 
Applications including a cv and the | 
names of 2 referees should be sent to p 
. Institute of” 
tional Hospital, 

s0.as LO | 






OF LONDON © 
DEPARTMENT Cob BOTANY AND 
MICRO BICH OGY 


Applications are invited for: 
a) “NEW BLOOD” 
LECTURESHIP 


in Plant Biochemistry and Bio- 
physics. Candidates should have 
interests in the application of bio- 


photosynthesis research, membrane 
biochemistry, or in the application of 
magnetic resonance techniques (EPR 
or NMR) to other biological systems 
would be equally acceptable. The 
Lecturer will be expected to col- 
laborate with the existing photo- 
synthesis research group in teaching 
and research. Salary on scale 
£7,190-£14,125 + £1,186. 


Applications to: Assistant 
Secretary (Personnel), University 
College London, Gower Street, 
London WCIE 6BT. 


b) An SERC-supported 
POST-DOCTORAL 
RESEARCH ASSISTANT 


to join the photosynthesis research 
group investigating the properties of 
the electron acceptors of photo- 
system 1. Candidates should have a 
background in Biochemistry or 
Chemistry and research experience in 
either membrane biochemistry or in 
the application of advanced spectro- 
scopic techniques in photobiology or 
photochemistry. The appointment is 
available up to three years. Salary on 
scale 1A £7,190-£8,080 + £1,186. 


Applications to: Professor MC W 
Evans, Department of Botany & 
Microbiology, University College 
London, Gower Street, London 
WCIE 6BT from further details may 
be obtained. 


Closing date for both posts is 22 
May 1984. (1L763)A 





ST THOMAS’S HOSPITAL 
MEDICAL SCHOOL 


(U nited Medical and Dental 
Schools, London SEI 7EH 


RESEARCH TECHNICIAN 
DEPARTMENT OF IMMUNOLOGY 
Applications are invited for the post 
of Research Technician (MLSO) to 
work on autoimmunity in experi- 
mental and clinical retinal disease. 
Previous research experience in bio- 
chemistry or immunochemistry 

essential. Pe yy 

Project supported by MRC and the. 
Iris Fund for Prevention of 
Blindness. Post renewable annually 
for up to three years in the first 
instance. Salary on MLSO scale. 
Whitley Council conditions of 
- service. 


Applications including CV and 


Secretary, 








physical techniques to the study of- 
photosynthesis. Experience in either | 


and the names of three re 
Dr Robert 5 Molday, D 
- Biochemistry, Unive 
Columbia, Vancouve 


names of two referees to the. 
Department of 
Immunology, St Thomas’s Hospital 
and Medical School, London 









CARBOHYDRATE CHEMIST 
ASSISTANT OR ASSOCIATE - 
PROFESSOR IN RESIDENCE 
The Dept of Pharmaceutical 
Chemistry, University of Califorra, 
San Francisco, and the Veterans 
Administration Medical Center, San 
Francisco, have a joint faculty 
position available immediately. We - 
are seeking a person who has a strong- 
interest in the physical and chernical 
nature of carbohydrate antigens and | 
in antigen-antibody interactions at- 
the molecular level. This research will 
be performed as a collaborative 
effort involving NMR and mass 
spectrometry specialists, bio- 
physicists, biologists, carbohydrate. 
chemists, and immunochemists. The 
candidate should be able to work 
independently in a multi-disciplinary - 
environment, with the capability to 
interact with a ‘collaborative group. 
Candidates must have a PhD in. 
chemistry or biochemistry with two 
years’ demonstrated postdoctoral 
experience in carbohydrate chemistry 
or in a related field. This is a non- 
tenured track position with a normal 
teaching load in the Dept of 
Pharmaceutical Chemistry. The. 
successful applicant will be expect -: 
to developo a strong, independent 
research program. Funding is: 
available for a minimum of three. 
years with anticipated renewal. 
Preference will be shown to Assistant 
Professor level applicants but 
applications from more senior 
candidates will also be considered. 
Salary will be commensurate with 
experience in this area. By June 1, 
1984, candidates should submit 
copies of curriculum vitae and 
reprints and reprints, arrange for 
submission of three letters of 
reference, and provide a brief 
description of their research and 
teaching interests to either: Prof A L 
Burlingame, Dept of Pharmaceutical 
Chemistry, University of California, 
San Francisco, CA 94143 or Prof 
McLeod Griffiss, Veterans Admini- 
stration Medical Center, 113A, 4150 
Clement St, San Francisco, CA 
94121. The University is an igual 
Opportunity/Affirmative Action 
Employer. Women and minorities 
are encouraged to apply. yn 
(NW489)A 





THE UNIVERSITY 
OF BRITISH COLUMBIA ` 


DEPARTMENT OF 
BIOCHEMISTRY 
POSTDOCTORAL POSITIOD 
Applications are invited for 4 
postdoctoral position for 2-3 years 
Studies on (1) the identificahom,o 
retinal neurons in vivo and in THD 
culture and (2) structure and functio 
of retinal photoreceptor membran 
proteins. using monoclonal ani i 
bodies in conjunction 
chemical, immunological an 
scopic techniques, 

Salary range $18,000 t 
per annum. Send. curric 




















TARE VOLAR IW APRI RE 





-OSTDOCTORAL 
| RESEARCH 
oo} open from August 1, 1984 for 
<4 up to two years. 
_ |) Field: Radioimmunolagical 

~ f tumor localisation with labeled 
~ | monoclonal antibodies. 

| Qualifications: Background in 

>} Biochemistry and/or organic 
sp chemistry. 
| Salary: sFr. 50°000.-- and up. 
| Please send applications to 
Dr. R. Andres, Isotope 
< Production, Swiss Federal 
_ J Institute for Reactor 
Research (EIR}, CH-5303 
Wirenlingen, Switzerland. 
¿Include two letters of supprt | 
and list of publications. SA 













| Plantek International 
| (Pte), Ltd., a Singapore based 
[biotechnology joint venture 
@Pompany, is seeking. three PhD 
> f senior scientists for our 
| laboratory. Personal research 
history in plant physiology, 
somatic cell genetics or bio- 
chemistry is required, Experience 
in the application of plant cell and 
tissue culture methods for plant 
=Fimprovement are desirable. 
| Successful candidates will inter- 
{act with concurrent programs in 
[plant molecular biology, soil | 
“microbiology, phytochemistry 
zq and fermentation. 
: {Compensation and benefit 
|) packages. are commensurate 
_ | with. experience. interested 
—papplicants should send a 
‘|Current curriculum vitae, | 
_| publication list and statement 
of future research interests to: | 
Vice President of Corporate 
Planning 





























University Research Park, 
417 Wakara Way, Salt Lake 
City, Utah 84108, USA 







(NW475)A 








POSTDOCTORAL FELLOW —— 
HUMAN SEXUAL PSYCHO- 
“PHYSIOLOGY. At Stanford Uni- 
“versity Medical School. Studies on 
-endocrine and physiological vari- 
ables in sexuality. Experience in 
_psychophysiological. measurement: 
active interest in human sex required. 
- Training available in endocrinology 






Call and/or send curriculum vitae, 
references, and statement of interests 
- to: Julian M. Davidson, Department 
~Of Physiology, Standford University, 
Stanford Calif. 94305; telephone: 
“415-497 2432. (NW490)A 







University College Dublin 
seismic Explorationist/ 

Organic Geochemist 
Amendment to Advertisement 
his Lectureship advertised (22nd 
farch 1984) as a two year ap- 


niment is now offered as 


d Burs ee _Affirmative Action Em 


~ and animal behavioral physiology. 


|| California 92717. - 


Drug 


research facilities. 


The successful candidate will have several years 
of post doctoral research experience in a relevant 
scientific or clinical discipline and will have an 


A Senior Post at ICI 


Pharmaceuticals Division in Cheshire 


Working within a well established and 
successful interdisciplinary team you would be 
expected to provide scientific leadership and 
vision in the development and implementation 
of a research strategy for the discovery of drugs 
which will provide the therapies required in the 
1990's and beyond. This position offers 
considerable scope for a personal contribution 
to drug discovery and for along terrn career 
development in modern and impressive 


important. 


























area, Evidence of creative flair in the initiation: . ae 
and execution of independent researchis. o 0a 


inaddition to the salary which reflectsthe he 
importance that the Company places onthis =- 
appointment, you will enjoy first class = 05 abate 
conditions of service. Our research facilities are 
situated in pleasant parkland surroundings o o o C o 
rural Cheshire but conveniently placed for main 
road, rail and. air links. Generous relocation 


assistance will be provided if appropriate. 


addressed to 


established reputation in the cardiovascular 





R Yates (Ref DE), 
Personnel Department, 


Mereside, Alderley Park, 
Macclesfield, 
Cheshire, SK10.4TG. 


Applications, including a detailed cv. should be 


imperial Chemical Industries PLC, 
‘Pharmaceuticals Division, 


(871A 





UNIVERSITY OF 
CALIFORNIA, IRVINE 


FACULTY POSITION IN 
PHARMACOLOGY 


Applications are invited for a tenured 
or tenure-track faculty position in 


Pharmacology. We are especially 


interested in candidates with a back- 


ground in. cardiovascular pharma- 
cology, but qualified candidates in 
any area of molecular pharmacology 
will be considered. A Ph.D. in 


_ Pharmacology or related area, or an 


M.D., is required, 

Level of appointment and salary 
wil be commensurate with achieve- 
ment and experience. 


Curriculum vitae, references and a 
summary of research interests should 
be sent before June 30, 1984, to: Dr. 
Larry Stein, Chairman, Department 


of Pharmacology, College of Medi 
cine, University of California, Irvi 





The University of Californ 


ETETEN MASATA AA eE AEA asa eter mee HAE ART SNRA Ain 








UNIVERSITY OF 
LIVERPOOL 


DEPARTMENT OF BIOCHEMISTRY 


DEMONSTRATOR 
SENIOR DEMONSTRATOR 


_ Applications are invited for the post 


of. Demonstrator/Senior Demon- 


1984 and renewable for up to 3 years. 
Candidates normally expected to 
hold Ph.D. or equivalent degree or be 
about to present a thesis for that 
degree. Duties include demonstrating 


practical work and giving tutorials to | 


undergraduates and: supervising an 


= Honours research project as well as 


conducting research, for which a 
wide range of facilities are available. 


Initial salary in the range £6,310 
-£8,530 p.a. 


Applications, together with the 


. hames. of three referees should be 
teceived not later than 1 June, 1984, 


experience in Polymer Engineerin 
ed OF ‘oon | The Department. offers a 4- 

—Strator tenable from ist September | \ 
-Engineering and provide 
materials to other g 
departments: and tost 





MONASH UNIVERSITY 
Melbourne, Australia < < 
DEPARTMENT OF MATERIALS 
ENGINEERING 
CONTINUING LECTURER _ 
Applications are invited from well 


qualified. candidates ¿who have 













study Materials Science 
of Science, It has: 








and 3 referees. 
Monash Universi 
3168, Australia, 
copy to the Se 
Association of. 
Universi 








































-zu besetzen., 


`F des Studiums der Agra 






Germany; 
Unterlagen 
wissenschaftlichen und 









besteht) und Sonderdrucke. 


$ JUSTUS-LIEBIG-UNIVERSITAT GIESSEN 

9 im Fachbereich Angewandte Biolgie und Umweltsicherung ist ab sofort 

:§ am Institut für Pflanzenbau und Pflanzenzüchtung | unter den gesetz- 

[lichen Einstellungsvoraussetzungen fur Professoren gemäß § 39 a des 
Hess. Universitatsgesetzes (Habilitation oder gleichwertige wissen- 

|. schaftliche Leistungen) eine neu eingerichtete. 


C4 - Professur für Pflanzenzüchtung 


“Der Stelleninhaber hat das gesamte Fachgebiet in der Lehre im Rahmen 
<S de rwissenschaften zu vertreten. Die Forschung 
F soll schwerpunktmäßig auf dem Gebiet der Qualitäts- und Resistenz- 

` züchtung unter Einbeziehung neuer ziichterischer Methoden erfolgen, 
Die Bewerbungen sind innerhalb von 2 Wochen nach Veröffentlichung 
des inserats an den Präsidenten der Universität Gießen, FR 

Postfach 111 440, D-6300 Gießen, 
sind erbeten: Lebenslauf mit ausführlicher Schilderung des 
beruflichen Werdeganges, Kopien der 
Promotions- und ggf. Habilitationsurkunde, Verzeichnis der 
Lehrveranstaltungen und der Verdffentlichungen (bei gemeinschaft- 
lichen’ Publikationen bitte erläutern, worin die lao a 


zu richten. Als 


W928) A 


maaana 


UNIVERSITY 
OF LEICESTER 
DEPARTMENT OF 
BIOCHEMISTRY 
= POST-DOCTORAL 
_.. RESEARCH ASSOCIATE 


-< Applications are invited for a post- 
“doctoral position to work on the 
mechanisms of transformation of 
-animal cells in culture by Rous 
< sarcoma virus (RSV). The work will 
initially be directed towards clari- 
fication of the relationship between 
tyrosine-specific phosphorylation of 
. the cytoskeletal protein vinculin by 
- pp60’-sre (the transforming gene 


<- product of RSV), and other aspects 


= ofthe transformed phenotype. The 





THE UNIVERSITY OF 
MELBOURNE 


DEPARTMENT OF GEOLOGY 


LECTURER (LIMITED 
TENURE) IN GEOPHYSICS 


Applications are invited from geo- 
physicists with interests in explora- 
tion geophysics for a Lectureship in 
Geophysics in the Department of 
Geology. Applicants should have ex- 


`. perience in exploration data acquisi- 
= tion, processing and interpretation 


and be prepared to give courses at 
“senior undergraduate level as well as 
-to carry out research and to supervise 


~ graduate students. The appointment 


is part of an expansion and integra- 
tion of geophysics teaching and 


` research at the University of 
~ Melbourne and Monash University 


_ vand will be for a period of three years 
inthe first instance. ; 


Salary in the range $A23,394 — 





< $A30,734 per annum. University 


:- regulations permit. consulting work 


‘to be accepted by members of staff. 
_ Further printed information 





work may also involve analysis of the 
structure of vinculin and the vinculin 
gene. 


Applicants should have a PhD in 
Biochemistry, and experience in 
some area of Tumour Biology is 
desirable. 


Salary within the range £7,190 to 
£8,975. 


The position is available immed- 
iately, although the starting date is 
negotiable, and will be for 2 years. 


Applications (together with the 
names of two referees) should be sent 
to Dr D R Critchley, Department of 
Biochemistry, University of 
Leicester, University Road, Leicester 
LEI 7RN. (1865)A 


—memuinairneeessinasantpiensisaiatentetiesim saree erate ents NMNOLAA AORTA MANTA Aa TAN ONTO Narn 


UNIVERSITY OF 
ST ANDREWS 


DEPARTMENT OF BIOCHEMISTRY 
AND MICROBIOLOGY 


Applications are invited for a 
“NEW BLOOD” 
LECTURESHIP 


in the above department, tenable 


from October 1984. The appointee 


should have research interests in 


Molecular Virology in an area which 
would complement the research pro- 


gramme of Professor W.C. Russell in 


recognition mechanisms in adeno- 


viruses. Experience in gene manipu- 


lation and in the development of virus 
vectors would be particularly ap- 
propriate. The lecturer would also be 
expected to initiate and to organise 
(in association with other staff 
members) the gradual insertion of 
virological topics into the teaching 
ee: The upper age limit will 
e 35. n 


Salary at appropriate point on 


scale £7,190 to £14,125 per annum, 


starting salary probably not above 
£10,250 per annum, plus USS. 










"| UNIVERSITY OF LEICESTER | 
| DEPARTMENT OF MICROBIOLOGY 


‘NEW BLOOD’ 
LECTURESHIP IN 
MICROBIAL 
PATHOGENICITY 


Applications are invited for a newly 
established ‘New Blood’ Lectureship 
in Microbiology. Applicants should 
have an established research ability in 
molecular or cellular aspects of 
microbial pathogenicity. The Depart- 
ment provides a stimulating research 
environment and good facilities with 
ample opportunities for interaction 
with other established research 
groups in the area of microbial patho- 
genicity. The age of the successful 
candidate should not normally 
exceed 35 at the date of appointment. 
oy post is tenable from 1 October 
1984. 


Initial salary will depend on 
qualifications and experience on the 
Lecturers’ Scale £7,190 to £14,125 
(under review). 


Further particulars from the 
Registrar, University of Leicester, 
University Road, Leicester, LEI 
7RH, to whom applications should 
be sent on the form provided by 25 
May 1984. Informal enquiries can be 
made to Professor P.H.A. Sneath, 
Department of Microbiology (tele- 
phone (0533) 551234). (8iDA 


Jp E PSU ENANDERS 


QUEEN’S UNIVERSITY 
DEPARTMENT OF PHYSIOLOGY 


NEUROENDOCRINOLOGIST 


A vacancy will exist commencing 
August Ist, 1984 for an established 
neuroendocrinologist. The applicant 
should have the PhD and/or the MD 
degree, several years teaching 
experience and a proven research 
record. The applicant will be 
expected to lead an active high quality 
research programme and to par- 
ticipate in undergraduate and 
graduate teaching. The facilities for 
research are outstanding and the 
appointment is a regular one under 
tenure regulations. In accordance 
with Canadian immigration require- 
ments priority will be given to 
Canadian citizens and permanent 
residents. 


Applicants should submit a 
curriculum vitae, a brief statement of 
their research interests and 
objectives, selected reprints, and the 
names of three referees from whom a 


confidential assessment of research 
and teaching abilities may be. 
obtained to: Dr V C Abrahams, 


Department of Physiology, Queen's 
University, Kingston, Ontario, 
Canada K7L 3N6. (NW466)A- 


BIOTECH 





9 Are you reading Bio/ Technology, the International. Journa fdr. 


Industrial Biológy? 





NATORE VOL: 


EDINBURGH 


DEPARTMENT OF VETERINARY 
PATHOLOGY 


NEW BLOOD LECTURESH "e 
IN MOLECULAR BIOLOGY 


Applications are invited for a New : 
Blood Lectureship in molecular. 
biology. : 


The successful applicant will jom 
strong immunology research group 
and will be expected to pursue 
research in molecular genetics which 
integrates with the immunological 
interests of the group. These are- 
concerned with basic studies on the, 
cellular and molecular mechanisms in . 
immunity, analyses of cell surface 
molecules involved in immune cell 
interactions and studies on the 
immunology and immunopathology 
of persistent infection. ae 


There is a wide choice of research. 
area. The applicant’s research could: 
range from work on the molecular: 
genetics of the major histocom- 
patability system and related cell 
surface molecules on lymphocytes to 
the application of recombinant Diy 
technology for the.identification or 
antigens on pathogens associated 
with certain animal diseases Of 
economic importance with a view to 






| the construction of synthetic. 


vaccines. 


The salary will be on the lecturer’s 
scale (£7,190-£14,025) with super- 
annuation under the University’s 
superannuation scheme. The starting 


salary depends on age, qualification 


and experience. Potential applicants 
should have research experience in 
molecular genetics and an interest in 
immunology. 


Further information is available 
from the Secretary to the University, 
Old College, South Bridge, 
Edinburgh or directly from Professor 
I McConnell, telephone 031-667 1011 
ext 5322. oe 


Applications (6 copies) giving, the 
names of two referees houk be 
lodged with the Secretary tò the 
University not later than 18th May 
1984. Please quote the appropriate 
reference number. Late applications, 
particularly from overseas may be 
considered but in such cases prior 
notice. of intention to apply (with 
names of referees) should be 
registered. at the earliest _ possible 
a Please quote reference No NBS 


The age limit is 35, and person: 
holding permanent appointments i 
' UK Universities are not. eligible fo 
| appointment. 


NOLOGIS 









For a free sample copy of this new monthly Journal from the Publishers 


of Nature, please write or phone: 


Mirta Soto 
- Bio/Technology 
’ 45 East 26th Street 
Z New York 10010, 
US : 


| 2 Tel: (212) 689 5900 





ON Felicity Parker — . 











S N TYNE 


“NEW BLOOD” 
LECTURESHIP 


DEPARTMENT OF 
SOIL SCIENCE 


‘pplications are invited for a Lec- 

ureship in the Department of Soil 

cience funded the under the U.G.C. 

‘New Blood” scheme. Applicants 
_ Should normally be under 35 years of 
age. The post is available from Ist 
October 1984. 


We are seeking a chemist, 
biochemist or microbiologist, 
_ preferably with research experience 
_in- soil organic matter or humic 
_ Substances to study the factors in- 
_ fluencing carbon turnover in soils. A 
_ knowledge of one or more of the 
following would be an advantage: 
microbial biomass and activity 
measurements, 4o dating, spec- 
‘troscopic techniques. 


<- Salary will be on the Lecturer’s 
Seale: £7,190 — £14,125 per annum, 
_acgording to age, qualifications and 
Drrience. 


© Further particulars, quoting post 
_Ref.15, may be obtained from the 
Senior Assistant Registrar (F.P.), 
The University, 6 Kensington Ter- 
tace, Newcastle upon Tyne NEI 
TRU, Applications (3 copies), giving 
the names and addresses of three 
referees should be received not later 
than 18th May 1984. (IRIKA 





QUEEN ELIZABETH 
E COLLEGE 
(UNIVERSITY OF LONDON) 
ae Kensington 


_ DEPARTMENT OF BIOCHEMISTRY 


_ RESEARCH ASSISTANT OR 
- * POST DOCTORAL 
RESEARCH ASSISTANT 





Applications are invited for a 
research assistant to work with 
Dr. B. Winchester on the identifica- 
‘uon- of cloned sequences coding for 
human lysosomac -D-mannosidase 
‘using synthetic oligonucleotides 
obes. Experience of protein purifi- 
n and sequencing, synthesis of 
ronucleotides or screening of bac- 
ial colonies by nucleic acid hybrid- 
tion would be useful but is not 
tial. 


The post, which is funded by the 
licome Trust is tenable for 15 
Salary in the range of 
7630 plus £1186 p.a. London 
wance, depending on qualifica- 
‘and experience. 

ications, including a curricu- 
tae. and the names of two. 
ic referees, should be sent to 
Staight, Assistant Secretary, 























UNIVERSITY | 
OF BRISTOL 


DEPARTMENT OF 
BIOCHEMISTRY 


TEMPORARY 
LECTURESHIP 


For a period of 4 years starting Ist 
October 1984, a temporary 
lectureship in Biochemistry will be 
available, subject to final agreement 
of funding of a fellowship awarded to 
an existing staff member. 


Preference will be shown to one of 
two types of candidate: either those 
whose interests lie in any aspect of 
mammalian biochemistry in relation 
to metabolism, control and develop- 
ment and who would play a full part 
in research and teaching: or those 
who would be willing to accept a 
greater than normal load of ek- 
mentary teaching and might see their 
future in this area and in depart- 
mental administration. 


There is the possibility, especially 
in relation to the second alternative, 
of a more permanent post. 


Salary is on the lecturers’ scale 
£7,190 — £14,125 pa. Further par- 
ticulars should be obtained from the 
Registrar and Secretary, University 
of Bristol, Senate House, Bristol BS8 
ITH, to whom applications should 
be sent by 3ist May 1984. (Please 
quote reference JC.) (1859)A 





UNIVERSITY OF ABERDEEN 


DEPARTMENT OF CHEMISTRY 


‘NEW BLOOD’ 
LECTURESHIP 


SOLID-STATE SCIENCE 


Applications are invited from 
chemists of proven high ability and 
potential for the above post funded 
under the UGC’s “New Blood” 
scheme. It is likely that the successful 
candidate will have had some post- 
doctoral research experience. 
Applicants are encouraged to outline 
their career goals and to present 
research proposals in the field of 
solid-state inorganic chemistry. 
Some teaching duties will be required 
with undergraduates as well as with 
the MSc course in solid-state science. 


Candidates should normally be 
aged 35 or under. Salary will be on the 
Lecturer Scale £7,190-£14,125 per 
annum (under review, with appro- 
priate placing. 


Further particulars, including 
descriptions of the presently- 
available facilities and research 
activities of the solid-state group, and 
application forms, are available from 
The Secretary, The University, 


| Aberdeen, ABS IFX, with whom 


applications (2 copies) should be 
lodged: by 19. June 1984. Informal 


inquiries may be made to Professor 
FP: : | 


Glasser (0224) 40241 Ext. 5640 








CLINICAL 
ASSOCIATE | 


Clinical Research Associate required for the C 
Research Department of a Pharmaceutical Com 
situated in the pleasant mediterranean city of Barcelone 


Candidates should be graduates in life sciences o 
pharmacists with. several years relevant experience in _ 
clinical research in U.K. and Europe. The person will have _ 
responsibility for setting up, coordinating, monitoring 
and reporting of clinical trials carried out within and 
outside Spain. The candidate would be expected to even 
tually become fluent in the Spanish language but this i : 
not an important criterion initially. ee 


Salary will be tax free and negotiable at about 
£15,000 p.a. and translocation expenses will be 
paid. Replies to P.O.B. No. W917 c/o Nature, 4Little 
Essex St., London WC2R 3LF. (W917)A 





UNIVERSITYOF 
















UNIVERSITY OF (OF | 
CAMBRIDGE BIRMINGHAM = 
SCOTT POLAR RESEARCH FACULTY OF MEDICINE 
INSTITUTE AND DENTISTRY — 


Senior Research Post-in glaciology 


DEPARTMENT OF IMMUNOLOGY __ 
tenable from 1 October 1984 . | AND WEST BIRMINGHAM HEALTH __ 
Experience in remote sensing, ice- ae 






















AUTHORITY ee 
sheet/glacier modelling, or air-sea- e 
ice interactions desirable. SENIOR LECTURER __ 
Further details from the Secretary (CLINICAL) 





of the Appointments Committee for 
the Faculty of Geography and 
Geology, Scott Polar Research Insti- 
tute, Lensfield Road, Cambridge, 
CB2 IER, to whom applications 
should be sent by 8 June 1984, 
(1848)A 







Applications are invited for the pos 
of Senior Lecturer (Clinical) in the 
Department of Immunology of the 
University of Birmingham Medical 
School. The post will carry honorary 
Consultant Immunopathologist 
status with clinical duties in the Cen- 
peg tral and West Birmingham Healt 

-| Districts, These clinical sessions wi 
-| be shared equally between Dudle 
Road Hospital and the Q 
| Elizabeth Centre. Excellent faci 
for clinical and basic immunolo 
{research exist in the Unive 





















| ae Southampton 
: | THE 
NES UNIVERSITY 
Qe 
DEPARTMENT OF — 
MICROBIOLOGY | 
Applications are invited for a F | equiva 
“New Blood” Lectureship inf | 
Molecular Genetics. Candidates 
should have a PhD and post 


graduate experience in a relevant 
field of molecular biology. 7 
Salary scale: £7,190 x £450415) 
~ £14,125 per annum (under 
review). 
















-t Department. 












































Competence in all fie 
pathology with part 
on lymphomyeloid 
the immunolog: 
diseases is essentia 













The initial salary will depend | | Salary scale: £189% 
on qualifications and į | superannuation. _ 
experience. Further par- 


Further particular: 


ticulars may be obtained from | a i i PARIR 
from Professor k 


D.A.S. Copland, The Univer- f | 
sity, Southampton SO9 5NH [| 
to whom applications (7 } 























INSTITUTE OF PSYCHIATRY 

“NEW BLOOD” LECTURESHIPS 

_ Applications are invited for the following lectureships to start on 
1 October 1984. 


Department of Biochemistry 
LECTURESHIP IN MOLECULAR BIOLOGY (Ref: RM/M) 


eee a into the causation of familial mental illness. The successful applicant 
| will also be expected to contribute to the teaching of Molecular 


Further information and application forms are available from Dr. 
R. M. Marchbanks, Department of Biochemistry. Tel: 01-703 
5411 ext 334. 


Departments of Psychology and Child & Adolescent 


sychiatry 
LECTURESHIP IN DEVELOPMENTAL PSYCHOLOGY 
(Ref: AS/N) 


The appointee will contribute to teaching of child development to 

psychiatric trainees and to clinical psychology trainees on the M.Phil 

Course. Applicants should have expertise in the field of socioemotional 

development and have skills in observational studies of family 
. interaction. 

Further particulars and application forms are available from 


Anne Stevens, Department of Psychology. Tel: 01-703 5411 
ext 320. 


Salary according to age, qualifications and experience on the scale 
£7,190 — £14,125 per annum plus £1,186 London allowance. 


Applications should be returned to the Secretary, Institute of 
Psychiatry, De Crespigny Park, Denmark Hill, London SES 8AF 








~ jocated in DA 
is looking for a new 
DIRECTOR 


of the medical research group 


The successful applicant has preferably an MD and will be fully engaged oe 
in basic research on brain-immune system interactions and neuroendo- | 
crine immunoregulation. Collaboration with local clinicians working on | 





immunologically linked diseases is desirabie. 


The institute is well equipped and has good animal facilities. 


Candidates must be willing and qualified to compete for funds from the. Z 
Swiss National Foundation and other national or international funds. 
Basic knowledge of German and English necessary. Salary negotiable. -; 
Further particulars and applications to the President of the... 


institute, Dr. 


med. F. Suter, 


Schermagasse 116, CH-7208 — 





Malans/ Switzerland. 
Closing date 10th May 1984. (W929)A 
NEWCASTLE UPON TYNE ‘SEM, TEM and Raman Spectroscopy 
POLYTECHNIC 


School of Materials Engineering 


RESEARCH FELLOW 
Ref No EXF3/84 


Applications are invited for a one 
year post doctoral research fellow- 
ship, funded by Wilkinson Sword 
Ltd, to investigate the nature and 
properties of passive films formed on 
stainless steels as influenced by 
thermo-mechanical process treat- 
ments. The project will involve 
analysis of accelerated corrosion tests 
and appraisal of the passivation 
behaviour using potentiostatic tech- 
niques. Films will be examined by 


Candidates should possess a highe: 
degree ideally in the area of corrosior 
science or engineering. 


Salary range: Researcher ‘B’ =- 
£7,215 — £9,801 pa. 


For further details and applica 
forms please call our 24 hour t 

phone answering service (063. 
323126) or write enclosing a stampé 
addressed foolscap envelope to Mr 
Rosemary Smith, Administrativ 
Assistant (Recruitment), Newcasth 
upon Tyne Polytechnic Ellison Place 
Newcastle upon Tyne NEI 85ST, t 
whom completed forms should b 
returned quoting the referenc 


by 18 May 1984. (1851)A 
EAE, EEE ese eis re ero 
UNIVERSITY OF dynamics or fluid dynamics, will be 
ST ANDREWS considered. Candidates should be 


DEPARTMENT OF APPLIED 
MATHEMATICS 


“NEW BLOOD” 
LECTURESHIP IN SOLAR 
PLASMA PHYSICS 


Applications are invited for the 
‘above post tenable from October 1, 
1984, Research experience in solar 
physics or plasma physics is an 
advantage but applications from 


under 35 years of age and must not 
currently hold a permanent Univer- 
sity post in the United Kingdom. 


Salary at appropriate point on 
scale £7,190 to £14,125 per annum, 
starting salary probably not above 
£10,250 per annum, plus USS. 


Further particulars may be 
obtained from the Establishments 
Officer, The University, College 
Gate, St Andrews, Fife, KYI6 9AJ, 
to whom applications (two copies 
preferably in typescript) including 
C.V., list of publications and the 








number by 11 May 1984. (1866)A" 





UNIVERSITY OF UNIVERSITY OF 

NEWCASTLE UPON TYNE NEWCASTLE UPON TYNE 
DEPARTMENT OF CLINICAL “NEW BLOOD” 
BIOCHEMISTRY AND METABOLIC LECTURESHIP 

MEDICINE 
x = DEPARTMENT OF aooo 
NEW BLOOD INORGANIC CHEMIST RE 
LECTURESHIP 


Applications are invited for 


<o good candidates with previous 
experience in related areas of applied 
mathematics, such as magnetohydro- 


1984. (1812)A 













Expanded version of details of post already 
advertised 


UNIVERSITY OF OXFORD 
New blood 
university lectureship in 
l Human Anatomy 
$ The Department of Human Anatomy is seeking candidates for 


-~ the above appointment with a special interest in Developmental 
- Biology, especially the cellular aspects. 













- Applicants whose research and teaching interests fall 
within this field are invited to write to Dr. S. Bradbury, 















names of three referees, should be 
sent to arrive not later than 12 May 









Acting Head, Department of Human Anatomy, South — 
oe ‘| sek 


Applications are invited for a 
Lectureship in the Department of 
Clinical Biochemistry and Metabolic 
Medicine funded under the U.G.C. 
“New Blood” scheme. Applicants 
should normally be under 35 years of 
age. The post is available from Ist 
October 1984. 


This post will form a key part of a 
group developing miniaturised elec- 
trodes for in vivo and in vitro use. 
Previous experience of enzyme elec- 
trodes will be a major advantage. 


Salary will be on the Lecturer's | 


scale: £7,190 — £14,125 per annum, 
according to age, qualifications and 
experience. . 








aarin rathan r a ee mimi vanana n ainoina Atal 





Lectureship in the Department i 
Inorganic Chemistry funded und 
the UGC “New Blood” schem 
Applicants should normally be und 
35 years of age. The post is availat 
from Ist October 1984, i 


The successful candidate will 
expected to be involved in teacht 
with a major commitment to resear 
in the organometallic. are 
Candidates should hold a PhD deg: 
and some research experience at t 
postdoctoral level is desirabl 





















Salary will be on the- 
scale: $7,190-£14,125. pe 
according to age, qualifici 
experience. T 

































RSITY OF 


TLE UPON TYNE 


PARTMENT OF THEORETICAL 
D PHYSICS 


ipplications are invited for a Lec- 
weeship in the Department of 
‘etical Physics funded the under 
U.G.C. “New Blood” scheme. 
.pplicants should normally be under 
-years of age. The post is available 
om. ist October 1984, 


The successful applicant will be ex- 
*cted to collaborate with Professor 
.C.W. Davies’ research group, 
hose current activities include 
vantum aspects of gravity and their 
_application to the early stages of the 
Universe. Applicants should have 
_ postdoctoral research experience in 
at least one of the following areas: 
quantum gravity, gauge theories, 
_ general relativity, cosmology. 


_ Salary will be on the Lecturer’s 
Scale: £7,190 — £14,125 per annum, 
according to age, qualifications and 
experience. 

















-Further particulars, quoting post 
Ref.12, may be obtained from the 
‘Senior Assistant Registrar (F.P.), 
‘The University, 6 Kensington Ter- 
race, Newcastle upon Tyne NEI 
=U. Applications (3 copies), giving 
the names and addresses of three 
referees should be received not later 
than 18th May 1984. (1819)A 


AGRICULTURAL AND 
FOOD RESEARCH COUNCIL 


_ INSTITUTE ANIMAL PHYSIOLOGY 
_ BABRAHAM, CAMBRIDGE CB2 4AT 


_ RESEARCH ASSISTANT 


“Applications are invited for a 
Research Scientist, preferably with 
an in-depth knowledge of immuno- 
assay techniques, to work on repro- 
‘ductive immuno-diagnostic pro- 
cedures in farm animals, using mono- 
clonal antibodies. 


_ This is a period appointment aris- 
ing from a Johnson & Johnson grant, 
and will subsist only whilst funding is 
madg. available. Appointment for 





ear in the first instance. 


Appointment will be in the grade of 
Higher Scientific Officer (scale cur- 
rently £7419-£9561). Applicants must 
hold a first or second class honours 
degree in a relevant discipline, and 
should offer at least two years’ post- 
graduate research experience. A 
higher degree, while not essential, 
d be an advantage. 















ease write for an application 
quoting reference JJ3, to the 
tute Secretary, by 7.5.84. 
AFRC and the grant-aided In- 
Of the AFRS are Equal Op- 
ities Employers. (1839)A 


UNIVERSITY OF 
 NOTTINGHAM/ICI 
YRPORATE BIOSCIENCE 
© GROUP 

SE STUDENTSHIP 


Stud 
Octob 






is names of two academic referees. 





THE UNIVERSITY OF 
MANCHESTER 


DEPARTMENT OF PHYSIOLOGY 


LECTURER IN 
NEUROCHEMISTRY 


Applications are invited for this post, 
which has been established from 
October Ist, 1984 under the national 
scheme to encourage the appoint- 
ment of younger members of the 
academic staff (the “new blood” 


scheme). Applicants should normally | 


be under the age of 35 years with a 
higher degree in a biomedical science 
or a medical qualification registrable 
in the U.K. 


The salary range p.a. is £7,190 — 
£14,125. Superannuation. 


The department is located in a 
modern medical school together with 
other biomedical departments and 
has excellent research facilities. It has 
teaching commitments in the 
Faculties of Medicine and Science. 


Particulars and application forms 
{returnable by May 14th) from the 
Registrar, The University, Man- 
chester M13 3PL. Quote ref. 
89/84/N. Potential applicants may 
contact the Head of the department, 
Professor Maynard Case (Tel: 
061-273 8241 Ext. 75). (1841)A 












ineligible for consideration., 


interaction and co-operation, 


May, 1984. 


UNIVERSITY OF GLASGOW = 
“NEW BLOOD” LECTURESHIPIN | 
PHYSIOLOGY — NUTRITION 
Applications are invited from suitably qualified candidates for the above 


post in the Department of Physiology. The age limit for applicants is 35. 
Persons holding PERMANENT university appointments in the U.K. are 


Applications should have research achievements in human physiology 
and nutrition, preferably with emphasis on energy balance and exercise 
physiology, for which up to date laboratory facilities exist. Cur: 
research programmes in this area include nutritional studies on chile 
and adults, measurement of body composition of people of differe 
ages in relation to their physical activity, and Studies on cardiovascul 
and respiratory aspects of exercise capacity. The successful candida 
will have the opportunity to initiate new studies in related fields. A wide 
range of other interests amongst the staff members of the department, 
as well as the proximity of the Western infirmary offer possibilities for 


in reply please quote Ref. No. 5236M 











The Department sustains a large Honours School of Physiology and f- 
gives undergraduate courses to students of medicine, dentistry; nurs- f 
ing and science. It offers supervision for Higher Degrees by Researchto f 
students from home and abroad. The successful candidate will beex- f- 
pected to play a part in these activities and will have the opportunity to: f 
participate in the development of new courses in Sports Physiology, f- 
Salary will be within the range of £7,190-£14, 125 on the Lecturers’scale f 
with placement according to age, qualifications and experience. ooo 
Further particulars may be obtained from the Academic Person- __ 
nel Office, University of Glasgow, Glasgow, G128QQ, whereap- | 
plications (8 copies), giving the names and addresses. of not | 
more than three referees, should be lodged on or before 31st | 




















usma | 








UNIVERSITY OF LONDON 
INSTITUTE OF 
BIOCHEMISTRY 


DEPARTMENT OF BIOCHEMISTRY 
RESEARCH STUDENTSHIP 


Applications are invited for an MRC 
postgraduate research studentship 
tenable from October 1984 to carry 
out investigations in one of the 
following areas: 


(i) Control of noradrenaline 
release in relationship to antidepres- 
sants, 


(ii) Receptor-effector coupling, 
intracellular Ca*+ levels and altera- 
tions in phospholipid metabolism. 


(iii) Lipid and protein synthesis in 
isolated oligodendroglial cells during 
brain development and myelination. 


Candidates should hold or expect 
to receive first or upper second class 
honours degrees in biochemistry, 
pharmacology or a related discipline. 


Further details and application 
forms can be obtained from the 
Secretary, Department of Biochem- 
istry, Institute of Psychiatry, de 
Crespigny Park, Denmark Hill, 
London SES 8AF. Closing date 31 
May 1984. (1816)F 









transfected genomic clones will be co- 
supervised by Dr J Windass at ICI 
and Dr R J Mayer, Department of 
Biochemistry, University of Not- 


tingham Medical School, Queen’s | 


Medical Centre, Clifton Boulevard, 
Nottingham NG7 2UH. 


Applications should be sent to 
Dr R J Mayer at the above address 
and should be accompanied by the 


~ (1842) 









STUDENTSHIPS 


THE UNIVERSITY OF 
MANCHESTER 


DEPARTMENT OF BIOCHEMISTRY 


SERC-CASE STUDENTSHIPS 


Applications are invited for two 
CASE Studentships. 


1. To work with Dr. C.M. Bray on 
a study of aspects of nucleotide meta- 
bolism and loss of vigour and germi- 
nation potential in vegetable seeds, in 
collaboration with the Plant Physiol- 
ogy Section, National Vegetable 
Research Station at Wellesbourne. 


2. To work with Dr. A.G. Lowe on 


the early time course of changes in 


platelet calcium concentration and 
protein phosphorylation following 
activation by agents such as thrombin 
and ADP, in collaboration with 
Ciba-Geigy Pharmaceuticals 
Division, Research Centre, 
Horsham. 


The Studentships willcommencein 
October 1984. To qualify, applicants 
must already have, or expect to 


obtain, at least an upper second class 
honours degree in Biochemistry, 


Biology, Botany or an appropriate 
discipline. 


Applications, including a curricu- 
lum vitae and the names of two 
referees, should be sent as soon as 
possible to Drs. Bray or Lowe, 
Department of Biochemistry, The 
University, Manchester M13 9PT 
from whom further details may be 


obtained. Applicants should indicate | 


interest 








| canbe 





eS 


UNIVERSITY 

OF BRISTOL. 
SCHOOL OF CHEMISTRY eo 
Organic Geochemistry Unit 
NERC RESEARCH > 
STUDENTSHIPS : 
Studentships (3 awards) are available 
from the following topics: .. oe 
1. Biological markers. as source 


indicators for organic matter in 
| marine sediments (Dr SC Brassell; 
CASE Studentship with DRJ 


Morris, Institute of Oceanographic __ 
Sciences). yas a 
2. Early diagenetic fate of | 


chlorophyll pigments. in- Recent 


aquatic sediments (Dr RG Brereton). 

3. Fate of lipids in zooplankton 
faeces after passage through key 
benthic detritivores (Prof 
Eglinton; CASE Studentship wit 
E D S Corner, Marine Biolog 
Association). ae 

4. Thermal history of sediment 


the catagenetic zone: ster 
reactions as indicators (Dr 





Maxwell). 












giving the names. of two. refer 
should be made to Professor 
Eglinton, Organic Geocher 
Unit, University of Bristol, Sch 
Chemistry, Cantock’s Clo 

TS È 


BS8 ITS, from who! 


obt 

















































































UNIVERSITY COLLEGE 
CARDIFF 
MRC RESEARCH 
STUDENTSHIP IN 
PHYSIOLOGY 


C| A three year MRC Studentship is 
“available from 1st October, 1984, to 
“work on the properties of primary 
-afferent neurones innervating 
cranial blood vessels and the 
“meninges and their possible involv- 

= Pement in migraine headache. The 

=F project will involve electro- 
<-i physiological and histological tech- 
oot piques. 

“=| Applicants should possess, or 

> bexpect to obtain a First or Upper 

<|Second Class Degree in 
| Physiology, Pharmacology or some 
bother appropriate subject. 

it Those interested should write to 

Professor D. |. Wallis, Department 
| of Physiology, University College, 
P.O. Box 78, Cardiff, CF1 1XL, 
seeking further particulars or 
enclosing an application which 
| includes a Curriculum Vitae and the 
names and addresses of two 
-=| referees. Closing date 28th May, 
-| 1984. Ref: 2770. (1757)F 














































































THE MIDDLESEX 
HOSPITAL MEDICAL 
SCHOOL 
London WIP 7PN 


SERC CASE STUDENTSHIP 


To investigate the effects of diet on 
<. themetabolism and activation of 
compounds forming mutagens, 
particular emphasis will be given to 
the role of the gastrointestinal flora. 
The co-operating body is The British 
Industrial Biological research 
Association at Carshalton, Surrey. 


Applicants should have, or expect 
to obtain, a First of Upper Second 
class degree in Biochemistry, 
Microbiology, Pharmacology or 

z>. Toxicology. Applications in 
duplicate with the names and 
addresses of two referees as soon as 
possible to Dr S Neale, Courtauld 
Institute of Biochemistry, at the 
above address. (1833)F 


ONENEN TET HLL anaanatae 


UNIVERSITY OF 
BIRMINGHAM 


z 2 DEPARTMENT OF IMMUNOLOGY 
| CASE STUDENTSHIP 


Applications or enquiries are invited 
for a SERC CASE STUDENTSHIP 
- leading to submission for the Ph.D. 
~ degree. The project is a study of gene- 
itic markers of human immunoglobu- 
fins as antigens. Experimental 
- approaches will include the produc- 
tion of monoclonal antibodies to 
intact proteins, proteolytic fragments 
or synethetic peptides. Monoclonal | 
antibodies will be evaluated in a 
variety of immunoassay techniques’ 
for application within forensic 
‘medicine. The co-operating body is 
‘the Home Office Forensic Science 
Service, Aldermaston, and support is 
guaranteed for 3 years from Ist 


October 1984. 
S slic E 





































































ns with C.V. and names | 


UNIVERSITY OF KENT 
AT CANTERBURY 


BIOLOGICAL LABORATORY 


CASE STUDENTSHIP — 
EFFECTS OF ANTIFUNGAL 
COMPOUNDS ON HEPATIC 

METABOLISM 


Applications are invited for an SERC 
CASE studentship leading to the 
degree of PhD for an investigation of 
novel antifungal compounds. The 
project, in collaboration with Pfizer 
Central Research, will study the 
interaction of antifungal compounds 
with mammalian cytochromes P-450 
and their effects on the metabolism of 
endogenous substrates. Applicants 
should hold, or expect to obtain at 
least an upper second class honours 
degree in biochemistry or pharma- 
cology. 


Applications with a curriculum 
vitae and the names of two academic 
referees should be sent to the Senior 
Assistant Registrar, Faculty of 
Natural Sciences, The University, 
Canterbury, Kent CT2 7NH quoting 
ref PG10/84/N by 21 May 1984. If 
desired, further details be obtained 
from Dr A Lodola, Biological Labor- 
atory. Tel. 0227 66822 Extn 7581. 

(i817)F 





UNIVERSITY OF READING 
DEPARTMENT OF BOTANY 


SERC-CASE RESEARCH 
STUDENTSHIP IN 
BIOCHEMICAL PLANT 
PATHOLOGY 


Applications are invited for the 
above studentship tenable for 3 years 
from 1 October 1984 and leading toa 
Ph.D. degree. 


The project involves a study of 
phytoalexin induction in selected 
plants of the Compositae family. 
Phytoalexins will be isolated and 


tested for fungitoxicity, and other 


barriers to fungal infection will also 
be examined. This research, under 
the direction of Professor J.B. Har- 
borne is aimed at developing novel 
crop pesticides via compounds form- 
ed de novo after plant infection and 
will be carried out in conjunction 
with Dr. P. Hendley of ICI Plant 
Protection Division, Jealott’s Hill. 


Candidates should hold, or expect | 


to obtain, a first or upper second class 
Honours degree in an appropriate 
science subject. A background in 
plant biochemistry and/or plant 
pathology would be an advantage. 


Applications in writing, giving a 
curriculum vitae and names of two 
referees, 








ding, | S 





THE SCHOOL OF 
PHARMACY 
UNIVERSITY OF LONDON 


TOXICOLOGY UNIT 


A SERC/CASE 
STUDENTSHIP 


in collaboration with Imperial 
Chemical Industries is available from 
October 1984 leading to a PhD for 
research into the mechanisms of toxi- 
city of chemicals and anti-cancer 
drugs. Applicants should possess or 
expect to obtain a good honours 
degree in Biochemistry or a related 
discipline. 


Applications, including curricu- 
lum vitae and names of two referees 
should be sent by 11 May 1984 to: 
Dr G M Cohen, Toxicology Unit, 
Dept of Pharmacology, The School 
of Pharmacy, 29/39 Brunswick 
Square, London WCIN 1AX. 

(1813)F 





UNIVERSITY OF BRISTOL 


DEPARTMENTS OF 
MICROBIOLOGY AND CHEMISTRY 


S.E.R.C./C.A.S.E. 
STUDENTSHIP 
in conjunction with 
Glaxo Research Ltd 


Applications are invited for a 
Studentship (3 years) to work on 
secretion of proteins in Escherichia 
coli, and the possibility of inhibiting 
the process by antibiotics or synthetic 
peptides. 


Applicants, who will be expected 
to register for a higher degree, should 
have, or shortly expect to obtain, a 
first or upper second class Honours 
Degree in Biochemistry, Microbiol- 
ogy, or a related subject. Applica- 
tions, with a curriculum vitae and the 
names and addresses of two referees, 
should be sent before 31 May to Dr. I. 
Chopra, Department of Microbiol- 
ogy, The Medical School, University 
Walk, Bristol BS8 ITD. (1825)F 





UNIVERSITY OF 
NOTTINGHAM 
DEPARTMENT OF AGRICULTURE 
AND HORTICULTURE 
NERC-CASE RESEARCH 
STUDENTSHIP ON THE 
VITRO PROPAGATION OF 
TROPICAL TREES 


Applications are invited from- 


candidates with or expecting this 
summer to obtain a good honours 


degree in horticulture, botany or | 


biological sciences, for a research 
studentship leading to a PhD degree. 
The project will involve a study of the 
domestication of tropical trees by in 
vitro culture. Part of the work will be 
carried out at the NERC Institute of 
Terrestrial Ecology, Edinburgh. 
Further details of this work will be 
forwarded on request: 


Applications, 


names of two referees should be sent 


to Dr P G Alderson, Nottingham | 
_| University School of Agriculture, |, 
utton Bonnington, Loughborough, | ~~ 





Leics LEI2 SR 
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including a. 
curriculum vitae together with the- 












UNIVERSITY COLLE 
CARDIFF 

DEPARTMENT OF BIOCHEMIST 
RESEARCH STUDENTSH#S 
Applications are invited from 
suitably qualified graduates or thos 
expected to graduate shortly 
Research Studentships tenable i 
Department of Biochemistry for the 
Session 1984-85. Studentships are the 
same value as those awarded by the 
various Research Councils or the 
DES plus tuition fees. The following 
research fields may be available to 
suitable candidates: Studies. on 
adipocytes; Lipoprotein bio- 
chemistry; Epidermal cell envelope 
precursors; Detoxication mech- 
anisms; Studies on red cell deforma- 
bility; Lipids in microorganisms; 
Studies on hyaluronidases and 
B-glucuronidases; ‘suicide’ enzyme 
inhibitors. 





Further particulars can be 
obtained from Professor K-S 
Dodgson, Department of Bio- 
chemistry, University College, PO 
Box 78, Cardiff CF1 IXL. Ref: 2771. 
(1826)F 





UNIVERSITY OF ESSEX 
DEPARTMENT OF BIOLOGY 
SERC CASE STUDENTSHIP 


Applications are invited from micro 
biologists for a research studentshiy 
to investigate the effect of hydroger 
on carbon metabolism by bacteria ii 
anaerobic digesters. The project, i 
collaboration with Water Researcl 
Centre, Stevenage, will experiment 
ally evaluate a computer model o 
microbial activity in -digesters 
Applicants should have, or expect ti 
have, a first or upper second. clas 
Honours degree. oS 


Further details and applicatio; 
forms may be obtained from. Dr 
D.B., Nedwell, Department. o 
Biology, University of Essex 








Colchester CO4 3SQ. (1844)F 
THE ROWETT RESEARCH 
INSTITUTE e 
Bucksburn, Aberdeen, AB2 95) 
AFRC RESEARCH 
STUDENTSHIP _ 


chemistry Department, for 
the growth of connective tiss 
biochemical and immut 
techniques. Candidates sho 
or expect to obtain, a fir 
second class honours deg 
ably in biochmistry). a 
expected to register. fo 
degree with the U 
Aberdeen. The Stud 
prises a tax-free main! 
ance of £2,430 p.a., ph 
fees and travelling exp 


Further particular: g 


















ULCOME RESEARCH 


Parasitology is involved in basic 
studies of parasite biochemistry 
id neurophysiology, and their 
[application to the chemotherapy 
4 of the parasitic disease of man and 
$ his domestic animals. As part of 
[this programm: the following 
ISERC CASE Studentships are 
f available for tenure at the 
| university indicated. 
fil. Enzymology of pyruvate 
Į metabolism in anaerobic 
“protozoa. Academic Dr 
visor: Dr P F Leadlay, 
Department of Biochemistry, 
University of Cambridge, 
{Tennis Court Road, 
|... Cambridge CB2 IQW. 
į2- Transport of purines and 
į pyrimidines in Trichomonas 
kð, Vaginalis. Academic super- 
"visor: Professor P B Beechey, 


Department of Biochemistry 


< and Agricultural Biochemi- 
$ stry, School of Agricultural 
| Sciences, The University 
|. College of Wales, Penglais, 
ae eR ah aa Dyfed SY23 


13. Electrophysiological analysis 


University of East Anglia 
orwich 


FELLOWSHIP 
Applications are invited for a 
University of East Anglia Fellow- 
ship in the School of Biological 
Sciences, for two years from Oc- 
tober 1984 in the area of the cell 
and molecular biology of neoplas- 
mic transformation. Candidates 
should have a particular interest 
in changes in cytoskeletal organi- 
sation in relation to neoplasmic 
transformation and their signifi- 
cance to cell proliferation dyna- 
mics. Experience in the bio- 
chemistry and/or the genetics of 
the cytoskeleton together with 
relevant techniques, such as 
micro-injection of cultured celis, 
would be advantageous. It is ex- 
pected that the Research Fellow 
will collaborate with Dr. R.M. 
Wartn’s group which is investigat- 
ing the roles of the cytoskeleton in 
embryogenesis. Opportunities 
also exist for interaction with 
other groups working on the 
cytoskeleton and on cancer drug 
resistance factors. Salary within 
the range £7190 to £8530 p.a. 
(under review) plus USS benefits. 
Candidates who have or ex- 
pect to have a Ph.D. by the 
time of appointment should 
send their applications, in- 
cluding a curriculum vitae and 
the names of three referees, to 
the Dean, School of Biological 
Sciences, University of East 
Anglia, Norwich, NR4 7TJ, 
from whom further particu- 
lars may be obtained. Applica- 
tions should be received not 


FELLOWSHIPS 
INSTITUTE OF OCEANOGRAPHIC SCIENCES ~ 


Research Fellowship | 
in Marine Physics 


The Institute has long been at the forefront of research into ocea 
circulation. The techniques developed by IOS and other laboratories 
over the past decade are now being employed to provide information ol 
dispersion processes in the abyssal ocean as they impinge on th 
possible disposal of high-level radioactive waste in the seabed. 


There is a vacancy atthe IOS for a research fellow to work with data sets 
collected in the course of both Lagrangian and Eulerian studies: of 
circulation in the eastern N, Atlantic. in particular those observations in. 
connection with radioactive waste disposal have focussed on. the 
dynamics of the benthic boundary layer and more recently a major 
experimental effort has been underway to measure dispersion and- 


residual circulation directly using long-range (SOFAR) neutrally $ — 


buoyant floats. 


The fellowship, tenable for a period of 3 years, will require the 
successful applicant to spend one or two months at sea per year on 
research ships, be involved in the planning and execution of | 
experiments and the analysis of data, and will enable him/herto pursue | 
investigations of the dynamics of the deep ocean. ee 


Candidates should have at least 3 years postgraduate experience in the z 
fields of physics, physical oceanography or geophysical fluid dynamics. 


The Natural Environment Research Council is nota Government 3 
Department, but conditions of service are similar to those in the Civil 
Service. Cee 


Please write to telephone for an application form and further | 
details to:— The Institute of Oceanographic Sciences, Brook | 
Road, Wormley, Godalming, Surrey GUB 5UB. Telephone | 
Wormiey (042879) 4141, extn. 272. Please quote Reference 
84/ 009/ 623. The closing date for the return of applications is 11 
May 1984. {181E 


of nerve and muscle cell latar than <EMAY TAE. a NATURAL ENVIRONMENT RESEARCH COUNCIL | 
i roperties in parasitic CO E 
$ helminths. Academic super- 
visor: Dr J Walker, 
Department of Neurophysio- 
logy, School of Biochemical 
and Physiological Sciences, 
Medical and Biological 
Sciences Building, Bassett 


“Crescent East, Southampton 
O9 3TU. 


BRITISH DIABETIC ASSOCIATION | 
AMES CENTENARY |. 
SENIOR NON-CLINICAL |- 
RESEARCH FELLOWSHIP | 


Applications are invited for a Senior Non-Clinical Research Foo 
Fellowship sponsored jointly by Ames Division of Miles Laboratories J 
Limited {to celebrate their centenary) and the British Diabetic — apo 
Association. The successful candidate will have several yearspost- Fo- 
doctoral experience. nets | 
Seay will be at the appropriate point on the non-clinical lecturer 
scale. a oe 
Application forms are available from the Assistant 
Secretary, The British Diabetic Association, 10 Queen Anne 
Street, London, W1M 0BD — 01-323 1531. The closing date for. 
applications is the 25th May 1984. qi854)E. cea 


THE UNIVERSITY OF 
ie WESTERN AUSTRALIA 
Applicants should have, as appro- Perth 
priate, a strong background in 
‘Biochemistry or physiology. No 
prior experience of parasitology is 
squired. They should possess, or 
ate, at least an Upper 
td elt be on ree pene for 
an expected to register for 
: PhD. Ap tion forms and 
urther de are available from 
€ appropriate academic 
pervisor. 
- (1864)F 


RESEARCH FELLOW IN 
ANIMAL SCIENCE AND 
PRODUCTION 


Applications are invited from 
suitably qualified PhD graduates for 
appointment to the E H B Lefroy 
Research Fellowship in the School of 
Agriculture {Animal Science). The 
appointee will join a group headed by 
Professor D R Lindsay workingin the 
physiology of reproduction and 
survival of Merino sheep. The 
Fellowship will be tenable for two 
years initially with prospects of 
continuation for a third year. 


ae 3 UNIVERSITY 
_ OF ABERDEEN 
NERC RESEARCH 
- STUDENTSHIP 
«Membrane Lipids 
jons are invited for a three 
arch Studentship to work 
cts of high pressure on the Commencing salary: $A23394 per 
tion of bacterial membrane | annum. The appointee will be en- 
nd- related membrane pro- | titled to fares to Perth for self and 
he studentship is intended | fully dependent spouse. Further in- 
ya PhD. | formation may be obtained by 
ject is under the joint | Contacting Professor D R Lindsay 
vof Dr A G Macdonald, | [(09) 380:2529). 
it_of Physiology and Pro- 
Hamilton, Departmentof | Applications in duplicate stating 
gy, Marischal College, | full personal particulars, qualifica- 
Jniversity, Aberdeen AB9 | tions and experience and the names 
eS oS nt and addresses of three referees 
uding the names | should reach the Staffing Officer, 


TWYFORD PLANT LABORATORIES LTD 
Post-Doctoral Fellowship 


Applications are invited for a post-doctoral research fellowship. 
initiate and conduct studies into the primary action of plant growt 
stances and applied regulators in controlling growth and m 
genesis in a range of economically important plants gro 

Studies will be undertaken in collaboration with Long Asht 

Station (University of Bristol). rr Sar a 
Applicants should have graduate qualifications in organic ch 

plant biochemistry or a related discipline. Postgraduate e perie 

the particular fields of plant hormone biochemistry and physio 
would be an advantage. ae, 
The fellowship is tenable for a 3 year period and, if possible, wi 
commence in June 1984. Terms of the fellowship are comparable 
those for SERC/AFRC post-doctoral fellowships. | 
Further details and application forms. are available 


enquire: to Dr | University of Western Australia, . Research Director, T 


wyf 









SEMINARS and SYMPOSIA _ 


ANNOUNCING 
i The UICC 
- Fukuoka Symposium 1984 
a on 
| Fundamentals and Clinical Aspects 
of Digestive Tract Tumors 


Sept 20 — Oct 2, 1984 
Fukuoka, Japan 


Carcinogenesis, Tumor Characteristics, 

New Trends in Cancer Diagnosis, 
Long-term Survival and Combined Modality, 
Multidisciplinary Approaches to Cancer Prevention 
will be the topics discussed by forty-eight 
International Invited Lecturers. 


information and Circulars 


Kiyoshi Inokuchi, M.D. 
Chairman 
Department of Surgery II 
Faculty of Medicine 
Kyushu University 
Fukuoka 812 
Japan 
(W931)M 


GRANTS and SCHOLARSHIPS 

















UNIVERSITY OF GRIFFITH UNIVERSITY 
NOTTINGHAM Brisbane, Australia 
FACULTY OF SCHOOL OF SCIENCE 
AGRICULTURAL SCIENCE 
POSTGRADUATE 


DEPARTMENT OF PHYSIOLOGY 
AND ENVIRONMENTAL SCIENCE 


MAFF POSTGRADUATE 
SCHOLARSHIP 


_ Applications are invited for the 
above scholarship tenable in the 
Animal Physiology Section in 
October 1984. The candidate 
appointed will register for a Ph.D. 
-= degree and study the ‘Induction and 
synchronization of oestrus in the 
gilt’, under the supervision of Dr. 


Chemistry/ Polymer Chemistry 



































Science. 






eorge Foxcroft. The experimenta- 
tion will include a study of factors 
affecting the later stages of sexual 
maturation and the control of such 
factors to produce a reliable system 
of puberty induction in the gilt. 


_. Applicants should have (or expect 
to obtain) a first class or upper second 
class Honours degree in Animal 
Physiology or a related subject. 
\pplicants should send a curriculum 
tae, together with the names and 
idresses of two academic referees, 
Dr. G.R. Foxcroft, University of 
gham Faculty of Agricultural 
ton Bonington, Lough- 









| zation, 
















payable. 





RESEARCH SCHOLARSHIPS 


a) Virology; b) Organic Chemistry/ 
Marine Natural Products; c) Organic 


Applications are invited from suit- 
ably qualified candidates for three 
scholarships (value A%$6,500-8,000) 
to support full-time research work as 
Ph.D. candidates in the School of 


The project involves investigations 
of: a) the nucleic acid biochemistry of 
Akabene virus, a member of the 
Bunyaviridae; b) marine symbioses; 
c) initiation in free radical polymeri- 


Some provision for travel costs and 
dependents allowance may be 


Applications, including cur- 
riculum vitae and the names and ad- 
dresses of tworeferees, should be sent 
to: The School Administrator, | 
School of Science, Griffith Universi- | 
ty, Nathan, Queensland 4111, 
istralia and should reach himby3i | V 

j: W937)H | WC2R3LF. 


GRADUATE RESEARCH 





ASSISTANTSHIPS 


for PH.D. level students are available to work _ 


in the areas of molecular biology, gene ex- 





pression and characterization, and/or so-. 
matic cell genetics of plants. Stipends range 
from $8,000 to $12,000 annually. Available. - 
through a cooperative degree program be- 
tween Los Alamos National Laboratory-Life 
Sciences Division and New Mexico State Uni- 
versity-Plant Genetic Engineering Laboratory. 


Send resume or contact: 


Dr. Gregory C. Phillips, interim Director, 
Plant Genetic Engineering Laboratory, 
Box GL, New Mexico State University, 
Las Cruces, New Mexico 88003. 






university 


Of California A 
ee ani itini 


| POSHATAMOS - 


Action Employer. 


DIV. 84-BA 









An Equal Opportunity/Affirmative 


(NW446)P 





UNIVERSITY COLLEGE 
LONDON 


DEPARTMENT OF ANATOMY AND 
EMBRYOLOGY 


RESEARCH 
ASSISTANTSHIP 


Tenable initially until end of Septem- 
ber 1985, although this is a possibility 
of further extension. 


The work is an investigation of the 
order in which haemopoietic stem 
cells form differentiated blood cells 
using genetic markers and electro- 


UNIVERSITY OF LEICESTER 


PhD GRANTS IN 
CHEMISTRY 


Grants are available at normal SERC 
level for good graduates wishing to 
study for a Ph.D. Degree in Chem- 
istry. All projects involve using elec- 
tron spin resonance and other spec- 
troscopic techniques and one requires 
strong biochemical interest. 


Applicants should write in the first 
instance, giving all relevant details, to 
Professor M.C.R. Symons, Depart- 
ment of Chemistry, The University, | 
Leicester LEI 7RH. (1806)H 





APPOINTMENTS WANTED 
advertise your qualities and qualifi- 
cations through the most influential 
science weekly in the world at a- 





special reduced cost of 25p a word. | 


(Personal Box Numbers £2). 
Advertisements must be pre-paid and. 


sent to: Nature Classified (Appts | 


Wid), 4 Little Essex Street, London 













ada ing 


















don | 2PF by 


phoresis for identification. A kno’ 
ledge and understanding of. tiss' 
culture and growth factors are des) 
able. The project is supported by t 
MRC. Starting salary £6310- p 
annum + £1186 per annum Lond 
Allowance. 


CV and names of two referees: 
Dr Martin Rosendaal, Department 
Anatomy and Embryology, Unive 
sity College London, Gower Stre 
London WCIE 6BT. Further mfr 
mation can be obtained by telepho 
ing Dr Rosendaal on 01-387 7050 &: 
308. (1853)P 





AWARDS | 


ROYAL FREE HOSPITAL 
SCHOOL OF MEDICINE 
(UNIVERSITY OF LONDO? 
DEPARTMENT OF BIOCHEMISTE 
AND CHEMISTRY” 

In collaboration with Nation 
Institute of Biological Standal 
| and Control 
SERC CASE AWAR 


Applications are im 
graduates in BIOCHEM 
3 year SERC CASE A 
work on the mecha 
hormone-induced desensi 
superfused Leydig cell 
joint Ph.D project wil 
B.A. Cooke and -Pi 
Schulster. eo 


A Curriculum V 
names of two acat 
should be sent to P 
Cooke, Department © 
and Chemistry, 
Rowland Hill Stu 
lable 
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TION, MARKETING AND GOVERNMENT. 
” POLICY ... WHEREVER IT TAKES PLACE 


e can you turn to get the crucial information you In just one year, BIOTECHNOLOGY has become the _ 


























and get it all in one stimulating publication? authoritative forum for the crucial ideas, analysis and 
din thousands of your associates in leading information needed for innovative research and 
dporations and institutions who benefit each profitable product development in biotechnology. 
onth from the largest and most influential . 

lication of its i SUBSCRIBE TODAY to achieve the greatest possible 


BSCRIBE TO BIO/TECHNOLOGY aan in your pursuit of industrial innovation trough: 
te International Journal of Biology and Industry lotecnnoiogy. : ens 


every monthly issue, you'll find: TANTO OLING NM C Ay 
'sreports ONJ. ASAA ~ 
Correspondents around the world. New ventures, Tee 

a£ Ung agreements, research breakthroughs, new 


ts, government activities and types of information 


[your A EOD tee m wont find in any other 
tion: 


‘ure articles 


ining in detail new discoveries and techniques as 

pply to health care, foods and beverages, chemicals, 

_ dlture, animal health, energy and environmental 
gement. 






















äles of leading corporations 

_pth studies of the leaders in the field. 
ginal research papers and reviews a | 
mibuted each month by noted researchers in academia e B ENGINEERING 
ndustry. aeania A . TOMORROW'S 
nnology reports Soe — 
Jrenowned experts in microbiology, chemical Cae: 
neering, marketing, finance and government policy. 


rnational patents 


Aty issued from around the world are fapidly 
hed, edited and published each month. 








US Readers: 900-624- 


resources and tools of biotechnology AO Tt ade in Calera BOS aT esol 79) 
2nted and discussed as soon as they become available. PEER any ahs das a wee: Give operator code 7403 
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DETACH THIS FORM AND SEND IT OFF TODAY TO: 



















or Mirta Soto [_]l enclose my cheque made payable to re Oey 
fan oumas Ld seast Zoniet CRE charge my cred card account ty 
RG212xS ae Account No, COTTE TTT 
i R Card expiry date Signature. 
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DNA Packaging Kit ; 
Boehringer Mannhein 


for the establishment of gene banks 
AS i 


y 
l 
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The target was reached: 
108 plaque forming units 
pgÀ 
advantages: 
% constant maximum cloning efficiency 
x% time saving ] 
X economic 


+ ready-to-use aliquots 
+* detailed instructions included 


For further information please contact your local representative or 


a Boehringer Mannheim GmbH 
T s Biochemica 
c boehringer P.O.Box 310120 
an D-6800 Mannheim i 
Circle No.27 on Reader Service Card. = , W. Germany 
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